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Context
Spain & Nigeria





Multidisciplinary 
work



SUPER-specialization





Environment and health
Does it really affect us?



Mortality
5 CV RF ≈ 20%
DM2, HBP, DLP, BMI, smoking

1. https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
2. N Engl J Med. 2023 Aug 26;389(14):1273–1285. doi: 10.1056/NEJMoa2206916



Healthcare
Hero or villain?



FIRST, DO NO HARM

24/7

?



Healthcare impact
Carbon footprint

• Global warming
• 5-10% CF

Energy

• Great consumption
• Ex: refrigeration: 

110 coal power
plants

Waste

AIR
• PM 10: 122 MT
• NO2: 161,9 MT
• SO2: 167,3 MT

SOLID
• Labs: 2% plàstic
• Chemical products
• Paper and cardboard!!

LIQUID
Hospitals: 7% water consumption

Medical vs non medical waste

Material supply

Supply chain: 70% consumption E/CO2

85% non-hazardous

Ex - COVID 20 months
• 87000 tons protective equipment

Drugs and hazardous products

• 40% rivers with dangerous drug level 
concentrations

• Other: acidification, metals, etc.



Asthma
What about it?



Asthma

Inflammation

Obstruction

Exacerbations

PathogenesisPhenotypes

Prevalence 4,9%

Refractory 3,9%



Image: smart.servier.com

Edema de la vía aérea

Contracción del músculo liso bronquial

Hipersecreción de moco

Cambios estructurales

FEV1/CVF <0,7

Reversible airway obstruction



Personalized asthma treatment

RELIEVER : SABA or formoterol +/- ICS

+ LABA

Low dose ICS

Other medicines for chronic control: montelukast, teofiline, etc.  

↑Medium/high dose ICS

+ LAMA 

Biological drugs, etc.



Pressurized Dry powder Soft mist Nebulized

Inhalers



Inhalers
What about them?



Use of CFCs as 
propellant gases

1950s



CFCs and the ozone layer



Replacement of CFCs with HFA

HFAs do not deplete the ozone layer

but HFAs contribute to global warming

1990s-2000s

THE PROBLEM NOW: 2020s



Carbon footprint
The weight of the invisible



Greenhouse gases effect

freepik/brgfx

CO2, NO2

CH4, O3…
HFAs



Temperature projections for 2050



Global average temperature
1850-2025



Average number of heatwave days

https://lancetcountdown.org/2025-report-visual-summary/ Human development index: HDI



Heat strain
Thermoregulation

Vasodilation 
+ sweating
is exceeded

Ebi et al. 2021



Spectrum of heat health outcomes



Spectrum of heat health outcomes

https://ghhin.org/in-the-body/



Impact of climate on health

Reference: https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health



Drugs & heat

?



Chronic conditions
Atrial fibrillation:
- warfarin
- bisoprolol
- digoxin

Heart attack
- atorvastatin
- clopidogrel

DM2
- metformin
- empagliflozin
- sitagliptin

Depression
- sertraline

Insomnia
- diphenhydramine
- lorazepam PRN

Hypothyroidism
- Levothyroxine

Hypertension
- amlodipine
- enalapril
- hydrochlorothiazide



Which medicines can 
lead to complications 
in periods of heat?



Risk assessment
Atrial fibrillation:
- warfarin
- bisoprolol
- digoxin

Heart attack
- atorvastatin
- clopidogrel

DM2
- metformin
- empagliflozin
- sitagliptin

Depression
- sertraline

Insomnia
- diphenhydramine
- lorazepam PRN

Hypothyroidism
- Levothyroxine

Hypertension
- amlodipine
- enalapril
- hydrochlorothiazide

All of them!



