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NARRATIVE REVIEW

Low-Dose Sustained-Release Theophylline in Asthma Prevention:
A Pragmatic Option for Resource-Constrained Settings

Prof. Subhashchandra Daga™, Prof. Vikram Sakaleshpur Kumar?,

ABSTRACT 3 openaccess

Despite advances in asthma management, access to effective controller therapy remains limited in
many low- and middle-income countries because of cost, availability, inhaler technique, and
adherence barriers. Low-dose sustained-release theophylline possesses anti-inflammatory properties
distinct from its traditional high-dose bronchodilator use and may offer a pragmatic alternative in
resource-constrained settings. We reviewed evidence supporting the efficacy, safety, adherence, and
affordability of low-dose sustained-release theophylline for asthma prevention, including a narrative
review of published studies evaluating its use in asthma, with an emphasis on symptom control, safety,
adherence, and cost considerations relevant to low-resource settings. Clinical studies have
demonstrated improvements in symptom control, nocturnal asthma, peak expiratory flow, symptom-
free days, and reduced use of rescue medication. At serum concentrations below those traditionally
used for bronchodilation, theophylline exhibits anti-inflammatory effects with a substantially lower
incidence of adverse reactions. Oral administration may improve adherence compared with inhaled
therapies in some settings. Available evidence also suggests substantially lower treatment costs than
inhaled corticosteroid-based regimens. We conclude that, although inhaled corticosteroids remain the
standard controller therapy, low-dose sustained-release theophylline remains an underutilized option.
Reconsideration of its role as an adjunct or pragmatic alternative in selected low-resource settings may
help address persistent inequities in access to asthma prevention. Contemporary clinical studies are
needed to further define its place in asthma management.

What does this study add?

Low-dose sustained-release theophylline, used for its anti-inflammatory rather than bronchodilator
effects, deserves re-evaluation as a controller option where access to standard inhaled therapies
remains limited.
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Introduction

Despite major advances in asthma management, effective controller therapy remains inaccessible to large
populations in low- and middle-income countries because of cost, limited availability, poor inhaler
technique, and adherence challenges. As a result, many patients continue to rely predominantly on short-
acting bronchodilators, contributing to preventable exacerbations and deaths™. Global asthma guidelines
appropriately prioritize inhaled corticosteroids; however, substantial implementation gaps remain in many
low-resource settings, where affordability, availability, and inhaler adherence continue to limit effective long-
term control. Therapeutic recommendations that are inaccessible to large populations may have limited
real-world impact. Pragmatic and affordable alternatives, therefore, deserve continued evaluation.

Although asthma guidelines have become increasingly evidence-based, implementation remains uneven
across much of the developing world. Controller medications are frequently unavailable in government
facilities; many patients cannot afford long-term inhaled corticosteroids; inhaler technique is often
suboptimal; and treatment adherence declines over time. Consequently, many patients continue to depend
on short-acting bronchodilators, leading to frequent exacerbations, hospitalizations, and deaths. This
discrepancy between guideline recommendations and real-world practice underscores the need to evaluate
affordable oral controller therapies that can be delivered through existing health systems.

Many clinical studies evaluating theophylline predate contemporary asthma management strategies; the
consistent demonstration of anti-inflammatory activity at low serum concentrations suggests the drug may
remain relevant in selected resource-constrained settings. While inhaled corticosteroids (ICS) as preventers
and beta-agonists as relievers are currently the standard treatments, their cost and delivery mechanisms
pose challenges in low-resource settings®®.

The paper does not argue for replacing inhaled corticosteroids, but rather for reconsidering low-dose
theophylline as an adjunct or pragmatic alternative when standard controller therapy is inaccessible or poorly
adhered to. This gap between evidence-based recommendations and their implementation highlights the
need to evaluate affordable, practical controller therapies that can be delivered through existing healthcare
systems in resource-constrained settings.

