
Human factors and inhalation
pharmaceuticals: Manifestations,
mitigations and regulatory issues

Abstract
Research studies have shown that a majority of
patients do not use pressurized metered dose
inhalers (pMDIs) and dry powder inhalers (DPIs)
correctly.1 Yet adherence is critical to helping
patients manage their disease and may adversely

impact meeting efficacy success criteria in clinical
studies, even before a drug is approved. Therefore,
pharmaceutical and device companies must be
proactive in understanding how, why, where and
when patients use inhalers and the ways those
conditions can effect inhaler use and adherence. In
this article, the authors will explore some of the
more common cognitive, physical, social and envi-
ronmental use challenges seen with pMDIs and
DPIs. They will also discuss how these devices can
challenge patients, the types of research that can
be employed to better understand these concerns,
and various mitigations that can be designed to
help improve inhaler usability and adherence.

Introduction
Patient adherence is an important objective for
physicians, yet many patients who are prescribed
an inhaler do not use it correctly. The International
Journal for Chronic Obstructive Pulmonary Disease
cites that an average of 40-60% of COPD patients
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adhere to the prescribed regimen, and only 1 in10
patients using a pressurized metered dose inhaler
(pMDI) perform all essential steps correctly.2 Such
difficulties can result in decreased effectiveness of
treatment, and in some cases can be the underlying
reason for hospital readmission. During a clinical
study, non-adherence may reduce the effectiveness
of a drug compared to a placebo. In addition, tasks
that may seem simple for a healthy patient can be
quite challenging for a person who has reduced
mental, physical and sensorial facilities. 

Co-morbidities such as diabetes, arthritis and
dementia can result in a reduction of physical abili-
ties in one or multiple areas, including decreased
hand strength, decreased fine motor skills, reduced
tactile sensation, and reduced vision, hearing or
taste. A patient’s cognitive ability can be affected
due to the impact of a disease and/or by medica-
tions that reduce memory function. Finally, environ-
mental factors such as low light or high ambient
noise can make it difficult for patients to under-
stand and effectively use inhalers.

To improve usability, manufacturers must consider
and explore how human and environmental fac-
tors affect user success. The following human fac-
tor challenges affect MDI users.

Cognitive challenges
Pressurized metered dose inhalers, which may seem
simple to operate, can be deceptively difficult to
use and understand. For instance, correctly coordi-
nating activation of a pMDI with inspiration can be
very trying. In particular, for patients with hand
weakness or fine motor skill challenges, correct tim-
ing of drug delivery can be especially complicated. 

Using DPIs can also be challenging. Unlike pMDIs,
DPIs require patients to inhale powerfully and
deeply. For patients who have pulmonary issues,
doing so can be quite difficult. Further, simply not
shaking or inadequately shaking the product
before use can have a profound impact on delivery
effectiveness. All of the issues described above can
result in a low dose or no dose condition. 

Physical challenges
Beyond the obvious physical manipulation and actua-
tion issues, many patients with impaired vision, tactile
and taste faculties can encounter difficulty while try-
ing to use a device. As taste is not a reliable way to
confirm dosing, many patients look to a dose indica-
tor or counter to confirm that they have received
their medication. However, patients who have im -
paired vision or who may use the device in an envi-
ronment that has inadequate lighting may find it hard
to correctly read a counter or confirm a dose has
been taken without audible or tactile confirmation. 

Patients who use capsule-based DPIs may perform
two inhalations to make sure they receive an entire

dose. Following the two inhalations, they will often
assess the used capsule to make sure it is empty.
Yet visual inspection of a used capsule is often dif-
ficult, as a thin film of powder is frequently stuck
to the inside of the capsule, making it hard to see if
the capsule is empty. 

Finally, patient information leaflets provided with
inhalers often use very small text, making them
complicated to read and understand proper set-up,
use and maintenance. That situation is further exac-
erbated in low light conditions.

