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Abstract

Home has been recognized as a health infrastructure through hospital-at-home, home
care, and direct-to-consumer wellness and fitness products. However, the patient home
environment has been largely overlooked by healthcare as a means to improve therapy
outcomes for difficult-to-treat chronic conditions, such as migraine; high-impact pain; and
treatment-resistant depression, anxiety, or insomnia. Growing research evidence enables
the formulation of a therapeutic home environment standard consisting of three pillars:
biophilic design, indoor environmental quality, and intentional self-care spaces that serve
as habit cues and foster sleep hygiene, stress management, relaxation, physical activity,
and social interactions. Together, these environmental and behavioral interventions can
transform real-world inputs into clinical benefits through autonomic, circadian, and emo-
tional regulation. We also highlight the converging roles of self-management, self-efficacy,
self-regulation, and self-compassion in sustaining patient engagement and healing at home.
The applicability of the therapeutic home environment as an adjunct is illustrated in the
case of chronic migraine, a debilitating neurological condition commonly associated with
comorbidities. Current challenges in achieving migraine freedom with FDA-approved
pharmacotherapies, neuromodulation devices, and digital health technologies are under-
scored by the high prevalence of refractory, chronic, episodic, and pediatric migraine.
Perspectives on developing a personalized, multimodal cure for migraine are illustrated
through a hypothetical drug + digital combination therapy comprising anti-CGRP drugs
and an AI-powered digital health platform that promotes daily self-care practices within
the therapeutic home environments. In conclusion, achieving sustained freedom from high-
morbidity conditions requires end-to-end care ecosystems that integrate pharmacological,
cognitive, behavioral, and environmental interventions into real-world settings.

Keywords: multidisciplinary care; precision medicine; prophylaxis; treatment-resistant;
health-related quality of life; digital therapeutics; built environment; interior design;
neuroarchitecture; housing

1. Introduction
The chronic disease crisis encompasses diverse, multifactorial disorders, ranging from

cardiometabolic conditions to debilitating neurological and mental disorders. Many of
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these conditions are caused or exacerbated by behavioral and environmental factors, mak-
ing them partly preventable. Despite advances in pharmaceuticals, biologics, medical
devices, and digital therapeutics, over 50 million people in the United States (US) live
with high-impact chronic pain, treatment-resistant depression or anxiety, chronic migraine,
or insomnia (Table 1). This statistic does not include millions living with schizophrenia,
autoimmune, and neurodegenerative disorders. Billions of people worldwide are affected
by chronic diseases, underscoring their high global prevalence [1]. The impact of these dis-
abling conditions extends beyond individuals to families, workplaces, healthcare systems,
and society at large.

Table 1. Examples of debilitating and difficult-to-treat chronic conditions affecting US adults. The
estimate of US adults is based on 2024 population data. The number of people living with these
conditions worldwide is substantially higher. GAD—generalized anxiety disorder, MDD—major
depressive disorder.

Chronic Condition Clinical Features Impact on Daily Functioning Estimated Affected
Adults and Prevalence

Chronic migraine

Headache occurring on ≥15
days per month for >3 months,
with ≥8 days meeting
migraine criteria

Unpredictability coupled with
chronic stress, emotional
burden, heightened
environmental sensitivity

≥2.4 million (0.91%
general population, [2])

Refractory migraine

Chronic migraine with
persistent disability despite
multiple adequate preventive
treatment trials

Severe disability with
significant impairment in work,
social, and daily activities

1.6–2 million (5–10% of
migraineurs [2–5])

High-impact chronic
pain

Pain occurring on most days
for ≥3 months that
substantially limits daily
activities

Constant limitations in daily
functioning accompanied by
fatigue and emotional and
social burden

17–20 million, (7–8%
general population [6])

Treatment-resistant
generalized anxiety
disorder

GAD symptoms that fail to
respond to at least first-line
pharmacotherapy and
psychotherapy

Excessive and frequent worry
accompanied by restlessness,
fatigue, impaired concentration,
and irritability

2.3–2.9 million
(2.9–3.7% GAD
prevalence 30% of GAD
patients are TR [7–9])

Treatment-resistant
depression

MDD symptoms that do not
respond to at least two
different antidepressant
classes of drugs

Persistent depressed mood,
anhedonia, fatigue, cognitive
and functional impairment,
hopelessness, and suicidality

≥2.8 million adults
(20–30% of MDD
patients [10])

Chronic insomnia

Difficulty sleeping and
daytime impairment occurring
at least 3 nights per week for
≥3 months

Lasting exhaustion, impaired
concentration, emotional
dysregulation, and
hyperarousal with
preoccupation about sleep

26.7 million (10%
general population
[11,12])

The patient home environment has been largely overlooked and underutilized by
healthcare to improve chronic care outcomes. Our recent work introduced opportunities to
create health-centric home spaces for people living with chronic pain, migraine, anxiety,
depression, cancer, and other conditions, as well as pathways to scale therapeutic home
environments through digital health technologies [13–15]. In this perspective article, we
synthesize the existing literature through a narrative review and conceptual framework to
position the therapeutic home environment as an integral component of multimodal chronic
care comprising pharmacological, behavioral, and environmental interventions. PubMed
and Google Scholar were used for keyword-based literature searches to identify relevant
studies. In the subsequent sections, we define the therapeutic home environment and its

https://doi.org/10.3390/healthcare14091123

https://doi.org/10.3390/healthcare14091123


Healthcare 2026, 14, 1123 3 of 40

three pillars, and systematically link each pillar to mechanistic pathways and associated
health outcomes relevant to chronic care. Using chronic migraine and its comorbidities
as an example, we propose an evidence-based approach that links daily living inputs to
long-term clinical benefits through autonomic, circadian, and emotional regulation. This
work aims to catalyze innovation in home-based healthcare solutions to improve outcomes
in chronic disease management.

2. Defining the Therapeutic Home Environment
The therapeutic home environment comprises the physical and functional features of

a home together with the behaviors and affective states they support, forming a contextual
ecosystem that can improve outcomes for people with, or at risk for, chronic conditions.
Building on prior work, it aims to deliver clinical benefits by integrating three pillars:
(a) biophilic design, (b) the indoor environmental quality, and (c) intentional spaces cou-
pled with self-care practices [13,14]. Biophilic design is grounded in salutogenesis and
the Restoration Attention Theory and provides health benefits by enhancing exposure
to nature [16–20]. The indoor environmental quality (IEQ) comprises artificial lighting
systems and acoustics, thermal comfort and air quality [21–24]. Living spaces that facilitate
self-care can help sustain long-term engagement in self-management practices and support
resulting health benefits [13,25–30]. As shown in Figure 1, these three pillars can generate
neurophysiological and psychological effects that collectively lead to symptom reduction
through autonomic, circadian, and emotional regulation, aligning with the concept of the
optimal healing environment [31]. In the subsequent sections, we formulate the thera-
peutic home environment by delineating health-centric features of biophilic design, the
environmental quality and intentional living spaces.

