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ABSTRACT

The global burden of chronic diseases such as diabetes, HIV, schizophrenia, and hormonal imbalances continues to grow,

placing immense pressure on healthcare systems and patients alike. Traditional oral or short-acting parenteral therapies

are often hindered by poor adherence, leading to suboptimal outcomes, resistance development, and increased morbidity.

Long-acting injectable and implantable dosage forms offer a transformative approach to overcoming these limitations. By

providing sustained therapeutic effects over extended periods, these delivery systems represent a significant advancement

in chronic disease management. This review explores the principles, mechanisms, clinical applications, benefits, limita-

tions, and future potential of these advanced drug delivery platforms.
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INTRODUCTION

Chronic diseases such as diabetes, cardiovascular disorders,
HIV/AIDS, mental health conditions, and autoimmune diseas-
es necessitate lifelong pharmacological management.(1) The
success of these therapies, however, is not solely determined
by drug efficacy but also by the patient’s ability and willing-
ness to follow prescribed regimens consistently.(2) Unfortu-
nately, adherence to daily medications is often poor, with re-
ported nonadherence rates ranging from 30% to as high as
70% across various chronic conditions. This nonadherence can
be attributed to a multitude of factors including complex dos-
ing schedules, undesirable side effects, forgetfulness, psycho-
logical resistance to chronic medication use, and disruptions to
daily routines. Moreover, in low-resource or rural settings,
logistical challenges such as limited access to pharmacies,
transportation issues, and inadequate patient education further
exacerbate the problem.(3)

The consequences of poor adherence are profound. They in-
clude disease progression, increased risk of complications,
higher hospitalization rates, reduced quality of life, and a sig-
nificant financial burden on healthcare systems. For example,
in diseases like HIV, inconsistent dosing can lead to the devel-
opment of drug-resistant viral strains, while in conditions like
schizophrenia, missed doses often result in relapse and re-
hospitalization.(4)

To address these limitations, long-acting injectable (LAI) and

implantable drug delivery systems have emerged as innovative
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and practical alternatives. These advanced formulations are
designed to release therapeutic agents slowly and continuously
over a prolonged period, ranging from weeks to several
months, and in some cases, up to a year. The pharmacological
principle behind these systems involves sustaining consistent
drug plasma concentrations, thereby avoiding the peaks and
troughs associated with traditional dosing and minimizing both
toxicity and subtherapeutic exposure.(5)

By significantly reducing the frequency of administrationoften
to just once every few weeks or monthsthese systems alleviate
the daily responsibility placed on patients. This not only im-
proves adherence but also leads to better disease control, re-
duced symptom fluctuations, and enhanced overall treatment
satisfaction. Additionally, for healthcare providers, long-acting
systems enable more structured monitoring of therapy and
provide greater confidence that patients are receiving the in-
tended dosage consistently. Ultimately, these technologies
represent a shift from reactive, patient-dependent care to a
more proactive, sustained therapeutic model, aligning pharma-
cotherapy more closely with the biological demands of chronic

illness management.(6)

Advantages of Long-Acting Dosage Forms

One of the most compelling benefits of long-acting systems is
the reduction in dosing frequency. Instead of taking medica-
tions daily or weekly, patients can receive a single injection or

implant that provides consistent drug exposure for extended



periods. This reduces pill burden and improves adherence sig-
nificantly, especially in populations with mental health issues,
substance use disorders, or limited access to healthcare facili-
ties.Furthermore, these systems minimize the risk of fluctuat-
ing plasma drug concentrations, which can lead to break-
through symptoms or toxicity. Maintaining a steady-state drug
level enhances efficacy and reduces the risk of side effects
commonly associated with peak-and-trough plasma levels seen
in oral medications.

For healthcare providers, long-acting forms offer better control
over treatment regimens. They can verify compliance more
reliably, manage fewer medication errors, and observe im-
proved patient stability, especially in psychiatric and infectious

disease settings.(7-8)

MECHANISMS OF ACTION AND DELIVERY TECH-
NOLOGIES

Long-acting injectables are typically administered intramuscu-
larly or subcutaneously and may consist of drug-laden micro-
particles, nanosuspensions, or depot formulations. Upon ad-
ministration, the drug is released gradually through mecha-
nisms such as diffusion through a polymer matrix, erosion of
biodegradable carriers, or slow dissolution of drug crystals.
These methods ensure a controlled and prolonged release pro-
file that can last from a few weeks to several months.
Implantable systems are small, rod-shaped devices placed un-
der the skin, often in the upper arm or abdomen. They are de-
signed to release a precise amount of drug over time through
diffusion or degradation. Depending on the material used, im-
plants can be biodegradable, removing the need for surgical
removal, or non-biodegradable, requiring minor outpatient pro-
cedures for removal or replacement. The device’s composition
and design are tailored to the drug’s chemical nature and the

desired release kinetics.(9-10)

Clinical Applications in Chronic Disease Management
Mental Health Disorders

In psychiatry, adherence to medication is notoriously poor due
to lack of insight, stigma, and side effects. Long-acting injecta-
bles have revolutionized the treatment of conditions such as
schizophrenia and bipolar disorder. Antipsychotic drugs in long
-acting form, administered monthly or bi-monthly, significantly
reduce relapse rates, hospitalizations, and improve overall
functioning. These formulations ensure therapeutic coverage

even if the patient disengages from regular care temporarily.

