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OBJECTIVES: Older patients with asthma or chronic obstruc-
tive pulmonary disease are particularly susceptible to exacer-
bations that may be associated with incorrect use of inhalers.
Educational programs with inhaler technique review seem to be
effective, but no studies have addressed their cost-effectiveness
in older adult patients.
The objective was to perform a cost-effectiveness analysis of
education programs in older patients and estimate the cost
benefit of applying such a program in Portugal.
DESIGN: We developed a decision tree analysis from a
healthcare perspective, according to intervention costs and the
exacerbation rates and costs described in a previous meta-
analysis. A sensitivity analysis of worst and best case scenarios
was performed to estimate thresholds for intervention afford-
able limits, as well as cost-saving estimations and incremental
cost-effectiveness ratios (ICERs) for a Portuguese scenario.
SETTING AND PARTICIPANTS: We estimated cost-effec-
tiveness thresholds applicable in all settings and performed
a sensitivity analysis of a theoretical intervention model in
all patients including an inhaler technique review at an annual
appointment with a doctor and a nurse.
RESULTS: In the best case scenario, the intervention afford-
able budget could be up to almost 1800€ (US $1585.24) per
patient per year. Mean intervention-associated savings in

Portugal would be 311.88€ (US $274.68) per patient per
year, representing annual savings up to €131 million
(US $150 million) for the whole health system, already
including intervention costs. ICERs for Portugal vary
between 93.73€ (US $82.55) and 437.43€ (US $385.25) per
exacerbation avoided.
CONCLUSION: A model of an intervention program with
an inhaler technique review in older adult patients suggests
that this intervention is cost-effective and can generate sig-
nificant savings. J Am Geriatr Soc 67:1430–1436, 2019.
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Respiratory diseases are one of the main causes of death
worldwide. Asthma and chronic obstructive pulmo-

nary disease (COPD) affect up to 10% of the population.1

Inhaled therapy is the main treatment pathway used, but
most patients use devices incorrectly, frequently with critical
errors, thereby contributing to poor clinical control and
increased risk of exacerbations.2–5 In addition, many studies
showed that poor clinical control also leads to increased
costs in health services.6–9 However, true estimates of the
burden due to asthma and COPD are unavailable because
direct and indirect costs are difficult to quantify, and differ-
ent parts of the world report different estimations.

Significant evidence shows that educational programs
for asthma and COPD may be effective in terms of clinical
improvement,10–14 but few have addressed inhaler tech-
nique review alone. In addition, strong evidence supports
the cost-effectiveness of those programs, although the
reported results show a broad range of annual cost savings
with interventions, ranging from 200€ (US $176.17) to
2000€ (US $1761.70) per patient.15–20 In Portugal, acute
care and exacerbations-associated annual costs are estimated
between 330€ (US $290.69) and 8000€ (US $7047.30) per
patient,7,21 but no study has yet evaluated the cost-effectiveness
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of a conceptualized national education program for asthma
and COPD.

Portugal has one of the oldest populations in Europe,
and older adult patients tend to have a poor quality of life.22

Also, respiratory diseases represent the second leading cause
of death in these patients.23 Older patients with asthma or
COPD are particularly susceptible to poor disease control
and exacerbations,24,25 due to particular characteristics such
as increased comorbidities, poor adherence to treatment, and
inadequate inhaler technique.26–28 Nevertheless, a recent
meta-analysis showed that educational interventions of inhaler
technique review in older patients significantly reduced the
risk of exacerbations, with a pooled risk reduction of 29%.29

These are patients who may benefit most from educational
interventions. This reported effectiveness was not previously
described in younger patients.30,31

However, as far as we know, no cost-effectiveness
study has been published that has analyzed educational
interventions in older patients. Decision analysis and cost-
effectiveness analysis are useful tools that integrate evidence
in specific context conditions to address a specific decision
problem.32 Developed countries face the need to reduce
health costs and maximize clinical benefits from interven-
tions. Thus one major strategy is to identify the most cost-
effective subgroups of patients.

We hypothesized that a simple intervention (review of
inhaler technique) would result in a slight increase in inter-
vention costs but also in a decrease in direct costs of exacer-
bations, resulting in overall healthcare costs savings in a
model for older patients with asthma or COPD. Thus our
study aims to determine, in accordance with the main
results reported in the previous meta-analysis, the cost-
effectiveness of educational interventions including inhaler
technique review in older patients with asthma or COPD.

