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Background: The worldwide prevalence of obstructive lung disease (OLD) is increasing,
especially among people >65 years old, and nearly three in four adults with OLD have two or
more comorbid conditions. This study describes the impact of such comorbidities on the
healthcare service usage and related costs in a country with universal health coverage, basing
on a large cohort of elderly patients with OLD and employing real-world data.

Methods: We carried out a retrospective cohort study on a large population of elderly (age >64
years) patients with OLD served by a Local Health Unit in northern Italy. Their comorbidities
were assessed using the clinical diagnoses assigned by the Adjusted Clinical Group (ACG)
system to individual patients by combining different information flows. Correlations between
number of comorbidities and total annual healthcare service usage and costs were examined with
Spearman’s test. Regression models were applied to analyze the associations between the above-
mentioned variables, adjusting for age and sex.

Results: All types of healthcare service usage (access to emergency care; number of
outpatient visits; number of hospital admissions) and pharmacy costs increased significantly
with the number of comorbidities. Average total annual costs increased steadily with the
number of comorbidities, ranging from € 1158.84 with no comorbidities up to € 9666.60 with
6 comorbidities or more. Poisson regression analyses showed an independent association
between the number of comorbidities and the use of every type of healthcare service.
Conclusion: These results based on real-world data provide evidence that the burden of care
for OLD patients related to their comorbidities is independent of and in addition to the
burden related to OLD alone and is strongly dependent on the number of comorbidities,
suggesting a holistic approach to multimorbid patients with OLD is the most sound public
health strategy.
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usage

Introduction

Obstructive lung disease (OLD) is characterized by an obstruction in the air
passages, particularly at exhalation. Asthma and chronic obstructive pulmonary
disecase (COPD) are by far the most common conditions responsible for OLD.
The worldwide prevalence of OLD is on the rise. The WHO estimated that over
251 million adults had COPD alone in 2016, and - like most chronic conditions — it
mainly affected people >65 years old.! Additionally, asthma affected more than
339 million people in the same year.” The incidence of COPD will likely continue
to increase in the coming years due to the high prevalence of smoking and the aging
of the populations in many countries. It was estimated that 3.17 million deaths
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globally were caused by the disease in 2015 (5% of all
deaths around the world in that year).! In Italy, the pre-
valence of COPD among the elderly is estimated to be
around 13.3%, while the prevalence of asthma is around
2.9%.* Various studies also found that comorbidities are
common in patients with COPD, and they significantly
contribute to the healthcare burden, costs and mortality
associated with the disease.>” This means that, with the
predicted aging of the world’s population (the proportion
of those aged 60 years and over will nearly double from
2015 to 2050),® there will be a growth in the total burden
of COPD, and its associated comorbidities.” A study in the
Netherlands investigated comorbidities in the COPD popu-
lation, finding that almost all patients had one or more
comorbidities, and more than half of them had at least
four.'” In particular, the Dutch analysis identified hyper-
glycemia, atherosclerosis, hypertension, dyslipidemia, and
osteoporosis as the five most prevalent comorbidities.'”
The most frequent clusters of comorbidities in patients
with COPD were also identified and low-grade systemic
inflammation was mostly comparable among comorbidity
clusters.

The costs related to COPD worldwide amount to US$
2.1 trillion annually, and are expected to rise to $§ 4.8
by 2030."' COPD s
a considerable and growing economic burden on national

trillion responsible  for
healthcare systems: a recent Italian study found a total
mean annual cost per patient of €3291 in 2015, 20.8%
higher than had been estimated in 2008.'> Worldwide
healthcare costs related to asthma are also on the rise,
and, at the individual level, appear to be closely correlated
with comorbidities, age and asthma severity."