 

Figure 1. Three pillars of the therapeutic home environment for people living with chronic condi-
tions. The proposed integration of biophilic design, indoor environmental quality, and self-care can
collectively support autonomic, circadian and emotional regulation, yielding interconnected effects
that can translate into long-term patient outcomes.

Although the home is recognized as a healthcare infrastructure through hospital-at-
home, home care services and wellness at home programs, the therapeutic home environ-
ment is a new approach applicable to diverse chronic conditions, including neurological
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and mental disorders, cardiometabolic diseases and cancer [14]. Table 2 describes key
differences among diverse home-based health care ecosystems with respect to goals and
approaches. It is important to emphasize that the therapeutic home environment can func-
tion both as an adjunctive modality for chronic disease management and as an integrated
component of other home-based care models, including hospital-at-home, home care and
wellness programs.

Table 2. Differentiating home-based health care ecosystems. PA—physician assistant, AD—Alzheimer’s
disease, COPD—Chronic Obstructive Pulmonary Disease.

Therapeutic Home
Environment Hospital-at-Home Home Care Wellness at Home

Description
Home optimized for
improved chronic care
outcomes

Acute hospital-level
care at home with
clinical oversight and
monitoring

Clinical, caregiving
and personal care at
home

Consumer wellness
and lifestyle support at
home

Goals

Reduce disease
symptoms; improve
effectiveness of existing
therapies and
self-management

Reduce hospital stays,
costs and
complications

Help individuals
maintain their physical
and functional abilities,
live independently at
home

Enhance well-being,
healthy habits and
lifestyle. Extend
healthspan and
longevity

Approach

Home spaces
supporting autonomic,
circadian, emotional,
regulation and
behavior change

Multidisciplinary
clinical care
(physicians, nurses,
PAs) with in-person
and telemonitoring

Professional care and
therapies coordinated
and delivered by an
interdisciplinary team

Home-based gyms,
wellness corners
supporting stress
management, fitness.
Wellness coaching

Delivery
capacity

Higher scalability due
to compatibility with
integrated digital
health and ecommerce
and consumer-led
adoption

Lower scalability due
to dependence on
in-person clinical
teams and payer-based
reimbursement

Lower scalability due
to dependence on
logistics for in-person
visits

Higher scalability due
to direct-to-consumer
distribution channels
and compatibility with
wearables and health
apps

Examples of
medical
indications

Migraine, chronic pain,
epilepsy, depression,
anxiety, insomnia,
cancer, dementia,
Alzheimer’s and
Parkinson’s disease

Pneumonia, COPD,
asthma, congestive
heart failure,
soft-tissue and urinary
tract infections, cancer
(pilot programs)

Stroke rehabilitation,
dementia and AD
support, diabetes
complications, wound
care, post-surgical
recovery

Primary prevention

3. Biophilic Home Environment as a Modulator of Autonomic, Circadian,
and Emotional Regulation

Biophilic design is an approach to architecture and interior design that integrates
natural elements into the built environment to emulate the experience of being in nature [19].
It seeks to restore the human–nature connection within built environments through the
direct integration of natural ecosystems, as well as sensory and spatial cues that evoke
natural settings. Biophilic design principles fall into three categories: (I) nature in the space
(e.g., visual, tactile, and auditory connections to nature, dynamic lighting, water features),
(II) natural analogues (e.g., biomorphic and fractal patterns, natural materials such as wood
and stone), and (III) nature of the space (e.g., layouts that evoke refuge, prospect, and
awe) [17]. Research studies on biophilic design have been mostly focused on healthcare,
workplace and educational spaces, and, to a lesser extent, on residential buildings [32].
Practical guides to biophilic design allow professionals and laypeople to apply biophilic
design principles and patterns to diverse indoor environments [19,33–36].
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Indoor exposure to nature elicits diverse neuronal and physiological responses
that support mental and physical health and healing [17,18,37–41]. A recent review of
108 neuroimaging studies found that exposure to natural environments modulates large-
scale brain networks (the default mode, salience, and attentional networks), shifting neural
activity toward states associated with reduced stress, restored attention, and emotional
regulation [41]. Biophilic design in healthcare facilities, such as hospitals and clinics,
can improve patient outcomes, including reduced stress, mortality and hospitalization
time [16,20,42–46]. From a chronic care perspective, biophilic features at home can reduce
stress, enhance recovery, activate the parasympathetic nervous system, support circadian
regulation, and improve mood [13–15]. A recent pilot study suggests that biophilic archi-
tecture may also influence neuroinflammation [47], consistent with findings that exposure
to nature elicits anti-inflammatory effects [48–50].

Table 3 summarizes biophilic design features that together create restorative environ-
ments associated with reduced psychophysiological stress, parasympathetic activation,
improved mood, and fewer depressive symptoms. These effects are directly relevant to
therapy outcomes, as chronic stress is known to cause and exacerbate anxiety, depression
and other morbidities. Optimizing the quality of the biophilic home environment is there-
fore important for maximizing health outcomes. It is noteworthy that several rating scales
can be used to assess biophilic qualities in indoor spaces [34,51–55], while new technologies
are being developed to quantify exposure to biophilic spaces [56].

Table 3. A summary of biophilic design features and recommendations for creating the therapeutic
home environment for people living with chronic conditions. PNS—parasympathetic nervous system,
HRQoL—health-related quality of life.

Biophilic
Features Neurophysiological Effects Recommendations for Optimal Experience References

Direct proximity
to trees

Stress reduction, improved mood
and mental health, cognition
restoration

At least three mature trees visible from
home, preferably from the front (entrance)
and through at least one window

[57–59]

Nature views
from the
windows

Stress reduction, activation of the
PNS, improved physical and
mental health and psychological
well-being, reduced risk of
anxiety and depression

Unobstructed view of both vegetation
(natural or planted landscapes) and the sky
from at least one window located in the
main living space; for a multistory
apartment, a balcony with a planter can
provide a view of outdoor greenery

[60–66]

Natural colors Evoke positive, low-arousal
emotions; promote relaxation

Personalized wall finish with natural
calming hues, such as earthy neutrals, blues
and greens

[67,68]

Dynamic and
diffuse lighting

Regulation of the circadian
rhythm; reduced fatigue, anxiety
and depressive symptoms

Smart lighting systems mimicking daylight
cycle and control illuminance; window
coverings in every room to minimizes glare
from sunlight

[64,69–72]

Warm light Improve positive mood, stress
reduction

Sources of warm light from the windows,
floor and table lamps [73,74]

Natural
soundscapes

Stress reduction and recovery;
activation of the PNS, improved
mood

Indoor water feature; dedicated audio
system facilitating daily exposure to nature
sounds

[75–78]

Refuge/prospect
space

Stress reduction, perceived safety
and comfort

A comfortable lounge chaise made of
natural materials and sheltered by indoor
plants and side table/shelf providing a
window view toward outdoor nature

[17]
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Table 3. Cont.