METHODS

Study Design and Framework

We developed a standard cost-effectiveness analysis, based
on a decision tree approach33 and in accordance with CHEERS
recommendations (Supplementary Appendix S1).34 Our aims
were to perform estimations of treatment-affordable thresh-
olds and according to exacerbation costs in older patients.
In addition, we performed estimations of cost savings and
incremental cost-effectiveness ratios (ICERs) for a Portu-
guese scenario, according to local costs of a theoretical inter-
vention program.

Sources of Data

We used data from previously published studies on exacerba-
tion costs, exacerbation rates, and local costs for intervention
on inhaler technique review to determine cost-effectiveness
ratios. According to a previously published meta-analysis,
interventions that include inhaler technique review in older
patients with asthma or COPD reduce exacerbation rates
from 0.58 to 0.43 (number of exacerbations per patient per
year). Absolute mean reductions of exacerbation rates range
from 0.07 to 0.22, in worst and best case scenarios and
according to 95% confidence interval (CI) limits.29 In addi-
tion, exacerbations and acute medical care, alone, represent

annual costs between 330€ (US $290.69) and 8000€
(US $7047.30) per patient.7,21 A more recent estimation for
COPD in Portugal points out annual costs of 2250€
(US $1982.04) per patient.35 Due to the wide range of
values, we used all these references to estimate scenarios for
the best case, worst case, and mean estimation.

Base-Case Definition

The base-case population of our analysis were older patients
with asthma or COPD because these patients are more sus-
ceptible to poor clinical control and exacerbation risks. This
is a healthcare payer’s perspective study in which only direct
costs were considered because indirect costs and each
patient’s own costs were not reliably available. We did not
consider medication costs in the different stages of disease
management either. Two types of costs were calculated, the
intervention costs and the exacerbation costs, which were
assigned to the decision tree analysis. This model assumes
the previously reported exacerbation risk reduction, as well
as the costs associated with each exacerbation. We also per-
formed sensitivity analysis to assess uncertainty regarding
thresholds of intervention cost-effectiveness, using reported
95% CI limits to estimate worst and best case scenarios.

Intervention

Different intervention programs were tested in these patients
in previous studies, with a wide variety of aspects addressed.
Most interventions addressed inhaler technique review, self-
management tools, and functional control, and almost all
studies performed it only at baseline of the follow-up period.
In addition, interventions were delivered by different health
professionals such as doctors, nurses, and pharmacists.29 For
that reason, we developed a conceptual intervention program
with annual control appointments by a doctor and a nurse.
Each appointment would require a 20-minute evaluation to
perform inhaler technique review and to assess clinical con-
trol and lung function through spirometry.

Setting

Due to inherent difficulties in specifying different aspects
of interventions (inhaler technique review, self-manage-
ment strategies, lung function evaluation, etc), the costs of
such programs were calculated as a whole, considering
health professionals’ salaries in 2017 based on the official
values defined by the Portuguese Central Administration
of Health System, as well as spirometry costs.7 All costs
and outcomes were expressed as additional factors to the
main comparator, which was Usual Care. We used Usual
Care as the main comparator because it was the reference
control reported in most studies that was included in the
previous meta-analysis.29 The time frame in the base-case
analysis was 1 year because exacerbation rates were
reported that way. No discount rates were considered in
cost estimation.

Outcome Measures

We used a synthesis-based estimate to define outcome mea-
sures that included exacerbation rates, cost per exacerbation,
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and thresholds of cost-effectiveness for the designed interven-
tion program. All cost estimations were used according to
2017 references, in euros (€). Exacerbation costs were con-
sidered as a whole in mean estimations, regardless of the type
of treatment or management that is usually provided to
patients. For that reason, some types of clinical interventions
provided for the management of exacerbations could be
the same as those provided in our theoretical intervention
program. However, that would not hamper the ability to
compare them as a conceptual framework for the cost-
effectiveness analysis.