In the last few years, a number of studies have exam-
ined, validated and recommended new multi-dimensional
indices for assessing, managing and/or prognosticating
OLD and its comorbidities, and some have measured the
burden of the disease and its association with multimor-
bidity. However, most of those studies were carried out in
the United States, where the organization and funding
mechanisms of health services are quite different from
Europe. For instance, an American study on 20,296
COPD patients of various ages found that comorbid dis-
eases compounded the effect of the respiratory impairment
on all-cause mortality outcomes over a 5-year follow-up,
after adjusting for age, sex, race, smoking habits, educa-
tion level, and body mass index.'* The study also found
a significant interaction between comorbid disease,
respiratory impairment and hospitalization.'*

The aim of our study was to further investigate the
impact of comorbidities on healthcare service usage and
healthcare costs on a large cohort of elderly subjects
affected by OLD, based on real-world data in a country
with universal healthcare system.

Materials and Methods

Context

Italy has a public national health system that guarantees
access to treatment for all citizens, free of charge or against
payment of a fee depending on a patient’s income. The
system is administered by the regional authorities, and each
region is divided into several local health units (LHUs). The
data used for this study refers to the LHU “Azienda ULSS
6 — Euganea”, in Veneto Region, north-east of Italy, which
serves a population of about 932,000 individuals.

Study Design

This is a retrospective cohort follow-up study.

Inclusion Criteria

The inclusion criteria were the following: 1) to be resident
in the area served by the LHU “Azienda ULSS 6
Euganea”, 2) to be over 65 years old in 2017, 3) to have
been diagnosed with COPD or asthma according to data
collected and processed by the ACG system (see next
paragraphs). We decided to include patients diagnosed
with either one of these diagnoses because they were
often overlapping or difficult to tell apart using our admin-
istrative (non-clinical) database. This is mainly a result of
the similarity in the pharmacological classes of drugs used
to treat the conditions. Moreover, a differential diagnosis
between these two conditions is difficult even at the clin-
ical level,'”” and finally there is a lot of overlapping
between the two conditions among older subjects.” No
exclusion criteria have been adopted.

Identification of OLD and Comorbidities
The Adjusted Clinical Group (ACG)
a population risk stratification method used internationally

system s

to characterize multimorbidity on the strength of routinely
collected administrative data, which are pooled using
record linkage.'® This tool has been adopted in the
Veneto Region since 2012.'7"7

Based on healthcare resource usage, the ACG system
automatically collapses different ACG categories into 6

Resource Utilization Bands (RUBs), from 0 (“non-user”
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to 5 (“user with very high morbidity”). For the purposes of
the present study, only people over 65 years old in 2017,
with a diagnosis of COPD or asthma, residing in the area
served by the ULSS6-Euganea LHU, with and without
comorbidities, were considered. The diagnosis of OLD
and other chronic diseases were established using two
types of data from the ACG system:

e EDC (Expanded Diagnosis Clusters), which consists
of clinical diagnoses that the ACG system’s algo-
rithm assigns to single patients by combining differ-
ent information flows, including hospital discharge
records, outpatient visits, emergency department vis-
its, homecare facility records and diagnoses assigned
for exemptions from healthcare bills;

e Information available from pharmacy records, Rx-
defined morbidity groups (Rx-MGs), and the clinical
criteria used to prescribe medication to morbidity
groups. The Rx-MGs provide further ways to
describe the unique morbidity profile of a given
population and form the basis of pharmacy-related
predictive models, allowing for an improvement in
the sensitivity of the model.

In our dataset, EDCs were based on information collected
throughout a 5-year period before data extraction (2013—-
2017). Rx-MGs, on the other hand, were based on drug
prescriptions of year 2017 alone.

The selection of which set of comorbidities to include
is bound to be subjective to some degree, and to depend
strongly on the data available.”® This study focused on
a subset of conditions including: cancer; ischemic heart
fibrillation;
Alzheimer’s disease; depression; asthma/bronchitis; dia-

disease; atrial cerebrovascular  disease;
betes mellitus (DM); chronic obstructive pulmonary dis-
ease; osteoporosis; hypothyroidism; and chronic kidney
disease. In particular, cases of neoplastic disease,
Alzheimer’s disease, atrial fibrillation, and cerebrovascular
disease were only discernible from the EDC codes.
Patients were then assigned to one of 7 comorbidity
classes based on how many chronic conditions they had in

addition to OLD. (from “none” to “6 or more”)