Biophilic
Features Neurophysiological Effects Recommendations for Optimal Experience References

Indoor plants
and flowers

Stress reduction, activation of the
PNS, improved mood and
positive emotions

Each room has a layered arrangement of
odd number of indoor plants creating focal
points of 30–40% of visual weight, large
(>5 ft) and medium (2–4 ft) plants potted in
planters that display biomorphic patterns;
living plant wall

[50,79–84]

Wood-based
interiors and
furniture

Stress reduction, activation of the
PNS, calming prefrontal cortex,
increase positive affect

Flooring and a majority of furniture (bed
frames, dressers, tables, chairs, cabinets)
that is made of solid wood, wood accent
wall panels also serving as acoustic panels
or creating a refuge space

[85–91]

Natural
materials (other
than wood)

Improve positive emotions,
comfort and relaxation through
multisensory (visual and haptic)
connection with nature

Seating pieces upholstered in natural fabric,
rugs made from wool/cotton providing
relaxing underfoot texture, visual
connection with nature through biomorphic
patterns and improving acoustics, stone
countertops creating awe

[92–95]

Biomorphic/fractal
patterns and
biophilic art

Reduced stress and anxiety,
improved recovery from stress
and relaxation

Noticeable visual weigh of biomorphic
patterns through wall finishing, furniture,
décor and accessories

[96–103]

Awe
Stress reduction, activation of the
PNS, fostering pro-social behavior
and positive emotions

Extraordinary indoor biophilic features
combined with a spectacular window view
of natural landscape

[17,104–106]

Indoor–outdoor
connection with
nature

Improved mental health and
HRQoL

The presence of a garden within mature
landscape enabling horticultural therapy; a
patio/balcony offering year-round
connection with nature through vegetation
and biomorphic planters

[58,101,107–111]

Periodic
scentscapes

Aromatherapy can reduce stress,
anxiety, and pain, improve sleep
and relieve migraine

Availability of nebulizing diffusers and
high-quality essential oils (e.g., lavender)
that are located in a bedroom or a living
room

[112–116]

As shown in Table 3, biophilic interventions range from nature-inspired wall finishes
and dynamic lighting to adding wooden furniture, biomorphic features, and indoor plants.
In practice, people living with chronic conditions may prioritize the bedroom and main
living room for biophilic upgrades. Figure 2 illustrates an example of transforming a
living room into a restorative, biophilic space. Layering natural wood surfaces, biomorphic
patterns, indoor and outdoor greenery, and warm, tactile materials is intended to reduce
stress and promote a sense of safety and calm. Adjustable window treatments and smart
circadian lighting regulate natural and artificial light exposure, supporting circadian rhythm
while minimizing sensory overload. In addition, an essential oil diffuser can provide
the benefits of aromatherapy, while a HEPA air purifier and acoustic panels mitigate
air and noise pollution, respectively. Together, these design features convert the space
from a neutral backdrop into a daily living space that actively supports well-being and
health outcomes.
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Figure 2. Biophilic transformation of a living room illustrating how individual design features
can create a restorative environment to enhance activation of the parasympathetic nervous system,
improve positive emotions and recovery from stress, and optimize exposure to natural light and
outdoor nature. Design changes: (1) natural wood surface providing visual connection with nature
and acoustic insulation, (2) adjustable window treatments for precision lighting control, (3) a nature
view from the window, (4) fractal carpet made from natural materials providing tactile experience
and acoustic insulation, (5) warm and diffuse lighting, and (6) indoor plants and flowers.

4. Optimizing Indoor Environmental Quality for Chronic
Disease Management

The built environment can either support health or contribute to disease, a concept
recognized in the literature and practice [23,117–120]. Table 4 provides examples of the
indoor environmental features that can contribute to and exacerbate symptoms, or may
improve therapy outcomes. The optimal therapeutic home environment for people with
chronic conditions aims to reduce exposure to harmful chemical and physical factors while
improving IEQ features that actively support healing (for examples of environmental
pollution that negatively impact household residents, see Table 2 in [14]). Enhancing indoor
air quality is known to influence COPD and asthma outcomes [121,122], but it is less
appreciated that it promotes quality sleep and brain health [123]. One often overlooked
opportunity to improve health outcomes through the home environment is optimized
lighting [24,72–74,124,125]. Another overlooked aspect is daily exposure to noise pollution
that can disrupt sleep and health-related quality of life [126,127]. Overall, it is essential to
design and maintain indoor environments that consistently support healing.
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Table 4. Examples of indoor environmental quality features that influence chronic care outcomes.
IAQ—indoor air quality, HVAC—heating, ventilation and air conditioning, HEPA—high efficiency
particulate air, MERV—minimum efficiency reporting value.

IEQ Features Relevance to Chronic Conditions Recommendations for Optimal Experience References

Exposure to
natural light

Regulate circadian rhythm;
improve mood and sleep; reduce
fatigue, potential trigger for
migraine; hypersensitivity to light

Controlling light intensity from a complete
blackout to a comfortable lighting intensity
through window covering and smart
lighting system, including dimmers in
every room; availability of migraine-centric
spectacles

[24,71,128–130]

Exposure to
warm light

Improve positive mood; stress
reduction

Sources of warm light from the windows,
floor and table lamps [73,74]

Exposure to
green light

Reduce migraine headaches and
fibromyalgia symptoms

Presence of at least two lamps (bedroom
and living room) facilitating daily exposure
to green light with narrow band wavelength

[131–134]

Evening
exposure to
blue-spectrum
light

Disruption of circadian rhythm
and quality sleep due to both
artificial lighting and screen
exposure

Smart lighting system enabling a regulation
of blue light exposure, maximizing in the
morning and minimizing in the evening

[135,136]

Exposure to
screen time

Disruption of circadian rhythm;
impacts self-esteem and social
connections; increased depressive
symptoms and sedentary
behaviors

Presence of Frame Smart TV that displays
biophilic patterns, a dedicated smartphone
charging station made of natural materials,
a discreet dedicated space for computers

[137–140]

Indoor air
quality

Air pollution can contribute to
systemic inflammation, sleep
disturbance, migraine triggers
(smells)

IAQ monitoring system, CO and smoke
detectors, HVAC with air filters rated
MERV 13 or higher for controlling air
quality, HEPA air purifiers in bedroom and
a main living area

[141–148]

Natural air flow
and thermal
comfort

Reducing indoor air pollution,
which can exceed outdoor levels;
improving thermal comfort and
quality sleep through ventilation

Presence of operable windows located away
from traffic and industrial pollution, HVAC
system; presence of circulating fans in areas
difficult for ventilation

[149–153]

Acoustic comfort

Reduced noise pollution to
prevent sleep disturbance,
negative emotions; increased risks
for cardiovascular and mental
disorders; mitigating
hypersensitivity to sound during
migraine episodes

Installed acoustic panels to maintain
acoustic levels in bedroom and living room
on average below 40 dB, rugs and accent
wood wall panels can additionally absorb
excessive sound

[154–156]

Periodic
soundscapes

Reduced stress and depressive
symptoms; improved positive
emotions and analgesia; reduced
pro-inflammatory cytokines

Dedicated and programable audio system
facilitating daily exposure to nature sounds
and relaxing music

[76,157–159]

Ergonomics Prevent and reduce body tension
and musculoskeletal symptoms

Ergonomic seating pieces that reduce body
tension [160–164]

Clutter Increased stress, decreased sleep
quality

Available integrated storage solutions,
furniture layout balances flow and function,
tabletops avoid over-accessorizing

[165–167]

Dampness Increased risk of headaches and
sleep disturbance

Tested negative for dampness using
moisture meter across all indoor spaces [168–170]
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Table 4. Cont.