Theophylline: Bronchodilator and Anti-inflammatory Dose

A major reason for continued skepticism about theophylline is historical concerns about its toxicity at higher
bronchodilator doses. Theophylline has historically been used as a bronchodilator at relatively high serum
concentrations, typically 10-20 ug/mL, where adverse effects such as nausea, vomiting, arrhythmias, and
seizures were more common. These toxicity concerns contributed substantially to the decline in its use
following the introduction of inhaled beta-agonists and corticosteroids. However, low-dose sustained-
release theophylline differs fundamentally from the traditional high-dose bronchodilator approach. At lower
serum concentrations, generally below 10 pg/mL, theophylline demonstrates clinically relevant anti-
inflammatory effects with a substantially lower incidence of adverse reactions. Experimental and clinical
studies suggest that low-dose theophylline may reduce airway inflammation and improve symptom control
without many of the toxicities associated with higher bronchodilator doses. The anti-inflammatory action is
attributed to HDAC2 activation, corticosteroid sensitivity, cytokine suppression, and eosinophilic
inflammation®. Thus, the contemporary reconsideration of theophylline centers primarily on its low-dose
anti-inflammatory role rather than on its historical use as a high-dose bronchodilator.

The disease burden due to childhood asthma in low-resource settings is also high because of the lack of
treatment guidelines tailored to the country's income level®”. The Global Alliance Against Respiratory
Diseases (GARD) and the WHO suggest that the guidelines should also consider costs®.

Medical Research Archives | https://doi.org/10.18103/mra.v14i7.7686 3



https://doi.org/10.18103/mra.v14i7.7686

THE EUROPEAN SOCIETY OF MEDICINE

This narrative review was undertaken to summarize clinical evidence regarding low-dose sustained-release
theophylline as maintenance therapy for asthma. Relevant publications were identified through PubMed
and Google Scholar using combinations of the terms "theophylline”, "low-dose theophylline", "sustained-
release theophylline", "asthma", "anti-inflammatory", "maintenance therapy", and "resource-limited
settings". Priority was given to randomized controlled trials, comparative studies, observational studies, and
international guidelines relevant to asthma management. Additional references were identified from the

bibliographies of selected articles.

Evidence Supporting Reconsideration

Efficacy: A double-masked crossover trial in 15 children showed reduced nocturnal symptoms and improved
peak expiratory flow with bedtime sustained-release theophylline®. Theophylline reduced symptomatic
days more effectively than inhaled beta-agonists, both alone and in combination”. Compared to placebo,
theophylline increased symptom-free days and reduced rescue medication use®. In head-to-head trials,
theophylline was as effective as inhaled beclomethasone and comparable to montelukast and budesonide®.

Safety and Adherence:

Physicians certified by the Japanese Society of Allergology conducted a survey to evaluate the safety of
theophylline involving 3,921 patients with chronic bronchitis and emphysema from 66 institutions. This
survey did not observe any serious adverse reactions; however, 54 patients (1.38%) experienced non-serious
adverse reactions. The authors concluded that sustained-release theophylline was reasonably well tolerated
when used in accordance with the JGL guidelines, which recommend target blood concentrations of 5-15
mcg/mL and a daily dose of 400 mg for controller use/?. In a 6-month study conducted in a low-resource
setting, the number of emergency visits among 40 children decreased from 32 to 1. The study did not
monitor serum theophylline levels"”. Compliance was higher with oral theophylline than with inhaled anti-
inflammatory drugs!'?. Dropout rates did not differ significantly between theophylline and placebo groups'™.

Cost Considerations. Monthly costs for ICS therapy (~US$3) were 6 times higher than those for theophylline
(~US$0.50) in a low-resource setting"?. In the US, 1 in 6 adults with asthma report cost-related nonadherence!?.

Limitations to theophylline use

Theophylline has important limitations, including interindividual variability in metabolism, monitoring issues,
potential drug interactions, and toxicity at higher serum concentrations. Contemporary large-scale pediatric
trials are limited.

Conclusion

The principal contribution of this review is not to challenge the role of inhaled corticosteroids as standard
therapy, but to highlight the potential value of low-dose sustained-release theophylline as a neglected, yet
affordable and scalable option for asthma control in settings where implementation of guideline-
recommended care remains difficult. Given the persistent inequities in asthma care worldwide, modern
randomized clinical trials are warranted to redefine the role of theophylline in contemporary asthma
management.
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