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Low- and middle-income countries (LMICs) contribute to a major proportion of asthma morbidity and mortality globally, even though the prevalence is higher in high income countries. Mortality due to asthma is avoidable and patients should be able to live a near normal life. There are factors that influence overall disease prevalence and poor health outcomes due to asthma in LMICs. This article summarizes the gaps in asthma diagnosis and management in LMICs. The gaps are diverse. Each challenge needs to be addressed through policy decisions, upgrade of infrastructure, knowledge and skills for early diagnosis and correct management among health care providers, both clinicians and paramedics. Healthcare accessibility and affordability are genuine challenges, and the public healthcare system needs to be geared up to address these at primary and tertiary levels. Mass education of the population through national level government initiatives is needed to help bridge the sociocultural gaps.
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Introduction

Globally, asthma is the most prevalent chronic respiratory disease (1). 262.4 million people suffer from asthma worldwide (1). The recent Global Asthma Network (GAN) Phase-1 study (2) reports a higher prevalence of asthma in high income countries as compared to low-and middle-income countries (LMICs). However, severe asthma and high mortality due to asthma is seen more in LMICs (1, 2). 96% of global asthma mortality occurs in LMICs (3). This avers that in LMICs, there are likely to be several gaps in diagnosis and management of asthma which may be leading to poorly controlled asthma, severe asthma, poor quality of life and asthma mortality, which is avoidable, (4) as is the economic burden, if asthma is managed appropriately (5).

The gaps are multifaceted, multifactorial and can be classified as patient related, healthcare provider related, healthcare systems related, and policy related. Figure 1 gives a bird's eye view of the gaps.
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FIGURE 1
Gaps in asthma care in LMICs—a bird's eye view.




Patient factors

Asthma is associated with several stigmata due to which, patients are not willing to accept the diagnosis (6). Patients and their care givers believe asthma to be a debilitating condition, incurable, often fatal and they prefer not to have a diagnosis of asthma (7). In LMICs, societal and cultural norms are at odds for asthma particularly if it's a woman suffering (6). Patient perception of the condition is a major factor for poor control (8). Despite persistent symptoms, patients of asthma do not realize that they are uncontrolled (9, 10). Many ignore the warning signs of an acute exacerbation and believe they will be able to manage their exacerbations on their own (10). They lack awareness about what the correct treatment for asthma is. In the Asia Pacific Asthma Insights and Management (APAIM) Survey, in India, though 83% and 68% patients respectively reported to be taking reliever and controller medications, 89% were taking these orally. This may explain why India reported the highest number of exacerbations, loss of work or school and night-time awakenings, with the worst level of asthma control amongst the nine countries studied in the APAIM (11). In a study conducted in Nigeria, use of over-the-counter oral steroids as a quick fix for symptoms was the second strongest predictor of poor asthma control (12). Use of systemic corticosteroids (SCS) both short term and long term is associated with several side effects like cardiovascular events, osteoporosis, metabolic syndrome, diabetes etc. SCS have also been shown to increase dose-dependent all-cause mortality among asthmatics (13).

Health care seeking behavior of asthmatics in LMICs is poor. Most prefer to go to the government sector which, in most LMICs, is not well equipped to handle asthma. Private sector health facilities are better equipped but are accessed mainly by patients from the upper socio-economic strata (14, 15). Most patients remain unaware of their diagnosis until they reach a tertiary care center (14). Even in high-income countries, the South Asian population which largely comprise expatriates from LMICs has a poorer health seeking behavior. Most rely on care from family even in exacerbations or prefer alternative medicine (6, 16). At a government hospital in Zimbabwe, only 30% of all patients seeking asthma care came from the rural area due to challenges in accessibility. Several social, economic, and cultural aspects make it difficult for people in rural areas to access healthcare (17).

Poor adherence is a major factor causing poor control of the disease. Involuntary poor adherence occurs when patients do not use their inhalers correctly (18, 19) or have not understood the dosage regimen. Dhadge et al. from India found that despite appropriate training, patients made critical mistakes in use of inhalers within the first 24 h which sequentially increased at 7 days and 28 days respectively (20). Fear of side effects, non-awareness about the need to continue inhalers despite good symptom control, fear of addiction, are some reasons why patients voluntarily discontinue their asthma medications (21, 22). Non-availability of inhalers and economic constraints are responsible for poor adherence in LMICs (12, 23). Inhaled salbutamol and budesonide respectively cost between 0.5 and 1 day worth of daily wages lost which is difficult for daily wage workers to afford (24). Poor health literacy and unrealistic expectation of cure rather than control also leads to poor adherence (25).

Lifestyle related factors specific to LMICs cannot be ignored. In a study conducted in Puducherry (Pondicherry) in South- India, lack of proper exhaust in the kitchen was implicated in development of asthma (26). Biomass fuel was responsible for lack of asthma control and increased severity of asthma in Nigeria (27). Poor indoor air quality, higher prevalence of fungal sensitization, presence of damp walls, presence of molds, third hand smoking are all associated with development of, and poor control of asthma (28, 29). Maternal smoking was the only independent risk factor associated with hospital admissions due to asthma exacerbation in children in Columbia (30). In absence of a family history of atopy, lack of knowledge of these environmental factors that increase the risk of asthma, can lead to denial of the diagnosis (7).