IEQ Features Relevance to Chronic Conditions Recommendations for Optimal Experience References

Drinking water
quality

Supports hydration while
eliminating heavy metal and
microplastic pollutants that cause
neurotoxicity

Available point-of-use water filtration
system [171,172]

Exposure to
nano- and
microplastic
pollution

Dysregulated immunity of the
digestive system, impact on the
gut microbiome, accumulation in
the brain, neuroinflammation

Availability of glass containers for food
storage, a majority of clothing made of
natural and not synthetic textiles, personal
care products in glass containers

[173–178]

It is important to note that the health benefits of optimized indoor environmental qual-
ity can be influenced by the outdoor environment and neighborhood conditions that affect
physical and mental health [142,145,150,179–181]. Long-term exposure to environmental
pollution can increase the risk of migraine, depression, anxiety, and cardiovascular dis-
ease [143,144,182,183]. Living near major roads increases noise and air pollution, which can
worsen stress, sleep, and cardiovascular and neurodegenerative conditions [154,184–187].
On the other hand, neighborhoods can reduce the risks of chronic conditions [59,188–192].
Living within 300–500 m of green space may improve mental health, reduce stress, and
increase physical activity [191,193–197]. Neighborhoods with higher accessibility to green
spaces exhibited lower mental health utilization [188]. A place of residence that has a
walkable accessibility to green spaces can improve cardiovascular outcomes [198,199]. Re-
search suggests that residential green spaces are associated with lower rates of chronic pain
and other noncommunicable diseases [200,201], as well as reduced migraine and severe
headaches [202]. The evidence-based guidelines for health-centric neighborhoods that
prioritize urban trees and green spaces are outlined in the 3-30-300 rule [59,203].

5. Self-Care and Intentional Living Spaces in Chronic
Disease Management

From the healthcare perspective, self-care can be defined as (a) a combination of
disease self-management and self-efficacy [204], or as “the ability of individuals, families
and communities to promote health, prevent disease, maintain health, and cope with
illness and disability with or without the support of a health worker” [205]. Self-care
and lifestyle medicine overlap because both involve daily behaviors that improve health
outcomes. However, lifestyle medicine focuses on six standardized pillars, while self-care
includes a broader spectrum of practices that support chronic care. Table 5 summarizes
growing evidence that self-care practices—such as sleep hygiene, physical activity, stress
management, nutrition, social support, music, education, and exposure to nature—can
reduce symptoms and improve quality of life across several chronic conditions. These
findings highlight the broad therapeutic value of home-based behavioral interventions
in enhancing chronic care outcomes. For people with neurological conditions, self-care
practices can provide clinical benefits and reduce the risk of comorbidities. For example,
self-care and other non-pharmacological interventions have been shown to reduce migraine
frequency, symptoms, and disability [206–208].
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Table 5. Examples of health outcomes associated with self-care practices related to chronic care. SR,
symptom reduction; RR, reduced risk; IB, indirect benefits; QoL, quality of life.

Chronic
Condition

Sleep Qual-
ity/Hygiene

Physical
Exercise

Stress Man-
agement

Nutrition/
Supplements

Social
Support

Listening
to Music

Health
Education

Exposure to
Nature

Migraine SR, QoL
[209–211]

SR
[212–214]

SR, QoL
[215–217]

SR
[218–221]

QoL
[222–224]

SR, QoL
[225,226]

SR, QoL
[217,227–229]

IB
[145,230]

Chronic Pain SR, QoL
[231–234]

SR, QoL
[235–237]

SR, QoL
[238–240]

SR
[241–244]

QoL
[245–250]

SR, QoL
[159,251]

SR, QoL
[252–255]

RR, QoL
[200,256–258]

Depression RR
[259–261]

SR, RR, QoL
[262–265]

SR
[266–268]

SR, RR
[269–273]

RR, QoL
[274–277]

SR
[278–281]

SR
[282–284]

SR, RR, QoL
[180,285–287]

Anxiety RR
[288–290]

SR, RR
[291–293]

SR
[294–297]

SR
[298–300]

SR, QoL
[301–303]

SR
[304–306]

SR, RR
[307,308]

RR
[180,309,310]

Insomnia/Sleep
disturbance

SR
[311,312]

SR, QoL
[313–316]

SR
[317–319]

SR, RR
[320–323]

RR, QoL
[324–326]

SR, QoL
[327–330]

SR
[331,332]

QoL
[65,333–335]

The home plays a central role in fostering restoration, comfort, and social connection,
highlighting the importance of intentionally designed spaces within the therapeutic home
environment [336]. The growing interest in self-care and lifestyle interventions creates
an opportunity to transform homes into environments that support health-promoting
behaviors and serve as contextual cues and facilitators of daily self-care practices. The use of
interior environment cues can be effective in promoting health behavior change [337–339].
Dedicated spaces that foster quality sleep, physical exercise, mindfulness-based relaxation
and social support serve as enablers and reminders of daily practices that can reduce disease
symptoms. Table 6 provides a rationale and recommendations for creating intentional
spaces that integrate biophilic design and functionalities fostering self-care.

Table 6. Characteristics of intentional spaces serving as contextual cues and fostering self-care within
the therapeutic home environment.

Intentional Space
A Rationale Related
to Chronic Care
Outcomes

Recommendations for Optimal
Experience

Daily Contextual
Cues References

Bedroom

Optimize sleep
comfort and sleep
hygiene; improve
mood; reduce
allostatic load and
sleep disturbance

Biophilic features including natural
wood bed frame; pillows, comforter,
bedding sheets and medium-firm
mattress made of natural materials;
control of lighting (dynamic and
zero-blue and green light); HEPA air
purifier, acoustic panels with
biomorphic patterns, aromatherapy
diffuser; no electronic devices
(TV/computer screens)

Associations with
quiet and
comfortable space
dedicated to
restful sleep

[340–347]

Relaxation space

Based on the
biophilic principles,
refuge and prospect,
a place for
self-regulation and
mindfulness-based
stress reduction

Natural rugs for defining the area;
lounge chaise surrounded by indoor
plants, ambient green light lamp,
book and plant shelf, nearby biophilic
art, accessible soundscape or
noise-canceling headphones, control
of natural light

Associations with
safe and
restorative
sanctuary
dedicated to rest

[17,102,
348–350]
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Table 6. Cont.

