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ABSTRACT

Non-steroidal anti-inflammatory drugs (NSAIDs) continue to be amongst the most frequently used
pharmaceutical treatments for mild to moderate musculoskeletal pain globally. In this short communi-
cation, we continue to expand the growing field of environmental physiotherapy by tracing NSAIDs
journey through aquatic ecosystems, and the potential of physiotherapy to mitigate these negative
environmental impacts and so contribute to achieving a range of UN Agenda 2030 Sustainable
Development Goals and the aspirations of One Health. Through metabolic excretion into waterways,
NSAIDs negatively impact the health and survival of various aquatic lifeforms, which, in turn, has con-
sequences for human health. By reducing and delaying the need for pharmacotherapy for mild to
moderate musculoskeletal pain, physiotherapy presents an important sustainable healthcare solution.
Beyond this, however, the ecological persistence of NSAIDs also underscores the need for transforma-
tive change in healthcare and physiotherapy, towards the full recognition of the interconnected nature
of human, animal, and ecosystems health and the complex questions and responsibilities this raises.
For this, we need to increase our understanding of the entangled nature of health and its negotiation
with human and non-human others and develop approaches to include them in our thinking, pursuit,
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and practice of health and care.

NSAIDs circular impacts on human and aquatic
health

Non-steroidal anti-inflammatory drugs (NSAIDs) like diclofe-
nac, ibuprofen, and naproxen are amongst the most fre-
quently used pharmaceuticals used as the first line of
treatment for mild to moderate musculoskeletal pain around
the world. They are also among the top 10 persistent pollu-
tants, accounting for more than 15% of all pharmaceuticals
detected in aquatic environments [1-3]. With the growing
need to deliver more sustainable healthcare with better
effects for human health and fewer harmful consequences
for the environment, continued use of NSAIDS for musculo-
skeletal pain is ever more questionable [4].

As orally consumed pharmaceuticals, NSAIDS are ingested,
metabolised, and excreted from the human body (with
excretion rates ranging from 5 to 39% mL/min for ibuprofen
and diclofenac respectively) before arriving in sewage plants.
Due to its accessibility and mass consumption, for example,
ibuprofen concentrations in influent wastewater have been
recorded to reach between 5.78 and 1673 mg/L, naproxen
concentrations have been recorded to reach between 7.6
and 33.9mg/L in various countries, and diclofenac concentra-
tions ranging from 0.19 to 750ng/L [5-7]. Critically, such con-
centrations of pharmaceuticals in wastewater represent an

ecological hazard and source of adverse environmental
effects as ‘stable chemical structure and pronounced bio-
logical activity of pharmaceuticals make them highly resistant
to biodegradation, toxic (and) persistent in food chains’ [8].
NSAIDs impact on the environment develops as wastewater
from sewage plants is eventually released into surface water
as an effluent, where it is subjected to a process of natural
attenuation, which includes its dilution in surface water,
absorption and adsorption into small solid particles in water
and sediments, photolysis and aerobic biodegradation [9,10].

The continuous flow of NSAIDS from sewage plants to
water bodies is a threat to aquatic flora and fauna and,
therewith, to achieving SDG14 aimed at the conservation
and sustainable use of oceans, seas, and marine resources
[11]. Exposure to and accumulation of NSAIDs in the plasma
of exposed fish has deleterious genetic, physiological, phys-
ical, and feeding behaviour of fish populations. Modulation
of genes and their expression negatively affects the immune
response, kidney development, and regeneration, sexual dif-
ferentiation, and leads to significant reductions in egg pro-
duction and hatching. Exposure to NSAIDs also affects the
cells of the gill and liver, modulates feeding behaviour, and
hinders the physical development of fish through stunted
growth, skeletal and cartilaginous malformation, and changes
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to the texture and physiochemical properties of muscles
[8,12-14].