Figure 1 shows the decision tree used in the model. The
resulting equation for cost-effectivity balance is the follow-
ing one (where EC = Exacerbation costs; IC = Intervention
Costs; PIR = Probability of exacerbation under Inhaler
Technique Review; and PUC = Probability of exacerbation
under Usual Care):

Expected Value InhalerReviewð Þ =Expected Value Usual Careð Þ
EC + ICð Þ× PIR½ � + IC× 1−PIRð Þ½ � = EC×PUCð Þ + 0× 1−PUCð Þ½ �

IC =EC× PUC−PIRð Þ

Table 1 summarizes all data considered in parameters
assigned to cost estimations. Using the model assumptions
presented in Figure 1, we estimated the affordable limits for
intervention costs at mean values and at worst and best case
scenarios. Worst case scenario was estimated using the
95% CI lower limit of probability of exacerbation under
Usual Care and 95% CI upper limit of probability of exac-
erbation under Inhaler Technique Review intervention. Best
case scenario was estimated using the 95% CI upper limit
of Probability of exacerbation under Usual Care, and 95%
CI lower limit of Probability of exacerbation under Inhaler
Technique Review intervention. Mean estimation was obtained
with the respective mean values.

Cost-saving estimation for Portugal was also obtained
according to worst and best case scenarios. In the worst case
scenario, we used the lower limit of reported exacerbation cost,
the worst case estimation of intervention cost and worst case
estimation of risk difference (the difference between exacerba-
tion risk of Inhaler Technique Review group and Usual Care
group). In the best case scenario, we used the upper limit of
reported exacerbation cost, the best case estimation of inter-
vention cost, and the best case estimation of risk difference.

Figure 1. Decision tree model to compare Usual Care vs Inhaler technique review intervention. EC, Exacerbation costs; IC, Inter-
vention costs; PIR, Probability of exacerbation under inhaler technique review; PUC, Probability of exacerbation under Usual Care.

Table 1. Input parameters used in the model

Parameter Value 95% CI lower limit 95% CI upper limit Reference source

Annual exacerbation rate
• Usual care 0.58 0.54 0.62 29
• Inhaler technique review 0.43 0.40 0.47 29

Parameter Mean estimation Best case estimation Worst case estimation Reference source

Intervention costs, € (US $)
• Doctor (20-min intervention once/year)a 7.25€ (US $6.39) 4.10€ (US $3.61) 10.40€ (US $9.16) c

• Nurse (20-min intervention once/year)b 4.45€ (US $3.92) 2.60€ (US $2.29) 6.30€ (US $5.55) c

• Control spirometry 13.92€ (US $12.26) 13.92€ (US $12.26) 13.92€ (US $12.26) 7
TOTAL 25.62€ (US $22.56) 20.62€ (US $18.16) 30.62€ (US $26.96)
Exacerbation costs, € (US$)
Cost per patient 2250€ (US $1982.04) 330€ (US $290.69) 8000€ (US $7047.30) 7, 21, 35

CI = confidence interval; € = 2017 Portuguese euro; $ = US dollar.
aMean salary of a doctor for each hour ranges from 12,22€ (US $10.76) to 31,13€ (US $27.41).
bMean salary of a nurse for each hour ranges from 7,90€ (US $6.96) to 18,80€ (US $16.55).
cBased on official values defined by the Portuguese Central Administration of Health System.
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RESULTS

Cost-Effectiveness Estimation and Sensitivity Analysis

Our analysis estimated the cost-effectiveness thresholds for
intervention costs affordable limits per patient per year.
Figure 2 presents these results in the range of exacerbation
costs between 0€ (US $0) and 8000€ (US $7047.30). The
respective estimation equations are as follows: (where EC =
Exacerbation costs; IC = Intervention Costs; PIR = Probabil-
ity of exacerbation under Inhaler Technique Review; and
PUC = Probability of exacerbation under Usual Care):

Worst case scenario: [95% CI lower limit of PUC and
upper limit of PIR].

IC =EC× 0:54−0:47ð Þ < = > IC =0:07×EC:

Mean estimation scenario: [mean PUC and mean PIR]

IC =EC× 0:58−0:43ð Þ< = > IC = 0:15×EC

Best case scenario: [95% CI upper limit of PUC and
lower limit of PIR]

IC =EC× 0:62−0:40ð Þ< = > IC = 0:22×EC

In the best case scenario of intervention effectiveness
and with exacerbation costs at the reported upper limit, the
intervention affordable budget could be up to almost 1800€
(US $1585.24) per patient per year. The more exacerbation
costs increase, the higher the affordable limit rises to develop
an intervention program.