Outcomes: Healthcare Service Use,
Healthcare Costs and Mortality

The main outcome measures are the number of healthcare

services provided to subjects (access to emergency care;

number of outpatient visits; number of hospital admis-
sions), total healthcare costs, pharmacy costs (i.e. the
cost for prescription drugs) and mortality. Costs and health
care service use were measured from the perspective of the
Veneto Region’s NHS using the ACG system’s data for
the year 2017. Each patient was linked to all administra-
tive data regarding their hospital admissions, day hospital
visits, drug usage, outpatient visits and diagnostic proce-
dures, and access to the emergency department (ED) in
order to compute the direct costs incurred over the year
2017. For each health care service type, only the direct
cost incurred by the regional public health service based
on the Veneto Region tariffs was considered. The database
also specified whether subjects were alive at the end
of year 2017: that information was used to extrapolate
mortality rates.

Statistical Methods

A descriptive analysis was conducted, estimating the
mean, median and standard deviation for continuous vari-
ables, and the absolute and relative frequency for catego-
rical variables.

The difference in median values for numerical vari-
ables that were not normally distributed was tested with
the Kruskal-Wallis or Friedman test. The presence of an
association between comorbidity classes and categorical
variables was tested with Pearson’s chi-squared. Using
Spearman’s test, we also checked the non-parametric cor-
relation between annual healthcare service usage and
healthcare costs on the one hand, and comorbidity classes
on the other. We tested the difference in crude death rate
for each comorbidity class with Pearson’s chi-squared.
A Poisson model was used to study the associations
between healthcare service usage as a continuous variable
and the number of comorbidities. To deal with the high
skewness of cost data we performed a GLM model with
Gamma distribution and logarithmic link. Patients with
zero cost were a restricted number, so we decided to
simply add them a symbolic cost of 0.01 € in order to
use the logarithmic transformation. The association
between mortality and number of comorbidities was tested
with a logistic regression model. All regression models
were adjusted for covariates as age and sex.

Ethical Issues

The data analysis was performed on anonymized aggre-
gate data with no chance of individuals being identifiable.
The study complied with the Declaration of Helsinki and
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with resolution No. 9/2016 of the Italian Guarantor for the
Protection of Personal Data, which also confirmed the
allowability of processing personal data for medical, bio-
medical and epidemiological research, and that data con-
cerning people’s health status can be used in aggregate
form in scientific studies.

Permission to use unidentifiable individual data extracted
from administrative databases was granted by the LHU
(ULSS 6 - Euganea). To ensure confidentiality and anonym-
ity, the Veneto Regional Authority removes all direct identi-
fiers (e.g. NHS code numbers) and replaces them with
a code number in all datasets to retain the opportunity to
link data from different administrative databases.

Results
In 2017,

a diagnosis of OLD in the Veneto Region served by the
LHU “ULSS6 — Euganea”. Table 1 shows the character-
istics of these patients. The mean age of the sample popu-

there were 37,915 elderly patients with

lation was 77.3 years old and 54.5% of them were female.
More than 76% had hypertension, and almost 38% had
lipid metabolism disorders. The average total annual per
patient healthcare cost was €4261.2. Table 2 shows the
distribution of their healthcare service usage, costs and
death rate by comorbidity class. All measured outcomes
differed significantly among different comorbidity classes.

Analyzing the distribution of OLD patients by number
of comorbidities, it emerged that the proportion of females
was higher than 50% for all comorbidity classes, except
for the no comorbidity class, where their proportion was
just 42.9%.

The analyses also revealed that all types of healthcare
service usage (e.g. access to emergency care; number of
outpatient visits; number of hospital admissions) corre-
lated significantly with comorbidity class. A significant
correlation was also found for total annual costs and phar-
macy costs with comorbidity class which increased stea-
dily with the number of comorbidities, from € 1158.84 in
the no comorbidities group up to € 9666.60 in the group
with 6 comorbidities or more.