Intentional Space
A Rationale Related
to Chronic Care
Outcomes

Recommendations for Optimal
Experience

Daily Contextual
Cues References

Wellness/Fitness
space

Facilitating access to
physical exercises,
strength training,
yoga, stretching and
other activities

Presence of a dedicated wellness area
that comprises treadmill or other
fitness equipment that enables
medium-intensity and strength
exercises independent of outdoor
conditions, place for yoga mat for
stretching and yoga exercises

Associations with
convenience of
physical exercises

[351–355]

Space for social
connections

Fostering prosocial
behaviors and social
support from family
and friends

A dedicated area comprising 2–3
ergonomic armchairs centered around
a solid wood coffee table featuring a
decorative indoor plant, presence of a
natural rug with biomorphic motifs
that defines the social connection
zone

Associations with
engaging and
uplifting
conversations

[202,356–
358]

Given the importance of quality sleep for people living with chronic conditions, the
bedroom should function as an intentionally optimized self-care space that integrates
balanced biophilic design with precise lighting control to support circadian alignment and
autonomic regulation (Figure 3). Natural materials, for instance, solid wood bed frames,
breathable bedding, bedsheets, and comforters made of cotton, can enhance tactile comfort,
while layered, dimmable lighting and effective window coverings minimize glare and
control exposure to outdoor light. Equally important is maintaining high indoor air quality
by placing a dedicated HEPA air purifier in an unobstructed area of the bedroom. Together,
these features transform the bedroom into a restorative environment that serves as a cue
and catalyst for fostering sleep quality.

 

Figure 3. Example of an intentionally designed bedroom environment incorporating biophilic
elements intended to support autonomic, circadian, and emotional regulation. Warm natural colors,
indoor plants, wood and other natural materials, biomorphic patterns, and optimized morning
and evening lighting create a restorative space that promotes relaxation, stress reduction, and
psychological safety.
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Beyond intentionally designed spaces that support self-management, the long-term
impact of self-care depends on core competencies: self-efficacy, self-regulation, and self-
compassion. Figure 4 illustrates this multidimensional model of optimized self-care. In
chronic care, self-efficacy—the belief in one’s ability to manage and improve health—can re-
duce headache-related disability and improve adherence to behavioral therapies [359–361].
Self-compassion (positive attitude toward the self) and self-regulation (the ability to man-
age thoughts, emotions and actions) are connected and vital for health outcomes [362].
For example, self-compassion supports health behaviors and is associated with better
physical health, sleep and emotional regulation [363,364]. Self-regulation encompasses self-
monitoring, feedback and goal setting to improve health behavior changes and sustained
therapy outcomes [365]. When combined, the core self-care competencies and the three
pillars of the therapeutic home environment form the foundation for sustained engagement
in health-promoting behaviors.

 

Figure 4. Multidimensional components of personalized self-care interventions for chronic conditions,
as exemplified by managing migraine and comorbid conditions. Optimal self-care emerges from the
interaction of self-management behaviors with core self-care competencies, including self-efficacy
(confidence and knowledge), self-regulation (goal setting and self-monitoring), and self-compassion
(self-kindness and reduced self-judgment).

6. Multimodal Therapeutic Ecosystems for Migraine and
Associated Comorbidities

An example of a difficult-to-treat chronic condition is migraine, a debilitating disorder
characterized by headaches, photophobia, phonophobia, nausea, vomiting, comorbid anxi-
ety, depression, chronic pain and insomnia. In the US, it is estimated that over 40 million
people live with migraine [2,366]. Over 2 million Americans suffer from chronic migraine,
defined as having at least 15 monthly migraine days [2,367]. Approximately 5–10% of
migraineurs are diagnosed with refractory migraine [4,5]. Migraine affects twice as many
women as men, while the age prevalence peaks between 30 and 50 years old [368]. The
prevalence of headaches, including migraine, among US children (ages 0–17) is approx.
17% [369]. Chronic migraine affects approximately 0.8% of U.S. adolescents (ages 10–19),
or about 450,000 youth. [2,370]. More than 1 billion people worldwide live with migraine,
which ranks as the second leading cause of disability globally [371,372].
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As illustrated in Figure 5, migraine is a multifactorial neurological condition with com-
plex etiology and pathophysiology [373]. Migraine shows strong familial aggregation, while
polygenic risk scores predict both disease risk and response to pharmacotherapies. [374,375].
Lifestyle-related causes of migraine include stress, sleep disturbance, diet and physical
activity [376]. Environmental pollution can also increase the risk of migraines [141]. Mi-
graine triggers include hormonal changes, sensory overstimulation and certain foods [377].
Medication overuse is also known to exacerbate migraine headaches [378]. As a result,
migraine pathophysiology includes neurogenic inflammation, trigeminal system activation
and cortical spreading depression. The biopsychosocial model of migraine emphasizes the
interactions between genetic susceptibility, environment, psychological and lifestyle factors
that together can cause symptoms and influence therapy outcomes [379].

 

Figure 5. The multifactorial etiology and pathophysiology of migraine pose real-world challenges for
personalized therapies that can simultaneously provide a sustained freedom from migraine and associ-
ated comorbidities. Recommended biobehavioral therapies are based on American Headache Society
clinical guidelines [380]. ASMs—antiseizure medications, TCAs—tricyclic antidepressants; anti-
CGRP-MAbs—monoclonal antibodies targeting Calcitonin Gene-Related Peptide; CBT—cognitive
behavioral therapy.

Migraine is understood as a network disorder of sensory processing, arising from
dysfunction in neural systems regulating nociceptive and sensory inputs. The complex
pathophysiology involves both peripheral and central sensitization, abnormal thalamocorti-
cal connectivity, cortical hyperexcitability, and impaired habituation, which together disrupt
sensory filtering and amplify neural responses to otherwise normal stimuli [381–384]. As a
result, individuals with migraine experience heightened sensitivity to environmental and
internal triggers—including light, sound, stress, and sleep disruption. The pathophysiolog-
ical mechanisms underlying migraine are also linked to frequent comorbidities, including
anxiety, depression, chronic pain, and sleep disorders, reflecting shared neurobiological
pathways such as central sensitization, dysregulated serotonergic and dopaminergic signal-
ing, and altered pain and sensory processing networks [385–387]. These interactions are
often bidirectional, whereby comorbid conditions can both contribute to migraine onset
and arise as consequences of recurrent attacks. This complexity highlights the challenges
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in migraine management, which are shaped by overlapping neurological, behavioral, and
environmental factors.