Physician related factors

Asthma suffers gross underdiagnosis and misdiagnosis. Only a fraction of patients with symptoms of asthma are ever diagnosed as asthma by their health care providers. In the GAN Phase 1 study conducted at nine centers in India, 82% of current wheezers and 70% of patients with severe asthma were not clinically diagnosed to have asthma (31). Arjun et al. have found that only 11.3% patients had a diagnosis written despite having received treatment for asthma (14). The reasons for this may be manyfold.

In LMICs, the doctor-patient ratio is low (32). Asthma is a chronic condition which requires unconventional form of therapy, for long term and suffers several myths and misconceptions amongst the population. To manage asthma, the barriers of these myths need to be broken and patient concordance should be obtained. Doctors need time for this, which they do not have due to a huge burden of patients. In most LMICs doctors spend just about 2–3 min with each patient. An average duration that a practitioner in Bangladesh gives a patient is just 48 s which is the lowest globally. Afghanistan, China, India, all fall short of even 5 min (33). Within this short time span, it is impossible for a primary healthcare provider to take a good clinical history, perform spirometry or peak flow reading, conclude the diagnosis, prescribe correctly, teach inhaler technique, and explain to the patient about the disease. An easier way which most resort to, is to continue to prescribe the conventional though inferior medications. If they refer their patients to a specialist, they risk losing them, which is detrimental to their practice. If the doctor labels the case as asthma or prescribes inhalers without proper counselling, patients are likely to go doctor shopping if they disagree with the doctor's diagnosis or do not believe in the treatment (34).

The heterogenous presentation of asthma is often confusing. Asthma is inappropriately perceived as a disease of breathlessness and wheeze, mandatorily associated with family history of allergy (7). In LMICs, pediatric asthma cases are often misdiagnosed as pneumonia or bronchiolitis (35). Physicians are unable to differentiate between asthma and Chronic Obstructive Pulmonary Disease (COPD) and often use the terms interchangeably. In a tertiary care hospital in South Africa, one out of every five patients was labelled as asthma during one visit and COPD during the next (36). This study also reported that those asthmatics who were labelled appropriately remained well controlled on regular controller therapy emphasizing the need for proper diagnosis and labelling.

Every patient with an acute exacerbation should be initiated on controller therapy. However, in LMICs, adherence to guideline-based management of asthma exacerbations is poor. In an audit conducted in a Nigerian hospital regarding management of exacerbations, only 19.1% patients were prescribed controller therapy at discharge while most (58.8%) were discharged on oral steroids only (37). In Ecuador, very few of the participants who had been enrolled in a study at their first exacerbation, had received controller therapy (38).

Spirometry, the objective diagnostic tool for asthma, is not yet optimally utilized by healthcare providers. Limited availability, lack of trained manpower to perform spirometry, poor understanding of interpretation of the test, perceived relatively high costs, all contribute to underutilization of spirometry (39, 40). The Global Initiative for Asthma (GINA) (41) recommends use of peak expiratory flow meter (PEFM) to demonstrate variable airflow obstruction for diagnosis of asthma in resource limited setting. However, PEFM is not yet being utilized due to lack of knowledge of its clinical utility and poor availability particularly in LMICs (42).

Even among those diagnosed with asthma, only a fraction receives guideline-based therapy. In a prescription audit conducted in India it was found that only 10%, 26% and 7% prescriptions from graduate, postgraduate and superspecialist physicians respectively, contained inhaled corticosteroids (ICS) + long-acting beta2 agonists (LABA) (43). In South Africa, only 38% of patients with mild asthma were prescribed ICS. Market analysis of prescribed medication for respiratory diseases showed dominance of prescription of short-acting beta2 agonists (SABAs) over ICS by 3.6 times (44). Salvi et al. in India found that only 6.8% of asthma patients were procuring ICS for their asthma treatment. Moreover, state wise analysis and comparison with mortality and disability adjusted life years (DALYs) showed that lower the sales of ICS, higher was the mortality and DALYs due to asthma in the state (45).

There is an overuse of SABAs and other bronchodilators in LMICs. 93% of asthma prescriptions audited in a tertiary care hospital in Gujarat, a western state in India, contained a prescription of oral methylxanthines and 28% had oral salbutamol. 71% prescriptions did have a combination of ICS and LABA, but most patients were also given unwarranted prescriptions of an average of 4.75 drugs consisting oral xanthines, oral steroids, antibiotics, antihistamines, H2 blockers or proton pump inhibitors without any history of concomitant gastroesophageal co-morbidity or infections or allergies (46). In a tertiary care hospital in Pune, India, SABAs were found to be over prescribed (≥3 canisters per year) in about one fourth of the patients (47). Similarly, in seven cities in Columbia, 43.2% patients used three or more than three canisters of SABA in a year and 25.2% were prescribed ≥10 canisters (48). Additionally, over-the-counter procurement of SABA was done by 8% and 17.6% in Pune and Columbia respectively. Similar overprescription of SABA was associated with poor health outcomes in Africa and Latin America (49, 50).