Regression analyses (Table 3) showed that female
patients were associated with a lower healthcare resource
usage, lower healthcare costs, and a lower crude death rate
than males. The main differences concerned the costs
(with a difference of € 748.6 in total costs and € 23.6 in
pharmacy costs), and the number of hospital admissions,
outpatient visits, and ED visits. (with differences of 27%,
14% and 13%, respectively)

Table | Characteristics of the Study Sample with Obstructive
Lung Disease

Patients with BPCO 37,915
Sex % (n) | Female | 54.55% (20,684)
% (n) | Male 45.45% (17,231)
Age mean (xSD) 77.29 (£8,1)
RUB % (n) | | 77.33% (8.05)
% (n) | 2 11.58% (4389)
% (n) | 3 17.61% (6675)
% (n) | 4 47.58% (18,040)
% (n) | 5 14.43% (5470)
Cancer % (n) 14.88% (5641)
Arhythmia % (n) 19.35% (7338)
Cerebrovascular Disease % (n) 9.69% (3673)
Dementia and delirium % (n) 6.32% (2398)
Diabetes mellitus % (n) 19.41% (7358)
Lipid Metabolism disorders % (n) 37.82% (14,341)
Hypothyroidism % (n) 7.35% (2787)
Chronic kidney failure % (n) 4.05% (1537)
Hypertension % (n) 76.45% (28,986)
Congestive heart failure % (n) 30.47% (11,553)
Ischemic heart disease % (n) 13.88% (5262)
Depression % (n) 18.38% (6967)
Parkinson’s Disease % (n) 3.01% (1143)
Rheumatoid arthritis % (n) 1.79% (680)
Osteoporosis % (n) 36.86% (13,974)
Total Costs mean (xSD) 4261.20 (8155.30)
Pharmacy Costs mean (£SD) 1099.14 (3555.51)
Emergency department visits, mean (£SD) 0.51 (1.08)
No.
Outpatient visits, No. mean (£SD) 9.57 (10.61)
Hospital admissions, No. mean (xSD) 0.39 (0.86)

Regression analyses also revealed a significant increase
in healthcare service usage and costs with higher comor-
bidity classes, compared with OLD subjects with no
comorbidities. They showed rising total costs and phar-
macy costs for each comorbidity class compared to the
immediately lower one. The range set by confidence inter-
vals showed the cost increments were significant for every
single increase in number of comorbidities. Some overlap
was present for pharmacy costs, and yet the trend was very
clear. In fact, comparing subjects with no comorbidities,
even those with one comorbidity had significantly higher
pharmacy costs. For healthcare service usage, the Poisson
regression indicated that the number of ED visits, hospital
admissions and outpatient visits increased constantly and
significantly with comorbidity class. The logistic regres-
sion for mortality showed that patients with OLD and 6 or
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Table 3 Regression Analyses Between Dependent Variables (Healthcare Cost and Service Usage, and Mortality) and Comorbidity
Class, Adjusted for Sex and Age

Total Costs, GLM Model Coefficient 95% ClI p-value
Sex (reference: Male) Female —748,6 —913,7;-583,5 <0.001
Age 10,5 —0,26;0.21 0.0557
No. of chronic disorders in addition to COPD (reference: 0) | 905,9 525,5;1286,3 <0.001
2 1849 1477,8;2220,2 <0.001
3 2727 2353,6;3100,4 <0.001
4 4163 3775,3;4550,7 <0.001
5 5596 5181,9;6010,1 <0.001
6+ 8528 8113,1;8942,9 <0.001

Pharmacy costs, GLM model Coefficient 95% ClI p-value
Sex (reference: Male) Female -23,6 —28,59;-18,61 <0.001
Age —235,2 —-311,5;-158,9 <0.001
No. of chronic disorders in addition to COPD (reference: 0) | 298,3 124,0;472,6 <0.001
2 648 477,8;818,2 <0.001
3 952 780,7;1123,3 <0.001
4 1278 1099,8;1456,2 <0.001
5 1633 1442,4;1823,6 <0.001
6+ 1971 1779,7;2162,3 <0.001

No. of emergency department visits, Poisson regression Exp (Coefficient) - RR 95% ClI p-value
Sex (reference: Male) Female 0,87 0,84;0.89 <0.001
Age 1.01 1,01;1.02 <0.001
No. of chronic disorders in addition to COPD (reference: 0) | 1,24 1,15;1.32 <0.001
2 1,51 1,42;1.59 <0.001
3 1,78 1,70;1.86 <0.001
4 2,14 2,06;2.22 <0.001
5 2,55 2,47;2.64 <0.001
6+ 3,06 2,98;3.15 <0.001