Migraine management is primarily focused on pharmacological treatments [388–391].
Pharmacotherapies targeting the CGRP pathway are recommended as the first-line preven-
tive therapy for migraine [392]. However, low medication adherence rates for migraine
treatment and prophylaxis illustrate limitations of drug-based therapies [393,394]. FDA-
approved interventions include non-invasive neuromodulation devices, such as Cefaly and
Nerivio [395–397]. New migraine treatments include mobile apps and digital therapeutics
(DTx), as exemplified by a CT-132 mobile app (Click Therapeutics), the FDA-authorized
prescription digital therapeutic (PDT) [398–400]. CT-132 delivers a structured 12-week
behavioral program, including stress-reduction skills (e.g., breathing exercises, relaxation,
mindfulness) and decision-support guidance, intended to treat migraine alongside stan-
dard acute and preventive pharmacotherapies [401]. Mobile apps for migraineurs, such as
Migraine Buddy (Aptar Digital Health), enable self-management, education and tracking
triggers and symptoms [402].

Table 7 shows that pharmacological, device-based, behavioral, and lifestyle interven-
tions for migraine prevention can reduce monthly migraine days (MMD) by an average of
2–3, illustrating that the effectiveness of any individual modality might not be sufficient
for those with chronic migraine experiencing over 15 MMD. This table also highlights
the importance of multimodal therapies to achieve sustained migraine freedom [403,404].
While pharmacotherapies targeting the CGRP pathway are being recommended as the
first-line prophylactic treatment, these medications can now be paired with prescription
digital therapeutics (PDTs), such as mobile app CT-132, yielding drug + digital combi-
nation therapies [399,405,406]. Studies suggest that combining pharmacotherapy with
nonpharmacological interventions can further improve migraine outcomes [353,407,408].

Table 7. Examples of migraine prophylaxis modalities and their abilities to reduce monthly mi-
graine days (MMD) in episodic and chronic migraine. MMD data are based on meta-analysis or
randomized controlled trials (RCTs), and are not placebo-corrected. ASM—anti-seizure medication,
CGRP—calcitonin gene-related peptide, VGCC—voltage-gated calcium channel, GABA—gamma-
aminobutyric acid, NMDA—N-methyl-D-aspartate.

Intervention MMD Reduction Mechanism of Action References

Rimegepant 3.6 CGRP receptor antagonist [409]

Frenamezumab 2.2 Anti-CGRP monoclonal antibody [410]

Botox 2 Modulation of neurotransmitter release [411]

Topiramate 1 ASM modulation of VGCC and GABA-meditated
inhibition [412]

Propranolol 1.5 Non-selective beta-blocker [413]

Nerivio 4 Remote electrical neuromodulation of the conditioned
pain pathway [414]

DTx CT-132 (+Rx) 3 Cognitive/behavioral intervention targeting patient
responses to environmental and internal stimuli [399]

Magnesium
supplementation 1.7

Reduced hyperexcitability through modulating
NMDA receptors and glutamate release, reducing
neuroinflammation

[219,415–418]

Physical exercise 3.6
Modulation of pain modulatory network, hypoalgesia
and autonomic tone; reduction in chronic
inflammation, adaptive neuroplasticity

[351,419]
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Table 7. Cont.

Intervention MMD Reduction Mechanism of Action References

Yoga and breathing
exercises 1.4 Stress reduction, modulation of autonomic and

vascular tones, improving sleep quality [420–423]

Mindfulness-based
stress reduction 1.6 Stress reduction; self-regulation [217]

Relaxation training 1 Stress reduction; self-regulation [216]

Sleep hygiene 6.8 Regulation of circadian rhythm and hypothalamic
functions [424,425]

Education 2 Trigger awareness; improved self-efficacy and
self-management [217,426]

Migraine diary 2.4 Trigger awareness; improved locus of control and
engagement [427]

Placebo effect 1.8–5.6 Expectation, conditioning [428–432]

The main goal of migraine prevention is reaching either (a) “optimal control” (defined
as less than four MMD for three consecutive months), (b) “migraine freedom” (no MMD
for three consecutive months), or (c) “total freedom from headaches and associated symp-
toms” [403,433]. However, achieving optimal control or sustained migraine freedom in
people with chronic migraine (>15 MMD) or refractory migraine remains challenging, even
when prescription drugs reduce symptom severity and MMD by more than 50% [433–435].
The new generation of migraine prophylaxis medications is expensive and not univer-
sally covered by payers [436,437], while the current care model is insufficient with respect
to the gap between migraine onset and initiation of prophylaxis treatment [438]. In ad-
dition to problems with health insurance [439,440], migraineurs also face a shortage of
neurologists [441].

Given the complex etiology of migraine and the difficulty of achieving sustained mi-
graine freedom, the therapeutic home environment can help mitigate real-world contextual
factors that influence migraine prognosis. Figure 6 shows that managing migraine and its
comorbidities at home is affected by diverse, yet interconnected factors. Chronic stress,
environmental pollution, and sleep disturbance can worsen symptoms, whereas combining
biophilic and self-care interventions with drug + digital therapies may improve therapy
outcomes. These interactions support a multimodal ecosystem in which drug + digital
treatments are integrated with the therapeutic home environment.

The multimodal cure for migraine achieves sustained migraine freedom through inte-
grated pharmacological, behavioral, and environmental interventions that simultaneously
modulate disease pathophysiology and contextual drivers. As illustrated in Figure 7,
the formulation of a multimodal therapy to reach migraine freedom can include diverse
active ingredients, such as anti-CGRP pharmacotherapies, cognitive behavioral therapy,
health education, and personalized self-care interventions within the therapeutic home
environment. For example, optimizing a biophilic bedroom and sleep hygiene, while
practicing daily physical exercise and stress reduction in intentional home spaces, can
support autonomic, circadian, and emotional regulation. Because autonomic, circadian,
and emotional regulation converge on hypothalamic–brainstem–thalamic–limbic circuits
implicated in the pathophysiology of migraine and its comorbidities, these effects provide
a plausible mechanism through which biophilic interventions and self-care may reduce
sensory amplification and trigger susceptibility while alleviating comorbid symptoms.
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Figure 6. Example of real-world network interactions during migraine management at home, illus-
trating a broad range of daily contextual factors that can collectively influence disease outcomes.
Among mental health conditions, anxiety and depression are the most prevalent comorbidities. The
featured factors and their interactions are intended to capture the complexity of real-world challenges,
rather than depict direct causal relationships.

 

Figure 7. Proposed formulation of a multimodal ecosystem for migraine freedom comprising inte-
grated pharmacological, behavioral, and environmental interventions that simultaneously modulate
disease pathophysiology and contextual drivers within real-world settings. The image depicting the
drug + digital + home environment combination therapy is adapted from the original Figure 2 in [15].

When combined with magnesium supplementation and migraine tracking, daily
self-care interventions may enhance the likelihood of sustained migraine freedom. Self-
care practices that can lead to reduced MMD and comorbid symptoms are shown
in Tables 5 and 7, whereas features that can be incorporated into the therapeutic home
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environment for migraine are listed in Tables 3, 4 and 6. Integrating self-care with the
three pillars of the therapeutic home environment—biophilic design, indoor environmental
quality, and intentional self-care spaces—may be essential for helping individuals reach
sustained freedom from migraine and comorbidities, such as chronic pain, anxiety and
insomnia. We hypothesize that these therapeutic effects are mediated by downregulating
sympathetic activity, enhancing parasympathetic tone, reducing central sensitization, and
strengthening circadian rhythms, thereby stabilizing limbic–thalamic circuits.