Emerging comorbidities and newer phenotypes may be complicating management for doctors. In the GAN Phase 1 study in India, prevalence of Allergic Rhinitis (AR) was about 9.8% amongst adults. Presence of AR was associated with a 4.5 times higher risk of having wheeze in the past 12 months and about 2.5 times higher need for nebulized medication for relief of their symptoms (51). In a study conducted among adolescent school children using a questionnaire and spirometry in the highly polluted city of Delhi in India, the only significant risk factor that was associated with development of asthma was high body mass index (BMI) (52). Global Burden of Diseases (GBD) data has shown that a high BMI increases the risk of asthma mortality and morbidity and is an emerging factor that doctors in LMICs may not be aware of (53).

All these factors warrant need for continuous medical education programmes for practicing clinicians. Evidence based, updated, interactive programmes either online or physical, have been shown to bridge the knowledge and practice gaps in asthma diagnosis and management. The pharmaceutical industry plays an important role in keeping clinicians updated with educational material about latest guidelines and information about newer and safer drugs that are being added to the armamentarium of asthma management. The industry may also support by disseminating this information through educational activities to ensure that doctors are updated with latest advances, and patients receive state of the art care (54–56).

Trained technicians or respiratory therapists can support physicians in performing spirometry, training patients on how to use peak flow meter and inhaler devices, checking device technique during follow ups and providing asthma education to patients. In India, however, trained respiratory therapists are usually engaged in acute care, mostly in intensive care units at private hospitals (57). Government hospitals do not have a designated post for a respiratory therapist or a pulmonary function technician. The role of asthma nurses in improving health outcomes in asthma patients from high-income countries is well established. A similar cadre needs to be created in LMICs.

In India, medical schools focus more on infectious diseases, mainly tuberculosis and pneumonias, even though most patients seen in respiratory outpatient departments are of asthma (29.8%) rather than COPD (15.6%) or respiratory tract infections (11.3%) or tuberculosis (8.7%) (15). GBD data has shown an increase in prevalence of asthma between 1990 and 2016 (58) while the prevalence of tuberculosis in India has decreased significantly in two decades from 1990 to 2019 (59). Yet respiratory departments are predominantly considered as departments of tuberculosis. For medical students, because rotations in respiratory department is not compulsory, students do not learn how to diagnose and manage asthma appropriately. They do not know the correct technique of using inhaler devices. In a study conducted in a tertiary care center in India, less than 2% of graduate and post graduate students of medicine knew how to use a pressurized metered dose inhaler (pMDI) or a pMDI + spacer correctly (60). In a tertiary care hospital in Mumbai, India, the healthcare providers including physicians fared just as bad as the patients in use of inhaler devices (61). There is a need to have focused, skill-based training sessions on diagnosis and management of asthma for medical students.



Health systems

There is an unequitable distribution of resources between government and private sectors in LMICs. The gold standard diagnostic test, spirometry, is not available in rural areas. Even in urban areas, spirometry is available in limited tertiary care centers which usually lack skilled technicians who can perform acceptable spirometry tests (62). There is disparity in availability of inhalers in the public health care system which is the primary healthcare provider system for rural and economically challenged patients (23, 63–65). In many LMICs, basic asthma medications are absent in the essential medications list (66). A systematic review of data from 60 LMICs found that asthma medications were either not available or were too costly. Salbutamol inhaler costed around 1–4 days' wages, ICS cost about 2–7 days' wages, and a combination inhaler of ICS + LABA cost at least 6 days' of daily wages which is largely unaffordable for patients of low socioeconomic strata (67). There are differences in the resource distribution in urban and rural areas (14, 26, 68, 69). Even in high income countries, low economic status is known to have a poor health outcome with higher exacerbations rates and more emergency visits (70). Sri Lanka, however, is an exception and has achieved equitable and affordable distribution of essential drugs for asthma in both public and private sector indicating optimistic possibilities for public health facilities of other LMICs (71).