No. of outpatient visits, Poisson regression Exp (Coefficient) - RR 95% CI p-value
Sex (reference: Male) Female 0,86 0,98;0.99 <0.001
Age 0.98 0,85;0.87 <0.001
No. of chronic disorders in addition to COPD (reference: 0) | 1,47 1,45;1.49 <0.001
2 1,98 1,96;2.00 <0.001
3 2,46 2,44;2.48 <0.001
4 3,01 2,99;3.03 <0.001
5 3,47 3,45;3.49 <0.001
6+ 4,32 4,30;4.34 <0.001

No. of hospital admissions, Poisson Regression Exp (Coefficient) - RR 95% ClI p-value
Sex (reference: Male) Female 0,73 0,70; 0.77 <0.001
Age 1,01 1,01; 1.02 <0.001

(Continued)
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Table 3 (Continued).
Total Costs, GLM Model Coefficient 95% ClI p-value
No. of chronic disorders in addition to COPD (reference: 0) | 1,66 1,52; 1.81 <0.001
2 2,58 2,44;2.72 <0.001
3 3,52 3,38; 3.65 <0.001
4 5,48 5,35; 5.62 <0.001
5 7,77 7,63; 7.90 <0.001
6+ 12,24 12,10; 12.37 <0.001
Mortality, Logistic regression Exp (Coefficient) - OR 95% ClI p-value
Sex (reference: Male) Female 0,64 0,55; 0.74 <0.001
Age 1,13 1,12; 1.13 <0.001
No. of chronic disorders in addition to COPD (reference: 0) [ 1,13 0,75; 1.51 0,52
2 1,76 1,40; 2.12 0,00196
3 2,25 1,90; 2.60 <0.001
4 3,28 2,93; 3.63 <0.001
5 4,82 4,47, 5.17 <0.001
6+ 7,46 7,11;7.80 <0.001

more comorbidities were 7,46 times more likely of dying
compared to patients with no comorbidities, after adjusting
for age and sex.

Discussion

The present study showed a clear correlation between the
number of comorbidities and the healthcare service usage
in a cohort of OLD patients. Moreover, the number of
comorbidities also affected both the total costs and phar-
macy costs for COPD patients, which raised significantly
with every rise in comorbidities count.

Gender Differences

The study found some evidence of gender disparities in the
sample OLD population analyzed, the proportion of
females being higher among those with at least one comor-
bidity. This seems to confirm the previously reported posi-
tive association between multimorbidity and female
gender.”! However, healthcare resource usage and expen-
diture, and the crude death rate were lower for women
than for men. The differences were seen on all major
outcomes of healthcare consumption: total healthcare
costs, pharmacy costs, and number of hospital admissions,
outpatient visits and ED visits. Further research is needed
to shed light on this discrepancy between women’s higher
number of comorbidities and lower healthcare resource
usage. One previous study found that spirometry was pre-
scribed less for women than for men.”> The importance of

sex as a risk factor for hospital readmissions due to
respiratory disease was investigated in another previous
study showing that — for COPD, pneumonia, pulmonary
edema, respiratory failure, bronchitis and asthma — male
patients had significantly higher odds of 30-day readmis-
sion than female patients.”® Previous research on gender
bias focused mainly on cardiovascular disease, where dif-
ferences in the treatment of male and female patients have
been clearly established.?*2® The literature on the under-
usage of diagnostic procedures for women with cardiovas-
cular disease has attributed this to the fact that this type of
disease, like COPD, has been traditionally associated with
men. This particularly applies to the case of the elderly,
where gender bias in the use of diagnostic and therapeutic
procedures is most pronounced.?**’