Cost-Effectiveness Estimations for a Portuguese Scenario

Cost-saving estimations for Portugal were obtained considering
mean values, worst and best case scenarios, and according to
variations between exacerbation annual costs that range from
330.95€ (US $291.54) to 8000€ (US $7047.30) per patient.
These reported costs concern the global population but were
used here to estimate savings for older patients. The main

equations used to estimate cost savings were as follows (where
EC = Exacerbation costs; IC = Intervention costs; and RD =
risk difference between Inhaler Technique Review and
Usual Care):

Worst case scenario:

Estimation Savingsworst−case = ECbest−case ×RDworst−caseð Þ
−ICworst−case

Estimation Savingsworst−case = 330:95× 0:07ð Þ−30,62
Estimation Savingsworst−case = −ð Þ7,45

Mean estimation:

Estimation Savingsmean = ECmean ×RDmeanð Þ−ICmean

Estimation Savingsmean = 4165:48× 0:15ð Þ−25,62
Estimation Savingsmean =599:20

Best case scenario:

Estimation Savingsbest−case = ECworst−case ×RDbest−caseð Þ
−ICbest−case

Estimation Savingsworst−case = 8000× 0:22ð Þ−20,62
Estimation Savingsworst−case =1739,38

Considering data from exacerbation risk difference
reported for older patients, we estimated mean annual sav-
ings of 311.88€ (US $274.68) per patient for an intervention
program in Portugal. We found a wide interval between
worst and best case scenarios, ranging from an annual nega-
tive balance of minus 7.45€ (US $6.56) and a positive budget
of 1739,38€ (US $1532.09) per patient. However, consider-
ing the reported difference in annual costs associated with
clinically well-controlled patients and clinically uncontrolled
patients, which is about 469.42€ (US $413.47),7 the worst
case scenario increases to a positive balance of 2.24€
(US $2.13) per patient/year.

Approximately 2,2 million older adults live in Portugal.
Thus considering an overall 10% combined prevalence of
asthma or COPD,1 the mean estimation for effectively imple-
mented interventions in this age group could theoretically

Figure 2. Cost-effectivity thresholds according to exacerbation costs. Lines represent the intervention costs affordable limit scenar-
ios according to exacerbation proportions of 95% confidence interval (CI) lower limit, mean estimation, and 95% CI upper limit.
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represent a total annual savings of €131 million (US $150
million) for the Portuguese national health system, and this
estimation already includes all the intervention costs.

Incremental Cost-Effectiveness Ratio Estimations for a
Portuguese Scenario

ICER was estimated for worst and best case scenarios, and
according to upper and lower limits of intervention costs
and risk difference. Incremental effectiveness was estimated
according to the number of prevented exacerbations.
Figure 331 represents ICER for Portugal at worst case and
best case scenarios that vary between 93.73€ (US $82.55)
and 437.43€ (US $385.25) per exacerbation avoided. The
min equations used were as follows (where IC = Interven-
tion costs; and RD = risk difference between Inhaler Tech-
nique Review and Usual Care):

At worst case scenario:

ICERworst case =
ICworst case

RDworst case
=
30:62
0:07

= 437:43

At best case scenario:

ICERbest case =
ICbest case

RDbest case
=
20:62
0:22

= 93:73

DISCUSSION

Our results show that interventions that include inhaler
technique review to improve clinical control in older
patients with asthma or COPD may be cost-effective and
may generate significant savings from the perspective of the
healthcare provider.

This is the first study showing that these interventions
could save up to several hundreds of million euros in
Portugal. Also, this is the first study establishing thresholds
for affordable budget interventions that can be adopted
worldwide according to exacerbations costs. Moreover, as
exacerbations costs get higher, affordable limits for inter-
vention budget also increase. These thresholds may apply to

other healthcare systems because they are based on world-
wide data of exacerbation rate variations and are unaffected
by local health costs. In a simple approach, healthcare sys-
tems may invest in interventional programs up to 22% of
total exacerbation costs to be cost-effective.

The intervention costs and exacerbation costs used
were based on data from Portugal and might differ from
costs in other countries that might lead to different cost-
saving estimations. However, when actually compared with
reports from other countries, our study found similar mean
savings with interventions in the Portuguese scenario, which
reinforces the generalizability of our findings. In addition,
most previous reports used a standard cost-effectiveness
model, which was also our approach.15–19 However, simi-
larly to these reports, we also found a very wide range of
plausible values, which could be due to uncertainty of esti-
mation of exacerbation costs and difficulty in establishing
the true costs of intervention programs.