In addition to deleterious effects on fish populations,
NSAIDs have also been found to have negative effects on
gastropods, bivalves, and crustaceans, all of which form crit-
ical links in aquatic trophic chains. Exposure to NSAIDs has
been confirmed to lead to gastropod and crustacean DNA
damage, fragmentation, and transcriptional changes, and
affects reproduction, hatching, larval development, and over-
all survival [15-18]. Disturbance in detoxification and antioxi-
dative processes have also been noted alongside significant
morphological consequences [14]. The bioaccumulation of
NSAIDS in aquatic organisms like fish, molluscs, and crusta-
ceans can also lead to transfer and concentration further up
the trophic chain. Diclofenac and ibuprofen, for example,
have been detected on the external surface of 18% of otter
hair samples, suggesting external/dermal exposure within
the aquatic medium, and in up to 54% of the extracted sam-
ples, indicating historic ingestion [19].

Oral NSAIDs are known to have a wide range of direct
negative side-effects on human health, including increasing
the risk of adverse events in the gastrointestinal tract (perfor-
ation, ulcers, bleeding), the cardiovascular system (myocardial
infarction, heart failure, hypertension), liver and kidneys
[13,20]. The effects of NSAIDs on aquatic fauna and further
up the trophic chain might serve as an indication for add-
itional, indirect negative effects for human health following
their depletion of aquatic and ecosystems health. More
research is needed to confirm the direct human health risks
of NSAIDs following the trophic transfer, yet, their directs
effects on aquatic organisms are certain, and resulting indir-
ect effects on human health and wellbeing seem hard to
avoid [21].

Insofar as NSAIDs could affect fish population sizes (via
decreases in egg production, hatching, and overall poor
health), they would have deleterious effects for SDG2, aimed
at ending global hunger, achieving food security, and
improving nutrition [11]. Particularly with regard to food
security and improving nutrition, there is reason to assume
that the effects of NSAIDs on overall fish health puts
unnecessary additional stress on a food source that is already
deteriorating in both quantity (due to heavy and unsustain-
able overfishing) and quality (via the ingestion of microplas-
tic pollution and other toxins) [22]. Leaving aside the issue
that overfishing, overconsumption, and degradation of
aquatic health have negative effects on biodiversity and this,
in turn, has drastic consequences for achieving SDG13 (cli-
mate action) and many others [23], it should be clear that
reduced food security and nutritional quality have significant
negative implications for achieving SDG3, aimed at good
health and wellbeing for all and at all ages [11].

Physiotherapy as a sustainable alternative to
NSAIDs

NSAIDs' limited pain reduction effects and their diverse nega-
tive effects on human, aquatic, and ecosystems health make
evident the need for sustainable alternatives for reducing

mild to moderate musculoskeletal pain. Though further
research is needed in this regard, growing evidence is sug-
gesting that physiotherapy is better tolerated and at least as
effective as NSAIDs in the treatment of mild to moderate
musculoskeletal pain for a variety of conditions [24-26]. For
example, in a comparison of the efficacy of oral ibuprofen
against neural mobilisation in the treatment of cervicobra-
chial pain, it was indicated that neural mobilisation was less
effective in the short term but came without the side effects
of its pharmacological alternative [27]. Studies comparing
NSAIDs against taping as adjuncts to exercise further indicate
that non-pharmacological combinations are equally effective
in the treatment of subacromial impingement and knee
osteoarthritis while being tolerated better and reducing or
delaying the need for pharmacological supplementa-
tion [28,29].

As we have indicated before, the environmental footprint
of physiotherapy needs further study and reduction [30].
However, exercise, various manual therapy approaches,
health-related education, and other non-pharmaceutical
interventions common to physiotherapy lack the direct and
indirect negative effects on human, aquatic, and ecosystems
health resulting from the use of NSAIDs.