(11)
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Infectious Diseases

In the management of chronic infections like HIV, long-acting
antiretroviral injectables have gained attention as a major ad-
vancement. Patients can now receive monthly or bimonthly
injections that maintain viral suppression without the need for
daily oral intake. This not only improves adherence but also
reduces the stigma and psychological burden of carrying or
taking pills daily. For conditions like tuberculosis, long-acting
therapies are being explored to simplify multi-drug regimens
and ensure completion of therapy, which is critical to prevent-

ing drug resistance.(12)

Endocrine Disorders and Women’s Health

Implantable hormonal systems have long been used in contra-
ception and hormone replacement therapy. These implants of-
fer up to three years of pregnancy prevention with minimal
user intervention. Similarly, in managing menopause or chronic
conditions like endometriosis, hormonal implants provide
steady therapeutic hormone levels without the inconvenience
of regular administration.(13)

In diabetes management, long-acting insulin formulations are
being investigated to provide steady basal insulin coverage.
While not yet widely available in implantable form, research is
ongoing into devices that could deliver insulin over weeks or

months, reducing the burden of multiple daily injections.(14)

Pain Management

For opioid use disorder, long-acting buprenorphine implants
provide continuous opioid receptor modulation, reducing crav-
ings and preventing withdrawal symptoms. These implants
support recovery by eliminating the need for daily medication
and reducing the potential for diversion or misuse. In chronic
pain management, long-acting local anesthetics or opioid im-
plants can reduce dependence on systemic analgesics, improv-

ing patient safety.(15)

Limitations and Challenges

Despite their advantages, long-acting systems are not without
drawbacks. The initial cost of these therapies is typically high-
er than traditional oral medications, which can limit accessibil-
ity, especially in low-income populations. Although the long-
term cost-effectiveness may be favorable due to reduced hospi-
talizations and complications, upfront expenses remain a barri-
er.(16)

Implantation procedures, although minor, are invasive and may

deter some patients. There is also a risk of site infections, in-



flammation, or device malfunction. Once administered, the
drug cannot be easily removed or stopped, which poses chal-
lenges in case of adverse reactions or changes in therapy. In
contrast to oral medications that can be stopped immediately,
reversing the effects of a long-acting depot requires medical
intervention.(9)

Patient-specific factors such as body weight, metabolism, and
immune responses can also affect the performance of long-
acting systems. Moreover, not all drugs are chemically stable
or effective in long-acting formulations. Developing suitable
candidates involves complex formulation science and regulato-
ry pathways, increasing the time and cost required for market

approval.(17)

FUTURE PERSPECTIVES

The future of long-acting delivery systems is promising. Re-
searchers are developing “smart” implants that can respond to
physiological signals or external triggers to release drugs on
demand. Such systems could revolutionize care by offering not
just sustained delivery but intelligent, adaptive therapy.(18)
Combination long-acting systems are also being explored, ca-
pable of delivering multiple drugs simultaneously for diseases
that require polypharmacy. This would further streamline thera-
py for complex conditions such as HIV with co-infections or
patients with multiple chronic diseases.(19)

Technological advances in biodegradable materials and minia-
turization are likely to make implants safer, smaller, and easier
to administer. Refillable implants and injectable microreser-
voirs are under development, potentially allowing years of
treatment with minimal invasiveness.(20)Global health appli-
cations are especially promising. Long-acting injectables could
reduce the burden on healthcare systems by minimizing the
frequency of patient visits, which is particularly important in
resource-limited settings. They also offer a more discreet op-
tion for patients concerned about stigma, especially in diseases
like HIV or mental illness.(21)

7. Conclusion

Long-acting injectable and implantable dosage forms represent
a significant evolution in the treatment of chronic diseases. By
shifting the paradigm from daily management to long-term,
sustained therapy, they address one of the most persistent barri-
ers to effective care—adherence. Although challenges remain
in terms of cost, drug selection, and implementation, the poten-
tial of these technologies to improve outcomes, enhance quality

of life, and reduce healthcare burdens is immense. Continued
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innovation, supported by policy and education, will be key to

realizing their full promise in global healthcare.
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