Gender differences in OLD also emerged when we ana-
lyzed the distribution of the most common comorbidities
associated with this condition. In fact, men accounted for
more cases of OLD associated with DM, hyperlipidemia,
hypertension and heart failure, while more women had
OLD associated with depression and osteoporosis. This is
consistent with a Spanish study conducted in 2010 adopting
the ECLIPSE method, which described females with COPD
as being more susceptible to osteoporosis and depression
than male COPD patients, but less liable to cardiovascular
disease and DM.?® In 2015, a Swedish study on a COPD
population found that men had more comorbidities than

. . 2
women, except for osteoporosis and depression.”’
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OLD Comorbidity, Total Healthcare

Costs and Pharmacy Costs
The total costs of healthcare for our OLD patients rose
incrementally with the number of concomitant medical
conditions, as seen in other studies and different healthcare
settings. A 2009 descriptive analysis of an American
COPD population reported higher total Medicaid costs
associated with more numerous comorbidities.*® Previous
research on COPD patients also found that comorbidities
made an important contribution to total costs,’' often
amounting to more than those of the respiratory condition
itself.*>* Confirming this, a previous study identified the
comorbidities as one of the main determinants of elevated
healthcare utilization in patients with COPD.* Another
study did not just confirm the increase in costs as comor-
bidities increase, but also identified specific comorbidities
among COPD patients that add significant burden with
higher health care resource utilization and costs, compared
to patients without these comorbidities.>® In particular,
congestive heart failure, coronary artery disease, and cere-
brovascular disease had the strongest associations with all-
cause hospitalizations, whereas chronic heart failure,
anxiety, and sleep apnea had the strongest associations
with COPD-related hospitalizations.>

As expected, pharmacy costs also rose incrementally
with comorbidity class. This result confirms a previous
report on multimorbidity in asthma, allergic conditions
and COPD, which highlighted multimorbid conditions
and polypharmacy — along with disease severity — as
major cost-multiplying factors.>®

OLD Comorbidity and Mortality

The distribution of crude death rates showed consistent
increases going from one comorbidity class to the higher,
in agreement with what was found in the literature.'**’
Logistic regression for mortality, adjusting for age and sex,
showed the increases in death rates were statistically sig-
nificant starting from two comorbidities on, whereas one
single comorbidity did not significantly increase mortality.
These findings are similar with the ECLIPSE study, even if
they revealed that also a single comorbidity had

a significant impact on mortality rate.*’

Strengths and Limitations

Being population-based, and using independently collected
data, this study could minimize any selection bias. It was
also based on real-world data, which can offer a reliable

picture of OLD patients’ actual healthcare costs and
healthcare service usage. On the other hand, grouping
together patients with different types of OLD, such as
asthma and COPD, may have resulted in missing distinct
patterns of associated comorbidities and use of healthcare
service. That is because of the peculiar nature of different
OLD in terms of etiology and pathogenesis. Moreover,
though large, our sample was limited to the population of
a specific area and might not be representative of other
geographical regions. Our use of administrative data may
also mean that some conditions were under-represented.
For instance, administrative data do not provide enough
information about other highly prevalent chronic condi-
tions, such as visual or hearing impairments, or chronic
pain, thus not allowing us to include them in our study.
Nonetheless, we consider the set of comorbidities included
to be a sufficiently good representation of subjects’ health
status, and the comparisons with the relevant literature
seem to back this up.

Conclusions

The present study based on real-world data indicates that
all types of healthcare service usage (ED, outpatient visits,
hospital admissions) and costs (total healthcare costs and
pharmacy costs) correlated significantly with the number
of comorbidities in OLD patients. The findings also high-
lighted some gender-related differences in the type and
number of such patients’ comorbidities, and the different
impact of male and female patients on healthcare costs and
healthcare service usage.

These findings point to the need for healthcare systems
to be able to focus on today’s aging and multi-morbid
population favoring a holistic approach, which takes social
and psychological dimensions into account as well. The
global burden of OLD and its associated comorbidities
cannot be addressed with the therapeutic option alone,
but prevention must be implemented, not only of COPD
and asthma but of its major comorbidities as well. This
poses challenges that can only find solutions in an over-
arching public health strategy that aims to prevent disease,
promote healthy lifestyles, slow down disease progression
and prevent acute events. The development of a stronger
primary healthcare seems to be a necessary step to
this end.
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