More recent studies have estimated less savings with
interventions,15,16 which could be due to various reasons.
First, because these studies mostly included adult patients in
the base-case analysis, without focusing on older patients.
Second, they mostly included COPD patients, who have
irreversible airway obstruction and an increased risk of
exacerbations. In asthma patients, inhaled medication, such
as inhaled corticosteroids, is more effective. Finally, the
observed discrepancy may also be due to different country
settings and their respective costs. In contrast, we focused
our analysis mainly on older patients because they tend to
have higher exacerbation rates and are probably more sus-
ceptible to the benefits of interventions.24,25,29 This approach
may have improved our findings. These patients also have
more comorbidities and drug interactions that can increase
costs of exacerbations and worsen disease control. More-
over, exacerbations may not only lead to direct costs of addi-
tional treatment and/or hospitalizations, but there is also
evidence that they result in significant lung function decline
and thus in a tremendous loss in overall functions, such as
increased frailty and cognitive impairment.36,37

Our study has some limitations. First, we were not able
to estimate and obtain indirect costs, mainly those regard-
ing the patients’ perspective, because exacerbation costs

Figure 3. Incremental cost-effectiveness ratio (ICER) for Portugal at worst case and best case scenarios according to lower and upper
limits of Intervention Costs and Risk Difference. Incremental effectiveness was estimated according to number of prevented exacerbations.
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were uncertain in the available literature. In addition, exac-
erbation rates in these older patients may also be imprecise
because the meta-analysis we used as the basis for our work
included relatively few studies.29 Lastly, we could not per-
form a cost-utility analysis based on quality-adjusted life
years, due to the scarcity of available data. We accept that
such analysis would probably reinforce the clinical rele-
vance of our findings.

We found that the worst case scenario for cost savings
could represent a slight negative balance, but that could be
underestimated. In fact, for that estimation we used data from
a Portuguese study on asthma,7 but we only considered acute
medical care costs that represent about 40% of patients
included. However, the real prevalence of exacerbations in
older patients is slightly higher. In addition, using the real dif-
ference in annual costs between controlled and uncontrolled
patients (about a 469.42€ increase [US $413.47]), our worst
case scenario turns to a positive balance.

Another important aspect to consider is the interven-
tion conceptual program itself. In fact, the mean follow-up
period of previous interventional studies is wide, varying
from 312 up to 24 months,14 and none of those studies
tested a regular inhaler technique review. Further studies
should be designed to test how often and for how long the
intervention is needed to maintain effectiveness because evi-
dence indicates that inhaler technique review is lost after
some time.38,39 Other features may also affect exacerbation
risk and progressive lung function decline, such as the
choice of the type of inhaler, the use of multiple devices,40

or even the choice of drugs or the combination of drugs
because newer combination inhalers may make a difference
in outcome.24,25

Finally, it is notable that interventions in these patients
should include several aspects of disease control, such as
self-management plans and inhaler technique review. This
is particularly relevant because most interventional studies
included in a previous meta-analysis covered other features
in addition to inhaler technique review.29 In addition, most
of those studies measured adherence as an outcome, rather
than inhaler technique performance, an important aspect to
be taken into account, because it may bias the result of
intervention effectiveness. Better adherence to inhaler ther-
apy does not necessarily mean better inhaler technique per-
formance, which should be clarified in future studies. Also,
improving adherence seems to be related to decreased exacer-
bation risk12,13 that may be independent of inhaler technique
performance.3,41,42 Adherence may also be an important
aspect to consider in terms of cost estimation because it also
affects medication costs.43 Here, medication costs were not
considered as a subset, although cost estimations included
them in the main source. Medication costs may decrease
due to better inhaler technique because as clinical control
improves, other concurrent therapies are needed less often
(such as oral corticosteroids or antibiotics), and the optimal
inhaled dosing may also be reduced. Those aspects were
not considered in our analysis.

However, it is difficult to ascertain the cost-effectiveness
of such aspects alone, mainly the impact of inhaler technique
review, which was noted as a key point in previous work by
others.15

In conclusion, intervention programs in older patients
with asthma or COPD seem to be cost-effective and may

generate significant savings in Portugal. Also, the affordable
limits for intervention costs are wide and augmented as
exacerbation costs increase.

Intervention programs should embrace different dimen-
sions such as self-management tools and inhaler technique
review, which should be considered before changing or add-
ing new treatment options.
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