By reducing, or at least delaying pharmacotherapy
demands, physiotherapy effectively constitutes a hitherto
underappreciated contribution to a variety of SDGs even
beyond SDG3. Building on what we have outlined here,
these include SDG2 (zero hunger), SDG6 (clean water and
sanitation), SDG14 (life below water), and even SDG15 (life
on land) if we consider NSAIDs effect on humans and other
species [31]. Through its potential contribution to the
improvement of life on land and below water, physiotherapy
thus equally constitutes a One Health intervention, that is, a
healthcare intervention that simultaneously contributes to
better health of humans, animals, and ecosystems alike.
More explicitly than its sibling developments (planetary
health, ecosystems health, and sustainable healthcare), One
Health focuses on the complex interactions between animals,
ecosystems, and human health as a critical nexus for under-
standing and ensuring health around the world [32]. One
Health has a strong focus on managing and preventing zoo-
notic diseases - transmitted between animals and humans -
like the current COVID-19 pandemic, for human health bene-
fits. But One Health also implies care for the health of ani-
mals and ecosystems, beyond anthropocentric concerns. It is
in this way that physiotherapy could be argued to constitute
a One Health intervention in the way we are suggesting
here, as an intervention that simultaneously contributes to
better health of humans, animals, and ecosystems [33,34].

To our knowledge, physiotherapy’s possible contribution
to One Health is entirely unexplored to date and its possible
contributions to achieving the SDGs in the earliest stages of
exploration [35,36]. Further work in these directions seems
highly pertinent for two reasons: Firstly, because UN Agenda
2030 emphasises the need for the involvement of all sectors
[11]; and, secondly, because both the UN SDGs and One
Health clearly highlight that we can no longer address health



and health care without integrating other humans, animals,
ecosystems and more into our thinking and doing.

As physiotherapists gradually come to grips with the cen-
tral interconnected nature of today’s social, environmental,
and health crisis, the contribution we make to SDG3, SDG14,
and beyond via the reduction of pharmacotherapy should be
widely promoted and pursued. However, to achieve the
transformative societal change called for in the UN Agenda
2030, which, necessarily, encompasses the transformative
change of physiotherapy, we should not rest on the laurels
of a contribution that merely requires us to do more of what
we are used to doing (i.e. exercise, touch, education, etc.),
but seek to go further to think and practice physiotherapy
and healthcare in ways responsive to today’s changed and
highly entangled world. In the following section, we outline
the conceptual foundations for one element of this trans-
formative change as an invitation for further research and
innovation in physiotherapy and the healthcare professions
at large.

Towards inclusive health cares for life on land and
underwater

The story of NSAIDs journey through human and other-than-
human bodies highlights the need for more careful deliber-
ation of the future role of healthcare professionals and, in
doing so, presents a challenge to physiotherapy, One Health,
and SDG implementation alike. In the first instance, the brief
journey of NSAIDs through humans, aquatic ecosystems, and
back onto land presented here is a perfect allegory of
today’s environmental, social, and health crisis. Intimately
bound up with the stories of different kinds of waste and
human-driven pollution, NSAIDs remind us that the products
we produce, consume, and discard as waste do not just go
away. As eco-philosopher Timothy Morton has argued, ‘there
is no “away” to flush it to absolutely, so that our toilet waste
phenomenologically sticks to us, even when we have flushed
it' [37].

This is a story that has very much repeated itself through
the ongoing COVID-19 pandemic. Massive amounts of plastic
and carbon emissions have been generated and used for sin-
gle-use personal protective equipment and then discarded as
waste that further affects waterways and life in oceans
around the world [38,39]. Apart from exacerbating the
ongoing climate and plastic pollution crises and their conse-
quences for global health, ‘hyperobjects’ like pharmaceuti-
cals, plastics, PPE pollution, and carbon emissions -
phenomena that are too large to be observed or compre-
hended as a whole, but are everywhere and operate at all
kinds of scales [40] - further evidence a quintessential char-
acteristic of our time: We have and continue to fundamen-
tally change the world we live in, its geological composition,
atmospheric conditions, and the diverse existences we share
it with, in ways that will not just be flushed or even exer-
cised away [41,42].