Health policies

Government health departments in LMICs have a larger focus on communicable diseases. In India, the first government programme for non-communicable diseases called as National Programme for Prevention & Control of Cancer, Diabetes, Cardiovascular Diseases & Stroke (NPCDCS) was launched in 2010 (72). Chronic respiratory diseases, particularly COPD and asthma have been included in 2016 and the detailed guidelines have been issued as recently as 2021 (73). However, asthma is but a component of the NPCDCS though it deserves a separate National Asthma Control Programme. Such a program could help address the challenges and gaps in asthma management using a multi-pronged approach like the Asthma Right Care movement initiated by the International Primary Care Respiratory Group. Asthma right care is a multidisciplinary approach to improve asthma healthcare by first drawing attention to all the lacunae and challenges, and then initiating a dialogue between all stake holders including patients, healthcare providers, pharmacists, researchers, and policy makers to address those (74). The Programme for Control of Asthma in Bahia (ProAR) is another such example of a public health initiative supported by the Government which intervened at multiple levels in the city of Bahia in Salvador province of Brazil with free medical care, pharmaceutical assistance (inhaled medication), patient education, healthcare skill development and research to significantly reduce the asthma hospitalizations by 82.3% within a span of 8 years (75). The World Allergy Organization has raised a call to action to reduce the use of systemic corticosteroids through optimization of ICS, using SCS sparing strategies like addition of LABAs and biologics wherever applicable (13). A paradigm of successful health systems intervention is of The Finnish Asthma Programme initiated in 1994. Through upgrading knowledge of health care providers for early detection and correct treatment using ICS, education of patients, public awareness campaigns and environmental control The Finnish Asthma programme reduced the burden of disease over two decades, with a reduced duration of hospitalizations by 54% and reduced yearly cost per patient by 72% despite an increase in prevalence of asthma (76).



Conclusion

Asthma is a common respiratory condition unique due to its varied presentation, challenging diagnosis, unconventional form of therapy, long term nature and at best control but no cure. Additional challenges in LMICs are social stigma, lack of awareness amongst the population and health care providers alike, unequitable distribution of resources and perceived low priority amongst policy makers and government. It is time for interventions at all levels through a National Asthma Control Programme. Under the aegis of this programme, health ministries could initiate measures for upgrading infrastructure and upskilling resources for proper diagnosis and management of asthma. Diagnostic equipment, essential inhaled drugs and devices could be made available at the public health centers. Mass media campaigns for awareness can be driven. In the private sector, upgrading knowledge and practice skills of primary care doctors through continuous medical education programmes in public private partnerships can be initiated. Policy makers and medical societies can develop simple and practical diagnostic and management protocols and encourage implementation in public and private primary care sectors to ensure a standard level of care. Focus on asthma should be increased at medical school level and all students should be taught the correct technique of using inhaler devices. These interventions will herald a new era of asthma in LMICs with no more asthma deaths and patients living a good quality of life, despite asthma.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Author contributions

MB has written this perspective including literature search and preparation of complete manuscript and is solely responsible for all the contents in the article. The author has approved the article for publication.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Song P, Adeloye D, Salim H, Dos Santos JP, Campbell H, Sheikh A, et al. Global, regional, and national prevalence of asthma in 2019: a systematic analysis and modelling study. J Glob Health. (2022) 12:04052. doi: 10.7189/jogh.12.04052

2. Asher I, Rutter CE, Bissell K, Chiang CY, El SA, Ellwood E, et al. Worldwide trends in the burden of asthma symptoms in school-aged children: global asthma network phase I cross-sectional study. Lancet. (2021) 398(10311):1569–80. doi: 10.1016/S0140-6736(21)01450-1

3. Meghji J, Mortimer K, Agusti A, Allwood BW, Asher I, Bateman ED, et al. Improving lung health in low-income and middle-income countries: from challenges to solutions. Lancet. (2021) 397(10277):928–40. doi: 10.1016/S0140-6736(21)00458-X

4. Asher I, Bissell K, Chiang CY, El Sony A, Ellwood P, García-Marcos L, et al. Calling time on asthma deaths in tropical regions—how much longer must people wait for essential medicines? Lancet Respir Med. (2019) 7(1):13–5. doi: 10.1016/S2213-2600(18)30513-7

5. Surendran A, Singh RB. Economic burden of asthma among patients visiting a private hospital in south India. Lung India. (2018) 35(1):312–5. doi: 10.4103/lungindia.lungindia_474_17

6. Dhar R, Ip M, Kulkarni T, Kim SH, Perng DW, Yao X, et al. Challenges faced in managing adult asthma: a perspective from Asian countries. Respirology. (2020) 25(12):1235–42. doi: 10.1111/resp.13935

7. Østergaard MS, Kjaergaard J, Marie Kristensen M, Reventlow S, Poulsen A, Isaeva E, et al. Asthma in children under 5 years in rural Kyrgyzstan: a diagnostic vacuum? A qualitative FRESH AIR study. EMJ Respir. (2019) 7(1):97–108. doi: 10.33590/emjrespir/10314133

8. Gebremariam TH, Sherman CB, Schluger NW. Perception of asthma control among asthmatics seen in chest clinic at tertiary hospital, Addis Ababa, Ethiopia. BMC Pulm Med. (2019) 19(1):1–6. doi: 10.1186/s12890-019-0959-7

9. Ozoh OB, Ayuk AC, Ukwaja KN, Desalu OO, Olufemi O, Aderibigbe SA, et al. Asthma management and control in Nigeria: the asthma insight and reality Nigeria (AIRNIG) study. Expert Rev Respir Med. (2019) 13(9):917–27. doi: 10.1080/17476348.2019.1651201

10. Su N, Lin J, Chen P, Li J, Wu C, Yin K, et al. Evaluation of asthma control and patient’s perception of asthma: findings and analysis of a nationwide questionnaire-based survey in China. Journal of Asthma. (2013) 50(8):861–70. doi: 10.3109/02770903.2013.808346