Impact of medicines
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Heat-related mortality

https://lancetcountdown.org/2025-report-visual-summary/



High intensity heatwave events bring high acute mortality

2003 heatwave
70.000 excess deaths in Europe

Spain: 15090
https://ec.europa.eu/health/ph_projects/2005/action1/docs/action1_2005_a2_15_en.pdf



High intensity heatwave events bring high acute mortality
Mortality risk evolution

2023 2100

43.700

100.000

“In northern Europe, summers will be warmer, but not 

lethal. These regions will become more vulnerable to 

extreme heat due to ageing population”

García-León 2024



The case of respiratory diseases

• Pneumonia

• ARDS

• ILD

• Lung cancer

• CF

• Asthma

• COPD

• Chronic 
bronchitis

• Bronchiolitis

Adamkiewicz G et al. 2024.



The case of respiratory diseases

Reversal of the seasonality of 
mortality from respiratory 
diseases in Spain

Shift of the maximum 
monthly incidence from 
winter to summer

Achebak. 2020.



Han et al. 2022.

Heat & asthma



Han et al. 2022.

Extreme heat & asthma attacks



LB Hmida. 2025

Extreme heat: a trigger for exacerbations

Above 32,5ºC

20-40% increase
in asthma exacerbationseach 1°C rise



Direct effects 
& indirect effects



Mortality from Wildfire Smoke Exposure

https://lancetcountdown.org/2025-report-visual-summary/



Impact of Extreme Weather on Food Insecurity

https://lancetcountdown.org/2025-report-visual-summary/



Earnings Lost due to Heat-Related Reduction in Labour Capacity

https://lancetcountdown.org/2025-report-visual-summary/



Healthcare
Medicines & inhalers



Carbon footprint
& healthcare
• 5-10% of the total
• Global top: 5th country

Bosurgi. 2019



25-50% healthcare

Carbon footprint
of drugs and MDs

Marraud. 2023



30 kg CO2 300 km  = =

Pressurized metered-dose inhalers (pMDIs)
Impact of propellant gases (HFA): 1300 – 3350 eq. CO2

• 52% of inhalers are pMDI 
• 15 million units are dispensed per year
• 400.000 tonnes of CO₂ equivalent per year



What can we do?



Pressurized Dry powder Soft mist Nebulized

¿Should we switch inhalers?



Not as a general recommendation…

Patients with severe airflow limitation

1. DPI requires an inspiratory flow >30 L/min



Not as a general recommendation…
1. DPI requires an inspiratory flow >30 L/min

2. Technique is an important factor

1. Sanchis, J.; Gich, I.; Pedersen, S. Systematic Review of Errors in Inhaler Use Has Patient Technique Improved Over Time? Chest 2016, 150, 394–406; 2. https://www.taitest.com/ 3. Garin et al. Clinical Impact of Electronic Monitoring Devices of Inhalers in Adults with Asthma or COPD: A Systematic Review and Meta-Analysis. Pharmaceuticals 2023, 16(3), 414;

Correct technique in  1/3 of cases

• Consider coordination + patient preferences

• Review periodically

Correct adherence in 50% of cases

• ↓ adherence: ↑morbimortality + ↑ use of healthcare services

• Assess at each visit: TAI and/or medication dispensing records

https://www.taitest.com/


Not as a general recommendation…
1. DPI requires an inspiratory flow >30 L/min

2. Technique is an important factor

3. Some patients prefer / achieve better control with pMDIs

• Variability in preferences

• Inhaler tailored to the patient:
• Better control

• Reduced exacerbations

• Lower corticosteroid use

• Improved adherence

1. Nakanishi Y, Iwamoto H, Miyamoto S, Nakao S, Higaki N, Yamaguchi K, Sakamoto S, Horimasu Y, Masuda T, Matsumoto N, Nakashima T, Onari Y, Fujitaka K, Haruta Y, Hamada H, Hozawa S, Hattori N. Association Between Patient Preference for Inhaler Medications and Asthma Outcomes. J Asthma Allergy. 2022;15:1539-1547
2. Schreiber, J., Sonnenburg, T. & Luecke, E. Inhaler devices in asthma and COPD patients – a prospective cross-sectional study on inhaler preferences and error rates. BMC Pulm Med 20, 222 (2020). https://doi.org/10.1186/s12890-020-01246-z
3. Navaie M, Dembek C, Cho-Reyes S, Yeh K, Celli BR. Inhaler device feature preferences among patients with obstructive lung diseases: a systematic review and meta-analysis. Medicine. 2020;99:25(e20718).