Social challenges
Many patients have loved ones or caregivers who
want to make sure that patients have taken their
medications. Yet asking the patient if they took a
dose with an inhaler at the prescribed time—or
any medication for that matter—can lead to stress
or undermine a relationship with a patient. 

Dose indicators or counters, a relatively recent user
interface that is now a regulatory requirement, can
help caregivers to quickly assess if a dose has been
employed, but detailed note-taking can be required
to confirm that, and in some abnormal use situa-
tions, may not provide a reliable indicator of adher-
ence. This is further complicated when a patient
has a regimen of 5 to 10 medications, many requir-
ing multiple doses per day. 

Finally, in public places, discretion during use is
important, as some patients do not want to be con-
sidered or labeled as unhealthy or requiring med-
ication to manage a disease. 

Understanding user needs more
deeply
Most device development teams have a general
idea of the types of challenges that exist for users
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In the United States
the requirements for integrating human factors into the design of medical devices goes back to the late 1980s and early 1990s,

particularly with “Human Factors engineering guidelines and preferred practices For the design of Medical devices,” published

in 1993 by the Association for the Advancement of Medical instrumentation.1A

early guidance from the united states Food and drug Administration (FdA), also in 1993, in “Write it right—recommendations

for developing user instruction Manuals for Medical devices used in Home Health to Care,”2A initially focused on labeling but

later on device design as well.3A the most recent FdA position is espoused in their 2011 draft guidance.4A in the earlier guid-

ance—and more directly stated in the most recent guidance—the FdA has indicated that human factors considerations are

required to fulfill the requirements of 21 CFr part 820,5A the Quality system regulation of Medical device gMps, in which the con-

cept of design controls had just been included (1996) and required (May 1998). 

On their website, in a document entitled “Human Factors implications of the new gMp rule Overall requirements of the new

Quality system regulation [Qsr],”6A the FdA lays out the case as to why human factors are a regulatory requirement under the

law. in essence, they select specific portions of the Qsr, particularly elements of design controls. they state that the need for

human factors techniques or data in the design process is implicit in paragraphs c, f and g of section 820.30 (shown below).

they also note that human factors techniques and data should be an integral consideration in all the other design control com-

ponents as well.

c) Design input—Includes “needs of the user and patient” 

f) Design verification—For both establishing the design input for the user interface, and carrying out design verification, manu-

facturers should conduct human factors activities throughout the design program 

g) Design validation—“Design validation shall ensure that devices conform to defined user needs and intended uses, and shall

include testing of production units under actual or simulated use conditions.”

the consistent application of these requirements for medical device pre-market notifications and applications started in the

early 2000s. However, it was not until the middle of the 2000s that these requirements started to be applied to combination

products that were under review for approval under new drug applications (ndA) and biologics license applications (BLA) by

the Center for drug evaluation and research (Cder). Consultative reviews of these drug applications by the Center for devices

and radiological Health (CdrH), applying the concepts of what is now the 2011 guidance, started appearing in responses to

pre-submission review requests and as information requests in ndA and BLA reviews. soon, these were also elements in com-

plete response letters (CrLs). 

in addition, other Cder review teams started to apply the same concepts for their own purposes. Most notably, the division of

Medication error prevention and Analysis (dMepA) upon seeing the CdrH reviews, quickly identified the value of human factors

as a tool to prevent medication errors and began to add to the CdrH comments. they have since issued two7A of three8A

promised draft guidance documents addressing how human factors concepts and practices are to be applied to drug prod-

ucts. 

As such, the current FdA expectation is that the designers of drug delivery devices have robust human factors engineering pro-

grams and have completed sufficient human factors evaluations before use of the drug delivery device in clinical studies and

will provide substantive evidence that they have fully validated the use of the device and the associated instructions, per the

draft 2011 guidance, in an ndA or BLA. 