11. Thompson PJ, Salvi S, Lin J, Cho YJ, Eng P, Abdul Manap R, et al. Insights, attitudes and perceptions about asthma and its treatment: findings from a multinational survey of patients from 8 Asia-pacific countries and Hong Kong. Respirology. (2013) 18(6):957–67. doi: 10.1111/resp.12137

12. Desalu OO, Fawibe AE, Salami AK. Assessment of the level of asthma control among adult patients in two tertiary care centers in Nigeria. J Asthma. (2012) 49(7):765–72. doi: 10.3109/02770903.2012.690478

13. Bleecker ER, Al-Ahmad M, Bjermer L, Caminati M, Canonica GW, Kaplan A, et al. Systemic corticosteroids in asthma: a call to action from world allergy organization and respiratory effectiveness groupmWorld Allergy Organ J. (2022) 15(12):100726. doi: 10.1016/j.waojou.2022.100726

14. Arjun P, Nair S, Jilisha G, Anand J, Babu V, Moosan H, et al. Assessing health-seeking behavior among asthma and COPD patients in urban south India. J Family Med Prim. (2019) 8(8):2714. doi: 10.4103/jfmpc.jfmpc_485_19

15. Sharma BB, Singh S, Sharma KK, Sharma AK, Suraj KP, Mahmood T, et al. Proportionate clinical burden of respiratory diseases in Indian outdoor services and its relationship with seasonal transitions and risk factors: the results of SWORD survey. PLoS One. (2022) 17(8 August). doi: 10.1371/journal.pone.0268216

16. Davidson E, Liu JJ, Sheikh A. The impact of ethnicity on asthma care. Prim Care Respir J. (2010) 19:202–8. doi: 10.4104/pcrj.2010.00013

17. Ndarukwa P, Chimbari MJ, Sibanda EN, Madanhire T. The healthcare seeking behaviour of adult patients with asthma at chitungwiza central hospital, Zimbabwe. Asthma Res Pract. (2020) 6(7):1–7. doi: 10.1186/s40733-020-00060-y

18. Chogtu B, Holla S, Magazine R, Kamath A. Evaluation of relationship of inhaler technique with asthma control and quality of life. Indian J Pharmacol. (2017) 49(1):110–5. doi: 10.4103/0253-7613.201012

19. Osman R, Ahmed K, ElSony A. Factors associated with uncontrolled asthma among Sudanese adult patients. J Pan Afr Thor Soc. (2021) 2:85–93. doi: 10.25259/JPATS_22_2020

20. Dhadge N, Shevade M, Kale N, Narke G, Pathak D, Barne M, et al. Monitoring of inhaler use at home with a smartphone video application in a pilot study. NPJ Prim Care Respir Med. (2020) 30(1):46. doi: 10.1038/s41533-020-00203-x

21. Mukhopadhyay P, Chakraborty S, Sarkar M. Detection of treatment adherence, disease control and its predictors in asthma patients by rural community level health workers. Natl J Community Med. (2022) 13(8):553–8. doi: 10.55489/njcm.130820222101

22. Fugate AR, Kadam AM, Ganachari MS. Prospective study of medication adherence pattern in chronic obstructive pulmonary disease and asthma patient’s in tertiary care teaching hospital. Indian J Pharm Pract. (2015) 8(2):78–83. doi: 10.5530/ijopp.8.2.6

23. Tabyshova A, Sooronbaev T, Akylbekov A, Mademilov M, Isakova A, Erkinbaeva A, et al. Medication availability and economic barriers to adherence in asthma and COPD patients in low-resource settings. NPJ Prim Care Respir Med. (2022) 32(1):20. doi: 10.1038/s41533-022-00281-z

24. Kotwani A. Where are we now: assessing the price, availability and affordability of essential medicines in Delhi as India plans free medicine for all. BMC Health Serv Res. (2013) 13(1):1–14. doi: 10.1186/1472-6963-13-285

25. Lahri M, Kumar S, Mitra A, Singh G. Is the unrealistic expectation of getting cured related to poor treatment adherence among Indian asthma patients? A hospital based mixed methods study from central India. J Family Med Prim Care. (2022) 11(6):3178. doi: 10.4103/jfmpc.jfmpc_1457_21

26. Kumar G, Roy G, Subitha L, Sahu S. Prevalence of bronchial asthma and its associated factors among school children in urban puducherry, India. J Nat Sci Biol Med. (2014) 5(1):59–62. doi: 10.4103/0976-9668.127289

27. Oluwole O, Arinola GO, Huo D, Olopade CO. Household biomass fuel use, asthma symptoms severity, and asthma underdiagnosis in rural schoolchildren in Nigeria: a cross-sectional observational study. BMC Pulm Med. (2017) 17(1):1–8. doi: 10.1186/s12890-016-0352-8

28. Olaniyan TA. A prospective cohort study on ambient air pollution, airborne pollen (and fungal spores) and respiratory morbidities including childhood asthma in adolescents from the Western Cape Province. (2014). Available from: http://hdl.handle.net/11427/29598