We propose that integrating pharmacological, cognitive, behavioral, and therapeutic
home environment interventions within a multimodal ecosystem produces interconnected
physiological and experiential effects that simultaneously target shared neural circuits un-
derlying migraine and comorbid conditions. The combination of non-pharmacological and
pharmacological ingredients can be delivered via a digital health platform as drug + digital
combination therapies (also known as hybrid drugs) using a regulatory strategy of adjunc-
tive DTx, or “prescription drug use-related software” (PDURS) framework. By integrating
multiple modalities within a single ecosystem, such a digital health platform addresses mi-
graine as a network disorder in which daily physiological, behavioral, emotional, sensory,
and environmental inputs collectively contribute to long-term migraine outcomes.

7. Technology-Enabled Implementation of Therapeutic
Home Environments

The rapid expansion of AI and digital health technologies provides a pragmatic
pathway for implementing and scaling therapeutic home environments. For example,
therapeutic home environments can be delivered by medical-grade digital platforms that
integrate e-design, e-commerce, patient education and health coaching [14]. These plat-
forms can combine generative AI-powered interior design and visual attention software to
rapidly visualize bespoke biophilic interiors, while bridging a patient’s style and affective
appraisal with design principles [442–444]. In addition, wearable-based biofeedback can
further personalize biophilic design based on emotional responses [445].

For people living with migraine, recent collaborations between Aptar Digital Health
and ŌURA, and between Click Therapeutics and Ultrahuman, provide insights into an
emerging chronic care model in which combining mobile apps with wearable-based biomet-
rics and symptom tracking can improve therapy outcomes. Such mobile app + wearable
combinations integrate real-time data related to sleep, stress and physical activities with
actionable guidance, positioning the patient’s home as a continuous site of monitoring,
engagement and behavior change. When further combined with pharmacotherapies and an
optimized therapeutic home environment, biofeedback-based guidance illustrates a person-
alized approach to migraine management. This approach is compatible with AI-powered
health coaching that supports education and disease self-management at home [446]. It is
noteworthy that AI-powered digital health platforms delivering therapeutic home and be-
havioral interventions are also compatible with the PDURS framework, potentially yielding
a multimodal, end-to-end therapeutic ecosystem for chronic conditions.

People using at-home medical devices for chronic conditions—such as Nerivio REN
(Theranica, Bridgewater, MA, USA), Cefaly (Cefaly Technology, Seraing, Belgium), and
gammaCore (electroCore, Rockaway, NJ, USA) for migraine; Flow FL-100 tDCS (Flow Neu-
roscience, Malmo, Sweden) and Proliv™Rx (Neurolief, Coral Springs, FL, USA) for major
depressive disorder; ActiPatch (BioElectronics, Frederick, MD, USA), and Enso (Hinge
Health, San Francisco, CA, USA) for chronic musculoskeletal pain; and Modius Stress (Neu-
rovalens, Belfast, UK) and Alpha-Stim CES (Electromedical Product International, Mineral
Wells, TX, USA) for anxiety and insomnia—often rely on repeated, self-administered ses-
sions in their living spaces. A therapeutic home environment can enhance the effectiveness
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of these devices by optimizing a restorative environment that supports autonomic, circadian
and emotional regulation before and after each treatment.

8. Integration of Therapeutic Home Environments into Evolving
Healthcare Models

The patient home environment remains overlooked and underused in efforts to im-
prove chronic care outcomes. While the preceding sections focused on the mechanism
and applications of the therapeutic home environment, this approach also intersects with
broader shifts in healthcare delivery. Increasing emphasis on home-based continuity of care
and self-management highlights the relevance of daily living environments as modifiable
determinants of therapy outcomes. The therapeutic home environment does not represent a
new category of care, but rather an adjunctive layer that can complement pharmacological,
digital, and behavioral interventions. Situating this approach within healthcare models can
help clarify its relevance to health systems and payers.

Contextualizing the Therapeutic Home Environment Within Evolving Care Models. The ther-
apeutic home environment can be understood as an extension of healthcare delivery models
that increasingly emphasize decentralization, continuity of care, and non-pharmacological
treatments. As healthcare systems and payers respond to the growing burden of chronic
disease, the home has emerged as a point of care through hospital-at-home, remote patient
monitoring, and home-based specialty services. Within this landscape, the therapeutic
home environment addresses an important but underexamined dimension: the role of daily
environmental exposures and home-based self-care in providing clinically meaningful
benefits for people living with chronic conditions. Positioning the patient home as an
adjunctive intervention that complements other therapies aligns with a multidisciplinary
approach to chronic disease management.

Contributions to Healthcare Performance and Outcomes. Chronic conditions drive high
healthcare utilization, especially when symptoms and comorbidities are poorly controlled.
By reducing sleep disruption, chronic stress, and environmental triggers, the therapeutic
home environment may help prevent avoidable care escalation and improve long-term
outcomes for people with difficult-to-treat disorders (Table 1). This approach aligns with
efforts to enhance the real-world effectiveness of existing treatments. As healthcare systems
increasingly operate under risk-based and bundled payment models, contextual drivers
of outcomes become more consequential. By addressing environmental and behavioral
factors that influence disease prognosis, the therapeutic home environment supports ter-
tiary prevention. By enhancing autonomic, circadian, and emotional regulation, it is also
compatible with the primary prevention of lifestyle-related chronic conditions.

Patient Engagement. Engagement and adherence are major challenges in continuity
of care and chronic disease management. Behavioral science and environmental psychol-
ogy indicate that physical environments can function as persistent cues that reinforce
habits, self-regulation, and self-efficacy. By bridging daily living spaces with multimodal
therapy, this personalized approach (Figure 7) offers a means to support long-term en-
gagement that complements episodic clinical encounters. This is particularly relevant in
consumer-driven healthcare contexts where patient experience and perceived value influ-
ence participation. Growing willingness to engage with home-based wellness and digital
health technologies underscores the relevance of structured, evidence-based solutions that
can bridge consumer behavior and continuity of care. These trends are further reinforced
by people seeking health-related guidance from AI-powered chatbots.

By positioning the therapeutic home environment within healthcare-relevant frames,
we hope its value can be recognized by all stakeholders. This contextualization also
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supports the broader argument that optimizing the daily living environment is a meaningful
extension of multimodal chronic disease management.

