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Background: The complex nature of asthma has resulted in a poor understanding of its epidemiology, particularly in low-and middle-
income countries (LMIC). Clinical subgroups, such as patients with severe asthma, eosinophilic asthma, allergic rhinitis, or nasal
polyps, experience additional barriers to care.

Methods: Prevalence estimates for asthma and key clinical subgroups were extracted from the Global Burden of Diseases, Injuries,
and Risk Factors Study 2019 and from a targeted literature review conducted through PubMed in October of 2021. National estimates
were calculated and the roles of potential explanatory factors were explored through qualitative analysis.

Results: In total, 162 publications from 69 countries were included. Across continents, asthma prevalence values ranged from 3.44%
(Asia), 3.67% (Africa), 4.90% (South America), 5.69% (Europe), 8.29% (North America), to 8.33% (Oceania). Globally, of those with
asthma, 26.70% had severe asthma, 30.99% had eosinophilic asthma, 48.95% had allergic rhinitis, and 7.0% to 25.40% had nasal
polyps. Countries with higher air quality, income status, and healthcare access and quality reported a higher asthma prevalence.
Conclusion: Asthma prevalence values were low in LMICs, potentially indicating health system deficiencies resulting in low
diagnosis and reporting. The prevalence of eosinophilic asthma and severe asthma phenotypes was high in many countries, although
the prevalence estimates of all asthma subgroups were quite variable.
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Introduction
Asthma commonly presents as heterogeneous respiratory symptoms such as coughing, wheezing, shortness of breath, and
chest tightness, which can complicate the diagnostic process.! While the use of clinical tests (eg, spirometry) is preferred
for asthma diagnosis, real-world practices are heterogeneous and often reflect a lack of resources or medical training,
particularly in low-or-middle-income countries (LMIC), although significant variations exist on a within-country scale.'~
Differences in diagnostic practices can result in underreporting and difficulty interpreting prevalence estimates.'

Aggressive treatment of early-disease asthma and the use of disease-modifying therapies may promote asthma remission.’
Despite evidence that practical remission is a reasonable goal for many patients with asthma, symptom management is the
objective most often considered by clinicians for adults. Some subpopulations of patients with asthma, however, face additional
challenges in achieving remission, particularly those with certain asthma phenotypes, such as eosinophilic asthma (EA) or severe
asthma (SA), and those with additional respiratory conditions, such as allergic rhinitis (AR) or nasal polyps (NP).

EA is characterized by eosinophilia in tissue and sputum and a thickening of the basement membrane.* ® Some patients
with EA respond well to corticosteroids, while others experience improvements in exacerbation frequency, but not symptom
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intensity.” Other patients with EA are “steroid-refractory”, or resistant to corticosteroids altogether, and often have better
outcomes when treated with leukotriene receptor agonists.”

The European Respiratory Society and American Thoracic Society defines SA as asthma that can only be managed
with a high dose of corticosteroids and a secondary controller, or asthma that is uncontrolled even with a high dose of
corticosteroids and a secondary controller.” The prevalence of patients with SA who experience uncontrolled asthma,
even when treated with a corticosteroid and secondary controller, was estimated at 12.9% to 100.0% in a recent
systematic literature review that also considered patients with moderate asthma.®

Patients with AR experience inflammation of the nasal mucosa following exposure to environmental allergens.’
Common symptoms include sneezing, rhinorrhea, itch, and nasal congestion. AR is usually treated with over-The-counter
medication, making prevalence estimations difficult to ascertain.” AR often exists alongside asthma and worsens asthma
symptoms while increasing the frequency of exacerbations and hospital visits.” Patients with AR often face a higher
burden in accessing care, as visits with an ear, nose, and throat specialist or allergist may be required for treatment.’

Asthma may also be accompanied by chronic sinusitis with NPs.'® NPs are hyperplastic, inflammatory outgrowths of
the sinonasal mucosa.!' Despite their characterization as benign, the inflammation from NPs can result in disruptive
symptoms such as edema, loss of taste and/or smell, and chronic nasal congestion.''

The ongoing effort to improve care and reduce negative health outcomes relies on continually improving the epidemio-
logical knowledge base for asthma and its associated comorbidities. Prevalence data informs the understanding of the clinical
and economic burden of disease, while accurate epidemiology measures are used in priority setting by national health
programs and medical societies. Despite the ubiquity of asthma and its clinical significance, there remains a need for further
understanding of the global distribution of patients with asthma, and prevalence data for key clinical subgroups.

The goal of this study was to determine the global prevalence of asthma and its aforementioned phenotypes (EA and
SA), along with the prevalence of asthma with AR or NPs, and to explore underlying drivers for the observed patterns.
To do this, we examined the scientific literature for studies reporting asthma and subgroup prevalence, and compared our
results to country-specific qualities like economic status and air quality.