29. Agarwal R, Muthu V, Sehgal IS, Dhooria S, Prasad KT, Soundappan K, et al. Aspergillus sensitization and allergic bronchopulmonary aspergillosis in asthmatic children: a systematic review and meta-analysis. Diagnostics. (2023) 13(5):922. doi: 10.3390/diagnostics13050922

30. Rodríguez-Martínez CE, Sossa-Briceño MP, Castro-Rodriguez JA. Predictors of hospitalization for asthma in children: results of a 1-year prospective study. Pediatr Pulmonol. (2014) 49(11):1058–64. doi: 10.1002/ppul.22936

31. Singh S, Salvi S, Mangal DK, Singh M, Awasthi S, Mahesh PA, et al. Prevalence, time trends and treatment practices of asthma in India: the global asthma network study. ERJ Open Res. (2022) 8(2). doi: 10.1183/23120541.00528-2021

32. World Health Organization. (2016). Health workforce requirements for universal health coverage and the sustainable development goals. (Human resources for health observer, 17). World Health Organization. Available at: https://apps.who.int/iris/handle/10665/250330

33. Irving G, Neves AL, Dambha-Miller H, Oishi A, Tagashira H, Verho A, et al. International variations in primary care physician consultation time: a systematic review of 67 countries. BMJ Open. (2017) 7. doi: 10.1136/bmjopen-2017-017902

34. Sansone RA, Sansone LA. Doctor shopping: a phenomenon of many themes. Innov Clin Neurosci. (2012) 9(11–12):42–6. PMID: 23346518; PMCID: PMC3552465.

35. Magwenzi P, Rusakaniko S, Sibanda EN, Gumbo FZ. Challenges in the diagnosis of asthma in children, what are the solutions? A scoping review of 3 countries in sub-saharan Africa. Respir Res. (2022) 23:1–11. doi: 10.1186/s12931-022-02170-y

36. Mash B, Rhode H, Pather M, Ainslie G, Irusen E, Bheekie A, et al. Quality of asthma care: Western Cape province, South Africa. S Afr Med J. (2009) 99:892–96. eISSN: 2078-5135 print ISSN: 0256-9574.20460001

37. Oshikoya KA, Ogunyinka IA, Imuzei SE, Garba BI, Jiya NM. A retrospective audit of pharmacologic and non-pharmacologic management of childhood acute asthma exacerbation at Usmanu Danfodiyo University teaching hospital, Sokoto: adherence to global treatment guidelines. Front Pharmacol. (2020) 11:531894. doi: 10.3389/fphar.2020.531894

38. Ardura-Garcia C, Arias E, Hurtado P, Bonnett LJ, Sandoval C, Maldonado A, et al. Predictors of severe asthma attack re-attendance in Ecuadorian children: a cohort study. Eur Respir J. (2019) 54(5):1–8. doi: 10.1183/13993003.02419-2018

39. Vanjare N, Chhowala S, Madas S, Kodgule R, Gogtay J, Salvi S. Use of spirometry among chest physicians and primary care physicians in India. NPJ Prim Care Respir Med. (2016) 26(Figure 1):1–5. doi: 10.1038/npjpcrm.2016.36

40. Masekela R, Zurba L, Gray D. Dealing with access to spirometry in Africa: a commentary on challenges and solutions. Int J Environ Res Public Health. (2019) 16(1):62. doi: 10.3390/ijerph16010062

41. Global Initiative for Asthma. Globalstrategy for asthma management and prevention. (2023). Available at: www.ginasthma.org (Updated May 2023)

42. Ojo O, Ajibare A, Odeyemi A, Fapohunda T, Adeyeye O. Clinical utility of peak flow meter in asthma diagnosis and monitoring in low- and middle-income countries: a narrative review. Int J Med Health Dev. (2023) 28(2):87. doi: 10.4103/ijmh.IJMH_4_23

43. Bhattacharyya P, Paul R, Nag S, Bardhan S, Saha I, Ghosh M, et al. Treatment of asthma: identification of the practice behavior and the deviation from the guideline recommendations. Lung India. (2010) 27(3):141–4. doi: 10.4103/0970-2113.68315

44. Green RJ. Asthma control—is there a problem? S Afr Fam Pract. (2006) 48:32–6. doi: 10.1080/20786204.2006.10873373

45. Salvi S, Madas S, Ghorpade D, Gadhave S, Barne M. Is underuse of inhaled corticosteroids for asthma in India contributing to 42% of global asthma deaths? Lung India. (2022) 39(4):331. doi: 10.4103/lungindia.lungindia_600_21

46. Trivedi N, Acharya HR, Barvaliya MJ, Tripathi CB. Prescribing pattern in patients of asthma visiting outpatient departments of a tertiary care hospital: a cross-sectional, observational study. Int J Basic Clin Pharmacol. (2017) 6(3):587. doi: 10.18203/2319-2003.ijbcp20170818