If this first message exemplified in the story of NSAIDs we
presented is a hard-to-hear truth, the second implicit mes-
sage is one that the physiotherapy profession, but also
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healthcare in general has been largely oblivious to so far, if
not reticent to hear: It is that human life and health are
gained, maintained, negotiated and improved on the back of
countless other-than-humans that we are inseparably
entangled with. As repeatedly pointed out in recent thinking
on our current condition and overwhelming evidence in One
Health research, the other-than-humans involved in the mak-
ing of health include plants, ecosystems, microbes, bacteria,
viruses, and animals on land, underwater, and in the air. But
they now also include NSAIDs, carbon emissions, global
warming, antibiotics, pollution, plasticc and many more
hyperobjects and phenomena that we evoke, produce, and
try to discard in vain while they participate in and change
our world, bodies, organs, and all others that share
them [43-46].

Critically, it has been pointed out that the manifold non-
human contributions made to human life, health, and well-
being made have thus far ‘been completely silenced and
occluded behind institutional walls. Unseen, unthought’ [47].
As [48] have recently argued, we must become more aware
of the way that health, functioning, and health care always
involve complex relationships, contestations, contributions,
and consequences with and for human and more-than-
human others if we are to develop the more sustainable,
interconnected and inclusive approaches health cares aspired
to in One Health and the SDGs. Because physiotherapy has
not engaged with the entangled nature and consequences
of health care very much so far, a critical task in the pursuit
of more inclusive physiotherapy and health futures will be to
tell and hear more stories of ecological entanglement like
the one we have presented here.

The more difficult task building on our increasing eco-
logical awareness will be to deal with the complex questions
and responsibilities it raises [48]. Since so much of the ways
in which the world has changed are here to stay and involve
so many other previously marginalised humans and non-
human others, the questions to be answered cannot just
revolve around waste management. In Morton’s terms, ‘How
to care for the neighbour, the strange stranger, and the
hyperobject, are the long-term problems posed by the eco-
logical thought’ [49]. Beyond doing the immediately feasible,
familiar, and necessary, and learning more about the com-
plex nature of health, we must develop new ways of think-
ing and doing health care and physiotherapy in entirely new
ways, for entirely new reasons and in collaboration with
entirely new others.

Implications for future research and practice

Given that we only outline a field that has not yet been at
the forefront of physiotherapy research and practice, there is
much that remains to be done to develop its full potential
and implications for practice. Specifically, we need much
more research into the potential of physical therapy modal-
ities like exercise, touch, and communication as alternatives
to medication in the treatment of musculoskeletal pain, as
much as virtually any condition for which alternatives or
adjuncts to pharmacological treatments are in use.
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Regarding NSAIDs, this kind of research might be addition-
ally complicated because their ubiquitous use and availability
make it particularly difficult to control for them.

Though we have focussed on NSAIDs as a kind of exem-
plary case here, more research into the different health
benefits and ecological impacts of pharmacological versus
non-pharmacological interventions is needed in general.
Other types of medication also have significant effects on
ecosystems and medicines are one of the major contributing
factors to the carbon footprint of health care systems [50].
The first large-scale consideration of allied health professions’
potential in reducing the carbon footprint of health care sys-
tems will become available through the ‘Greener AHPs Hub’
that will be published by NHS England soon. Yet more
research and advocacy are needed to further shift health
care systems promotion and use of more environmentally
friendly low-carbon approaches and modalities.

Finally, it is critical that future research is not limited to
clinical and empirical studies only, but includes significant
amounts of conceptual work towards novel understandings
of physiotherapy that do justice to the complex social and
ecological realities of health and care. Philosophically rigor-
ous conceptual research remains woefully underdeveloped in
physiotherapy. It will be essential, however, if we are to have
a sufficiently solid foundation for our meaningful contribu-
tion to the interconnected health of humans, animals, and
our planetary ecosystem alike.
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