9. Cross-Sector Value Proposition of Therapeutic Home Environments
Figure 8 illustrates the cross-sector value proposition of integrating therapeutic home

environments into a real-world ecosystem that spans healthcare and consumer markets. Ex-
amples of stakeholder groups include health technology companies (e.g., pharma/biotech,
medical devices, digital health), healthcare systems (payers, hospitals), employers, and
household-related businesses. The win–win opportunities extend across pharma/biotech,
medical devices, and digital health by enabling greater real-world effectiveness and im-
proved patient retention. For companies such as Pfizer, AbbVie and Eli Lilly that market
anti-CGRP drugs (Nurtec ODT™ (Pfizer, New York, NY, USA), Ubrelvy™ (AbbVie, North
Chicago, IL, USA) and Emgality™ (Eli Lilly, Indianapolis, IN, USA), respectively), integrat-
ing these drugs with a PDURS-based digital health platform offers a compelling end-to-end
scalable ecosystem to improve migraine prophylaxis.

 
Figure 8. Cross-sector ecosystem illustrating the therapeutic home environment as a shared value
asset connecting healthcare, consumer industries, and economic growth. Such real-world ecosystem
enables bridging health outcomes, reduced healthcare utilization, productivity gains, and differenti-
ated value propositions across diverse stakeholders.

Broad adoption and implementation of therapeutic home environments can help
employers increase productivity and reduce absenteeism among employees. While this
article’s focus is on the home environment, it is noteworthy that biophilic workplaces
can improve stress reduction, cognitive performance and job satisfaction, while also pro-
viding restorative effects, even including improved glucose control among people with
diabetes [125,447–449]. Finally, consumer-focused industries, e.g., real estate, home goods,
wellness, and fitness, gain opportunities to differentiate products and services through
health-oriented marketing and applications. By aligning financial incentives around a
shared therapeutic ecosystem, integrating the therapeutic home environment can drive
economic value across diverse consumer markets.
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10. Challenges, Limitations and Future Directions
Several factors may contribute to the underutilization of a patient’s home environment

as a means to improve therapy outcomes. For example, the amount and quality of research-
based evidence on the therapeutic effects of biophilic design for chronic conditions remain
significantly lower compared to evidence for specific self-care practices. We acknowledge
that the heterogeneity of existing evidence across research areas used to formulate the ther-
apeutic home environment is also a limitation of this work. From a healthcare perspective,
integrating therapeutic home environments into clinical practice will require established
guidelines based on high-quality evidence, preferably derived from systematic reviews
and meta-analyses.

Closing the knowledge and knowledge-practice gaps requires more research on the
long-term effects of optimized living spaces for people with specific chronic diseases. We
acknowledge the difficulty of establishing causal relationships between therapeutic home
environments and clinical outcomes, given the interdependent nature of environmental,
behavioral, and psychosocial variables. This challenge is further compounded by the lack
of validated metrics to quantify the therapeutic quality of home environments. Gener-
ating real-world evidence on the therapeutic home environment’s impact on long-term
therapy outcomes requires pragmatic studies that also use decentralized RCTs, combining
patient-reported outcomes with wearable-based data. Until evidence demonstrates clini-
cally meaningful benefits—such as reducing MMD or alleviating anxiety and depressive
symptoms—health insurance companies are unlikely to reimburse expenses associated
with optimizing the therapeutic home environment. Adoption of the therapeutic home en-
vironment approach across countries may vary depending on national healthcare systems,
clinical guidelines, and cultural and regulatory practices.

Implementation of the therapeutic home environments is determined by socioeco-
nomic factors, such as a person’s ability to afford improved housing conditions. In addition
to a person’s financial resources, optimizing the therapeutic home environment also de-
pends on (a) personality and personal style preferences; (b) type of housing (single-family
house, townhouse or multistory apartment unit); and (c) ownership, since renting limits
possible home improvements. All these variables make it difficult to create a standardized
formula for the therapeutic home environment that can be universally applied across
all households and chronic conditions. In addition, integration of therapeutic home en-
vironments with AI-driven platforms and wearable devices raises concerns regarding
data privacy, security, ownership, and regulatory compliance, which may limit adoption
and scalability.

A competition with the commercial determinants of health (CDoH) presents another
challenge for therapeutic home environments to provide clinical benefits, in particular
for people who struggle with difficult-to-treat neurological and mental disorders. CDoH
can negatively impact self-regulation, behavior change, circadian rhythms, and therapy
outcomes through persuasive marketing and exposure to ultra-processed foods and al-
cohol, digital overstimulation, chronic stress, and sedentary lifestyle. This is particularly
relevant for long-term outcomes, as sustained adherence to behavioral and environmental
interventions remains a real-world challenge, with engagement in disease self-management
and behavior change often declining over time.

Future studies focusing on the underlying mechanisms of biophilic design, particularly
in combination with self-care practices, could deepen understanding of their therapeutic
effects. While we highlight opportunities to improve outcomes for chronic migraine, fu-
ture research should also evaluate the generalizability of therapeutic home environment
interventions across diverse migraine populations, including differences in age, sex, so-
cioeconomic status, comorbidity profiles, and housing contexts. Of equal importance are
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studies investigating the effectiveness of therapeutic home environment interventions for
individuals living with chronic pain, anxiety, depression, and other chronic conditions.

Future directions should also leverage digital health platforms that unify behavior
change, engagement, continuous monitoring, therapeutic home environments, and longitu-
dinal data integration into a single ecosystem to address the gap between treatment efficacy
and real-world effectiveness. Such an approach could be driven by either pharmaceuti-
cal companies through PDURS-enhanced pharmacotherapies or value-based healthcare
systems focused on improving patient outcomes through tertiary prevention.

11. Conclusions
Over 50 million people in the US struggle with difficult-to-treat conditions, such

as chronic migraine, high-impact chronic pain, and treatment-resistant depression or
anxiety, highlighting real-world limitations of pharmacy care alone. Globally, chronic
diseases affect a substantially larger population. Transforming households into therapeutic
spaces remains an overlooked frontier in multidisciplinary chronic disease management
and lags behind substantial advances in pharmacological, digital health, and medical
device-based interventions.

This perspective exemplified migraine and its comorbidities to define the therapeutic
home environment as an important missing link in the end-to-end chronic care ecosystem.
By integrating biophilic design, optimized indoor environmental quality, and intentional
spaces fostering self-care, therapeutic home environments can enhance real-world effec-
tiveness of existing therapies for neurological, mental, neurodevelopmental, autoimmune
and cardiometabolic disorders, as well as cancer, chronic infections, and others.

Although this article focuses on difficult-to-treat chronic conditions and primarily
references adult populations, the therapeutic home environment is highly relevant for
children living with chronic conditions. Notably, exposure to health-supportive home
environments during early childhood may also represent an opportunity for improving
primary prevention of multifactorial chronic diseases. We hope this work catalyzes trans-
disciplinary research and encourages healthcare stakeholders to recognize the home as
an integral component of holistic, patient-centered care. From a practical perspective, it
also highlights opportunities for clinicians to discuss the home environment and self-care
with patients as modifiable factors that may improve the management of migraine and
comorbid symptoms.
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