47. Modi M, Mody K, Jhawar P, Sharma L, Padukudru M, Gowda G, et al. Short-acting β2-agonists over-prescription in patients with asthma: an Indian subset analysis of international SABINA III study. J Asthma. (2023) 60(7):1347–58. doi: 10.1080/02770903.2022.2147079

48. Pedrozo-Pupo JC, Pacheco Gallego MC, Banos Alvarez ID, Jaller Raad RA, Caballero Pinilla AC, Reynales Londono H, et al. A cross-sectional study on prescription patterns of short-acting β-agonists in patients with asthma: results from the SABINA III Colombia cohort. J Asthma Allergy. (2022) 15(1):1167–78. doi: 10.2147/JAA.S365009

49. Khattab A, Madkour A, Ambaram A, Smith C, Muhwa CJ, Mecha JO, et al. Over-prescription of short-acting β2-agonists is associated with poor asthma outcomes: results from the African cohort of the SABINA III study. Curr Med Res Opin. (2022) 38(11):1983–95. doi: 10.1080/03007995.2022.2100649

50. Montero-Arias F, Garcia JCH, Gallego MP, Antila MA, Schonffeldt P, Mattarucco WJ, et al. Over-prescription of short-acting β2-agonists is associated with poor asthma outcomes: results from the Latin American cohort of the SABINA III study. J Asthma. (2023) 60(3):574–87. doi: 10.1080/02770903.2022.2082305

51. Barne M, Singh S, Mangal DK, Singh M, Awasthi S, Mahesh PA, et al. Global asthma network phase I, India: results for allergic rhinitis and eczema in 127,309 children and adults. J Allergy Clin Immunol: Glob. (2022) 1(2):51–60. doi: 10.1016/j.jacig.2022.01.004

52. Salvi S, Kumar A, Puri H, Bishnoi S, Asaf B, Ghorpade D, et al. Association between air pollution, body mass index, respiratory symptoms, and asthma among adolescent school children living in Delhi, India. Lung India. (2021) 38(5):408–15. doi: 10.4103/lungindia.lungindia_955_20

53. Momtazmanesh S, Moghaddam SS, Ghamari SH, Rad EM, Rezaei N, Shobeiri P, et al. Global burden of chronic respiratory diseases and risk factors, 1990–2019: an update from the global burden of disease study 2019. EClinicalMedicine. (2023):59. doi: 10.1016/j.eclinm.2023.101936

54. Tan NC, Tay IH, Ngoh A, Tan M. Factors influencing family physicians’ drug prescribing behaviour in asthma management in primary care. Singapore Med J. (2009) 50(3):312. PMID: 19352577.

55. Bhalla S, Sinha S, Jain S, Gupta P, Kumar P, Chandwani H, et al. Improving primary care physicians’ capacity: a pan India initiative on management of chronic obstructive pulmonary disease and asthma. Lung India. (2018) 35(5):452–3. doi: 10.4103/lungindia.lungindia_36_18

56. Verwey C. The national asthma education programme and asthma in Africa. S Afr Med J. (2019) 109(7):453–4. doi: 10.7196/SAMJ.2019.v109i7.14090

57. Shevade MS, Yeravdekar RC, Salvi SS. A cross-sectional survey of practice patterns and selected demographics of respiratory therapists in India. Respir Care. (2021) 66(1):66–72. doi: 10.4187/respcare.07823

58. Salvi S, Kumar GA, Dhaliwal RS, Paulson K, Agrawal A, Koul PA, et al. The burden of chronic respiratory diseases and their heterogeneity across the states of India: the global burden of disease study 1990–2016. Lancet Glob Health. (2018) 6(12):e1363–74. doi: 10.1016/S2214-109X(18)30409-1

59. Dhamnetiya D, Patel P, Jha R P, Shri N, Singh M, Bhattacharya K, et al. Trends in incidence and mortality of tuberculosis in India over past three decades: a joinpoint and age-period-cohort analysis. BMC Pulm Med. (2021) 21(375):1–14.

60. Dhumal A, Barne M, Madas S, Jadhav S, Londhe J, Shevade M, et al. Do medical and nursing students know the correct use of inhalers? Results of UPSIDE India study. Eur Respir J. (2018) 52:PA3146. doi: 10.1183/13993003.congress-2018.PA3146

61. Mullerpattan J, Udwadia Z, Kathar S, Shah H, Rastogi S, Pandey K, et al. Who will teach the teachers: an analysis of the inhaler technique of Indian patients and health care providers in a tertiary health care centre. Lung India. (2016) 33(5):493–5. doi: 10.4103/0970-2113.188962

62. Ip MSM. Lung function testing in health and disease: issues pertaining to Asia-pacific populations. Respirology. (2011) 16(2):190–7. doi: 10.1111/j.1440-1843.2010.01850.x

63. Khan MA, Khan MA, Walley JD, Khan N, Sheikh FI, Ali S, et al. Feasibility of delivering integrated COPD asthma care at primary and secondary level public healthcare facilities in Pakistan: a process evaluation. BJGP Open. (2019) 3(1):1–12. doi: 10.3399/bjgpopen18X101632