https://doi.org/10.1186/s12890-020-01246-z
https://doi.org/10.1186/s12890-020-01246-z
https://doi.org/10.1186/s12890-020-01246-z
https://doi.org/10.1186/s12890-020-01246-z
https://doi.org/10.1186/s12890-020-01246-z
https://doi.org/10.1186/s12890-020-01246-z
https://doi.org/10.1186/s12890-020-01246-z


Not as a general recommendation…
1. DPI requires an inspiratory flow >30 L/min

2. Technique is an important factor

3. Some patients prefer / achieve better control with pMDIs

4. Rescue medication: pMDI



Solutions?



1. Prevention



Smoking

Risk factor
Worse control
Risk factor for exacerbations
Poorer disease progression

Guía GEMA 5.5. 2024; Guia GOLD 2024 

Main cause
Poorer control

Main prognostic factor
Frequency of exacerbations

COPD Asthma

• Production accounts for 0.2% of global CF
• Inhaler use and other issues



Pollution

• ↑ Prevalence, ↓control, ↑ symptoms and mortality
• ↑ Use of inhalers

Oxidative
stressAir pollution ImmunityInflammation

Huan Minh Tra, 2023



2. Asthma management



Inhaler technique
• Correct technique: 1/3 patients
• Consider: coordination, lung capacity, types, chambers, etc.
• Education + individualization +/- chambers

1. https://www.asthma.org.uk/advice/inhaler-videos/ 2. http://medicaments.gencat.cat/web/.content/minisite/medicaments/ciutadania/tractaments/Inhaladors/checklist_inhaladors_ESP.pdf

https://www.asthma.org.uk/advice/inhaler-videos/
https://www.asthma.org.uk/advice/inhaler-videos/
https://www.asthma.org.uk/advice/inhaler-videos/
http://medicaments.gencat.cat/web/.content/minisite/medicaments/ciutadania/tractaments/Inhaladors/checklist_inhaladors_ESP.pdf
http://medicaments.gencat.cat/web/.content/minisite/medicaments/ciutadania/tractaments/Inhaladors/checklist_inhaladors_ESP.pdf


Adherence to inhalers
What are we talking about?
• 50% approx. 
• 37% of prescriptions are not collected

1. Wilkinson, 2021; 2. https://www.taitest.com/

Assessment:
• TAI: inhaler adherence test
• Nº dispensations, other.

Relationship with disease control (use of inhalers)
SABAs pMDI in Italy, Spain, France, Germany and the UK: 1.791.312 T CO2-eq/year

OTHER: improve diagnosis, follow-up…



3. Reducing
the impact of inhalers



Switching propellants

1. Woodcock, 2022; 2. De Boer 2024.

HFA GWP t1/2

HFC-227ea 3350 34,2 years

HFC-134a 1300 14 years

HFC-152a 138 1,5 years

HFO-1234ze(E) <1 18 days



BUT...
HFC-152a
• Still some CF
• Capacity to transform into 

PFA in the environment?

HFO-1234ze(E)
• Chemically PFAs

PFAS: Per- and polyfluoroalkyl substances

FOREVER CHEMICHALS
with potential harmful health effects

Need of more information?



If the propellant were inert, 
would it still be a problem?







Not only carbon footprint...

Jeswani. 2019



pMDI manufacturing

Jeswani. 2019



DPI manufacturing

Jeswani. 2019



Example: materials

Jeswani. 2019



Other ways of reducing the impact:

Lower dose pMDI for tests

Reusable inhalers



4. Waste management



Propellants and more...
Plastic Metal Paper-carboard

Deforestation
Energy 

consumption

Health effects

Slow degradation



Impact of 
plastics



Effects of
deforestation

Ellwanger et al. 2020.



Raabe et al 2022.