In the European Union
in the european union, since the Medical device directives (Mdd) were implemented in 1993,9A devices have always been

required to establish that they meet the essential requirements of safety and performance as detailed in Annex i of that

directive. 

the first element of these essential requirements addresses use safety:

the devices must be designed and manufactured in such a way that, when used under the conditions and for the purposes

intended, they will not compromise the clinical condition or the safety of patients, or the safety and health of users or, where

applicable, other persons, provided that any risks which may be associated with their use constitute acceptable risks when

weighed against the benefits to the patient and are compatible with a high level of protection of health and safety.

drug delivery products, when regulated as medical devices were always included, but the directive also required that drug

delivery products that were integrated with the drug and regulated under the pharmaceutical products directive10A were also

required to meet the same essential requirements. 

Article 1, paragraph 3 of the Mdd states:

If, however, such a device is placed on the market in such a way that the device and the medicinal product form a single

integral product which is intended exclusively for use in the given combination and which is not reusable, that single product

shall be governed by Directive 65/65/EEC. The relevant essential requirements of Annex I to the present Directive shall apply as

far as safety and performance related device features are concerned.

In 2007, isO/ieC 62366:2007—Medical devices—Application of usability engineering to Medical devices was published in the eu,

then harmonized by the end of 2008. As such, this became the de facto method of establishing that the essential requirements

addressing safe use of a device had been implemented and validated. 

Expectations for the future
Currently, there is significantly less regulatory scrutiny of human factors processes and results for combination products

approved under the Medicinal product directive (Mpd) in the eu than there is by the FdA in the us. However, human factors will

likely receive more examination if a proposed regulation11A is passed in the eu that will require notified Body review of these

dossiers before submission of a marketing authorization application (MAA) to the european Medicines Agency (eMA).

The regulatory basis for human factors
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of inhalers. However, it is strongly recommended
that development teams use research to gain a
deeper understanding of user needs specific to a
particular disease and to transform findings using a
user-centered design process. Broadly speaking, the
design process typically involves research, analysis,
design and usability assessment activities. 

Once an area of investigation is defined, develop-
ment teams often perform secondary and primary
research. Secondary research is used to help uncover
consumer and market trends, identify attributes for
key user types, known device complaints, competi-
tive drivers, competitive device assessment and regu-
latory and statutory requirements. This work helps
teams to form better questions and hypotheses
about potential user needs, abilities and behaviors. 

Primary research is then performed to evaluate use
hypotheses and establish definitive information
about target users’ abilities and expertise, behaviors,
routines, motivations, use environments and other
parameters. Most primary research is conducted
using a method called ethnography, wherein
researchers observe and learn about target users in
places where they would expect to use an inhaler
device. Other formative human factors methods can

Finally, human factors is starting to play a major role in the regulatory assessment of generic combination products, at least in

the us. the essence of generic drugs is that they can be substituted for the reference drug (rFd) by a pharmacist, without con-

sideration as to whether the user has already been trained on, or become familiar with, the use of the rFd. One solution is to try

to duplicate the design and use steps of the rFd, but that is impractical and may result in duplication of products that are less

than optimally designed for patient use. Another option, which seems to be the direction of the regulators in the us, is to require

successful validation of the generic device by users of the rFd without any training, essentially duplicating the worst commercial

use case. 

One fact is incontrovertible—human factors has become an essential element of the design of combination products and inte-

gral to their regulatory approval, even when they are regulated as drugs. 
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also be employed to understand patients’ abilities to
perform tasks and to understand interfaces or
instructions for use, packaging or labeling. 

These studies will be used to define design inputs
and provide critical information about various
aspects of the use experience. During this period,
potential use hazards will also be explored and
defined, and will be used to influence the develop-
ment of a risk management plan. 

Transforming research findings
Following creation of design inputs, development
teams will generate problem statements that are used
to inform and constrain concept development across
the device, interface, labeling, packaging and training.
Following multiple rounds of brainstorming, firms
will merge and optimize concept systems. Those con-
cepts need to be assessed to determine their fit to a
company. In addition, decisions must be made
whether a particular concept should be explored
quickly, delayed for later development or not pur-
sued. At a high level, three areas should be considered
when making an assessment: concept desirability,
concept viability and concept feasibility. Obviously,
some concepts are relatively easy to execute, whereas
others require significant resources and time to
ensure reliable, safe and easy-to-use solutions.