64. Karmali D, Siddharthan T. Access to essential respiratory medications remains elusive in LMICs. Lancet Glob Health. (2022) 10:e1365–6. doi: 10.1016/S2214-109X(22)00370-9

65. Latifah E, Kristina SA, Suryawati S. Overview of drug availability and influencing factors in several low, lower and upper-middle countries: a systematic review. Syst Rev Pharm. (2019) 10(1):67–72. doi: 10.5530/srp.2019.1.11

66. Bissell K, Ellwood P, Ellwood E, Chiang CY, Marks GB, El Sony A, et al. Essential medicines at the national level: the global asthma network’s essential asthma medicines survey 2014. Int J Environ Res Public Health. (2019) 16(4):605. doi: 10.3390/ijerph16040605

67. Stolbrink M, Thomson H, Hadfield RM, Ozoh OB, Nantanda R, Jayasooriya S, et al. The availability, cost, and affordability of essential medicines for asthma and COPD in low-income and middle-income countries: a systematic review. Lancet Glob Health. (2022) 10(10):e1423–42. doi: 10.1016/S2214-109X(22)00330-8

68. Oluwole O, Rennie DC, Senthilselvan A, Dyck R, Afanasieva A, Adamko DJ, et al. Asthma diagnosis among children along an urban-rural gradient. J Asthma. (2018) 55(11):1242–52. doi: 10.1080/02770903.2017.1407335

69. Marfortt DA, Josviack D, Lozano A, Cuestas E, Agüero L, Castro-Rodriguez JA. Differences between preschoolers with asthma and allergies in urban and rural environments. J Asthma. (2018) 55(5):470–6. doi: 10.1080/02770903.2017.1339800

70. Håkansson KEJ, Backer V, Ulrik CS. Socioeconomic status is associated with healthcare seeking behaviour and disease burden in young adults with asthma – a nationwide cohort study. Chron Respir Dis. (2022) 19:1–11. doi: 10.1177/14799731221117297

71. Dabare PRL, Wanigatunge CA, Beneragama BH. A national survey on availability, price and affordability of selected essential medicines for non communicable diseases in Sri Lanka. BMC Public Health. (2014) 14(1):1–10. doi: 10.1186/1471-2458-14-817

72. Krishnan A, Mathur P, Kulothungan V, Salve HR, Leburu S, Amarchand R, et al. Preparedness of primary and secondary health facilities in India to address major noncommunicable diseases: results of a national noncommunicable disease monitoring survey (NNMS). BMC Health Serv Res. (2021) 21(1):1–10. doi: 10.1186/s12913-021-06530-0

73. Doke PP. Chronic respiratory diseases: a rapidly emerging public health menace. Indian J Public Health. (2023) 67(2):192–6. doi: 10.4103/ijph.ijph_726_23

74. Martínez Vázquez MM. Asthma right care global movement: adopting new strategies to get a large-scale change in asthma management. Int J Integr Care. (2022) 22(S2):206. doi: 10.5334/ijic.ICIC21279

75. Souza-Machado C, Souza-Machado A, Franco R, Ponte EV, Barreto ML, Rodrigues LC, et al. Rapid reduction in hospitalisations after an intervention to manage severe asthma. Eur Respir J. (2010) 35(3):515–21. doi: 10.1183/09031936.00101009

76. Hisinger-Mölkänen H, Pallasaho P, Haahtela T, Lindqvist A, Sovijärvi A, Piirilä P. The increase of asthma prevalence has levelled off and symptoms decreased in adults during 20 years from 1996 to 2016 in Helsinki, Finland. Respir Med. (2019) 155:121–6. doi: 10.1016/j.rmed.2019.07.014



OPS/images/falgy-04-1240259-g001.jpg
o e
3 9% G
2 \éz g= 3
SRlaEl §
B % 2302 3%E .fam £
5, Be% 2% 3% sigr 4F
% et %329 238 [ScS8E (55 o
% ©%8 2283 323 25ck €4 5
%%, %35 8532888 SE75 £y & 2
3 g8
%, S5, B el b
2%
s LS
o
S5 &5
S *o°\<~“‘a
W e
»° vt
o"“& =
& SR
o o
o™

[
'lnavau:'[',z“," ove o da
govt, ggodle o =
Medicinga rial social 5P
30 Lack of Health care
High cost of resources seeking
asthma behaviour Economic
medications constraints
Lack of 8m° "
load aned lealtp,
jn patient ol cay
High P o *ecessigyn,
ag0or !nag
%% "na.,,g‘lale
“ce " e

<%
s
$ 5%,
g %
5 2
« 5 3
o 5
A 2
F s £
£ e sl
Fie I52F 28 £8% %523
s 2T, 332 852 3%%
& &) § 9] ae (RS
§2 2
o |7
H

Patient Factors " Doctor Factor ' Health System  Policy





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Gaps in asthma diagnosis and treatment in low- and middle-income countries

		Introduction



		Patient factors



		Physician related factors



		Health systems



		Health policies



		Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Atergy

Gaps in asthma diagnosis and treatment
in low- and middle-income countries









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Allergy