Recycling Aluminium  
reduces energy consumption 
and GHG emissions by > 90%

Metals



5. Sustainable
prescription



Sustainable prescripton

Clinical
aspects

Patient’s
opinión

Sustainable 
aspects

BEST
option



6. Regulatory aspects



INTERNATIONAL OBJECTIVE:
Limit global warming to 1.5°C

↓ fluorinated gas emissions by 90% 
by 2050 compared with 2015 levels

https://eur-lex.europa.eu/resource.html?uri=cellar:ecf2b875-b59f-11ec-b6f4-01aa75ed71a1.0016.02/DOC_1&format=PDF



REGULATION (EU) 2024/573

https://www.boe.es/doue/2024/573/L00001-00067.pdf



Pressurized Dry powder Soft mist Nebulitzed

Alternatives ... not always clinical alternatives
... all have potential environmental impact



OUR INITIATIVES



360

Gestión del impacto ambiental de los inhaladores desde la Farmacia Hospitalaria



Sustainable use of inhalers

Sustainable
prescription

Patient 
participation

Healthcare 
management



Aimed to develop a resource that supports sustainable prescribing

Database of environmental impact of inhalers in Spain 

Decision-making algorithm based on patient characteristics 

Scenarios — projections 

Sustainable prescription



Search 
ATC R03 

Environmental impact database of inhalers in Spain

Database
190 inhalers

Contact to
24 laboratoris

Algorithm for
additional data

•Carbon footprint
• Total
• Life-cycle stages

•Other variables (n=9)



Total carbon footprint

100% 21%

Life-cycle stages CF Other variables

7,5%

Environmental impact database of inhalers in Spain



1

1. Rescue/maintenance; 2. Inspiratory capcity; 3. Onset; 4. Coordination; 5. Opinion

2

3

4

5

Decision-making algorithm for sustainable prescribing



In clinically appropriate cases and in agreement with the patient:

Switch pMDI → DPI/SMI does not affect asthma control

Woodcock 2022

Avoid changes without patient agreement

Decision-making algorithm for sustainable prescribing



Scenario
projections



Framework for 
sustainable
prescription
practices in Spain



Aimed at contributing to the management of inhalers in 
order to minimize their environmental impact through:

Exploring the prevalence of correct disposal at the SIGRE collection point

Evaluating the factors related to better waste management 

Improving patient management and assessing results

Empowering healthcare professionals

GIMAFH project: 40 hospitals



Waste 
processing

Waste management

Need of patients’ 
participation

How do we achieve this?



What we did
Multicenter, multidisciplinary, prospective project in patients with AGNC

Phase 1

Inclusion 
+ EHR variables

Questionnaire Education
Environmental 
re-assessment

Phase 2





>50% 
pacients believe inhalers have less
impact than other medicines

Results (preliminary data)



Results (preliminary data)

Awareness of medication
disposal programme

83% 65%

Medicines disposal at 
pharmacy collection points

Inhaler disposal at 
pharmacy collection points

37%



Results (preliminary data)

After the education
intervention… 

ALL environmental
behaviours improved



Differences in national
collection programs

Context

Kardas et al. 2026.



Aimed at lowering emissions due to intra-hospitalary waste

Assessing yearly emissions due to inhalers used in the hospital

Evaluating possible improvements in a multidisciplinary team

Implementing a hospital-level inhaler waste management system

Reducing hydrofluorocarbon emissions generated in the hospital

GIMAFH project: pilot project



Spirometries and other tests:
• Discarded inhalers after 1-4 puffs

Single-hospital pilot project

Emergency/admitted patients
• Discarded after improvement



341 T CO2/year 
emissions prevented

Single-hospital pilot project

Hospital-generated waste
NEW workflows



Conclusions



Inhalers have a major impact on the environment

Products need to be adapted, including HFAs, manufacturing, etc.

A selection algorithm based on clinical criteria is essential

Selection has a greater impact and complements recycling

(Some) conclusions

Multilevel approach: prevention, management, legislation, etc.



Thank you
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