When faced with making a physical design change
to an existing inhaler, many development teams
will instead choose to enhance their instructions
for use (IFUs) or improve initial in-clinic use train-
ing, as these approaches are usually easier and less
costly to execute. Unfortunately, such actions alone
are often insufficient for truly improving device
usability. According to the FDA’s 2011 Usability
Draft Guidance, “Addressing use-related hazards by
modifying the device design is generally more
effective than revising the labeling or training.3

Consequently, this FDA recommendation was made
because many patients do not read patient informa-
tion leaflets and/or in-clinic training may be either
too brief or lack a rich user experience. 

Alternatively, leveraging secondary and primary re -
search findings, teams can begin to think smartly
about solving user challenges with approaches that
can lead to significant improvements. Manu fac turers
can implement a range of mitigations that can require
large or small effort, technical expertise and cost, as
well as speed of implementation. These can be consid-
ered short-term, mid-term and long-term mitigations.

Short-term mitigations
To address the issue of patients discarding IFUs,
manufacturers can develop instructions that remain
attached to the device, such as the on-package fold-
out labels found on bottles of aspirin or personal
deodorant containers. Contents of a quick-start
guide should highlight known issues in device

usability, providing both textual and visual cues to
drive correct use. Still, changes of this type can be
challenging from usability and cost perspectives.

If patients infrequently use a device or have cogni-
tive issues, pharmaceutical companies can enhance
the training experience by providing placebo train-
ing devices. These in-clinic practice devices simu-
late lifelike physical, audible and tactile reactions in
response to use and can provide feedback on suc-
cessful usage. Such practice devices can be used as
training tools or reminders about correct tech-
nique in demonstrations for physicians, patients
and caregivers and can be used for commercialized
drugs, as well as drugs being evaluated in clinical
trials. Though it may require more time and effort
to develop, firms can leverage outside design firms
who have experience making such devices. 

Mid-term mitigations
An emerging communications tool—software appli-
cations—can be leveraged by pharmaceutical com-
panies to teach correct inhaler use. Many compa-
nies presently incorporate rich, fresh content in
their sales demonstrations but may not use it within
patient instructions. However, by customizing such
content for various target users such as physicians,
training nurses, caregivers and patients, software
applications can provide rich, illustrative use sce-
narios in a video format and help users correctly
prepare, inhale, confirm dose and maintain inhalers.
For example, though not specific to drug delivery,
Philips Healthcare has integrated such training
methods for their automatic external defibrillators.4

Long-term mitigations
Pharmaceutical companies can employ digital solu-
tions to improve the cognitive and social challenges
previously discussed. For instance, digital screens
can help patients to know whether a full dose was
taken and when the next dose is due. Wireless con-
nectivity can also help communicate to patients
and caregivers if and when a dose has been taken
and provide reminders for refills, among other fea-
tures. Also, practice inhalers, such as simulators or
inhalers filled with a placebo, can be wirelessly con-
nected to personal electronics such as a smart
phone,  tablet computer or laptop to help improve
the training experience. Ulti mately, such technolo-
gies can help physicians monitor patient adher-
ence, thus helping them to assess compliance,
determine drug delivery success and more fully
understand the effectiveness of a given therapy. 

It is understood that there are regulatory hurdles
with both the mid-term and long-term mitigations
suggested above. The goal of implementing such
mitigations is to address user needs that are not
readily addressed with the current solution set
available to most manufacturers. 
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Conclusion
To address incorrect or incomplete use of inhalers,
manufacturers and pharmaceutical companies must
begin user research early in the development
process. Research methods such as ethnography and
user task analysis are among many approaches that
will help development teams understand target
users’ needs, abilities, behaviors, routines and envi-
ronments. Once this information is understood, the
development team should employ a robust human
factors process alongside an iterative design process.
This approach can generate patient- and practitioner-
centered solutions that address commercial, clinical,
regulatory and usability requirements. 
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