Methods

Asthma Prevalence

To facilitate a comparison of asthma prevalence with the prevalence of its key clinical subgroups, asthma prevalence
values for 69 countries were taken from the 2019 Global Burden of Disease (GBD) Study, which based its estimates on
405 sources from epidemiological reports and scientific literature.'> Conducted by the World Health Organization
(WHO), the 2019 GBD study represents the most complete standardized analysis of asthma incidence and prevalence
worldwide. To estimate the prevalence of asthma by continent, asthma prevalence values were used with World Bank
estimates of country population using the following equation: '

Asthma prevalence per Continent =(> Country populations)().Country prevalence values)/() Country populations)

Please note that all equations used were adapted from the Centers for Disease Control and Prevention (CDC) guide to
epidemiological statistics.'*

Asthma Subgroup Prevalence

A targeted literature review was conducted in October of 2021 to calculate the prevalence of key subgroups of the asthma
population. The search methodology is outlined in Figure S1. Nine key studies with prevalence estimates for clinical
subgroups were identified using PubMed (Table S1).'>** The studies included primarily real-world evidence, along with
several reviews, and formed the base of the pearl-growing (ie, snowballing) technique used to find additional sources of the
same level of relevance and authority.* Publications were identified retrospectively (ie, bibliographic) and prospectively (ie,
cited by) along with keywords from the nine studies; the process was repeated several times to amass a focused collection of
evidence. Additional sources were obtained by using keyword searches of four journals known to publish many epidemio-
logical studies related to asthma: Allergy, BMC Pulmonary Medicine, European Respiratory Journal, and Journal of Allergy
and Clinical Immunology Practice. Where available, 10 or more studies were included per country/disease category. The
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evidence base was built using articles with a substantial discussion of asthma prevalence along with subgroup data. Data on
both children and adults were considered. Papers published earlier than 2011, those that lacked extrapolation content, and
those that used epidemiology data already encountered in literature were excluded. After gathering several sources for each
country and disease category combination, the prevalence estimate (range or point estimate) from the study with the largest
number of participants was included in the dataset; this approach was selected because within studies with a valid
methodology, studies with a higher number of participants were less likely to report findings influenced by random effects
and unmeasured confounders. Where country-specific values were not available, continental values were used.

The following equation was used to calculate the country-specific subgroup prevalence of EA, SA, AR, and NPs
where direct prevalence estimates were not available:

Country subgroup prevalence =(Country population x Asthma prevalence)(Subgroup prevalence)

To calculate the average prevalence of each subgroup within the population of those with asthma, all ranged values were
excluded. A crude average was taken of the remaining values by summing the prevalence values of countries within
a continent and dividing them by the number of countries. Some subgroup prevalence values were inflated to match the
2020 country population, using the formula below and country-specific growth rates from the World Bank, where
x denotes the year the prevalence value was published:'?

Prevalence in 2020 =(Prevalence at x)(1 + Country specific growth rate)**** ™

Country-Specific Factors Affecting Global Prevalence Distributions

A qualitative analysis was conducted to better detect patterns in prevalence and reporting by country and region. Asthma
prevalence values were aggregated according to 2020 Air Quality Index (AQI) values, 2022 World Bank economic
status, and 2017 Institute for Health Metrics and Evaluation Healthcare Access and Quality (HAQ) values.'**>¢
Scatterplots were generated to visually identify patterns of high and low prevalence using RStudio®.

Results

Asthma Prevalence

Reported asthma prevalence ranged from 1.43% in Bangladesh to 11.25% in the United States (US) (Figure 1, Table 1).
Asia had the lowest reported asthma prevalence of any continental region at 3.44%, as well as the lowest country-specific
prevalence value: Bangladesh, at 1.43%. Reported prevalence values in most of the other Asian countries fell between
2% and 4%, with the highest reported prevalence found in the United Arab Emirates (7.55%). Africa had the second-
lowest reported prevalence of asthma, at 3.68%; most African countries had a reported asthma prevalence between 3%
and 4.5%. South America had an asthma reported prevalence of 5.06%, with most countries reporting values quite close
to the regional estimate. The European reported asthma prevalence was 5.86%, with considerable variation across
countries; the lowest value was reported in Serbia (3.05%), while the highest was reported in the UK (10.07%).
Australia and New Zealand both had relatively high reported asthma prevalence, at 9.66% and 7.00%, respectively. In
North America, Canada’s reported asthma prevalence was 5.32%, in line with many South American countries, while the
US had the highest reported asthma prevalence in the dataset, at 11.25%.

Asthma Subgroup Prevalence

In total, 162 publications were identified using pearl-growing and targeted search techniques. Globally, of those with
asthma, 25.71% reported SA, 30.70% EA, 49.01% AR, and 7.54% NPs (Table 2, Figures S2-S5). The reported
prevalence of clinical subgroups was highly variable across countries, especially for AR and EA. The reported
prevalence of SA was high in some countries that had a lower reported prevalence of general asthma, such as India
(asthma: 2.75%, SA: 50.0%) and Nigeria (asthma: 3.68%, SA: 39.2%).
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Figure | The global prevalence of asthma.

Country-Specific Factors Affecting Global Prevalence Distributions

AQI values (higher scores denote worse air quality) ranged from 5 for Finland and Sweden to 77.1 for Bangladesh. AQI

values were not reported for 14 countries. HAQ values (higher scores denote better quality) ranged from 40.4 for the

Democratic Republic of the Congo to 91.8 for Switzerland. World Bank economic status placed each nation into

a discrete category: high (32 countries), upper-middle (16 countries), lower-middle (16 countries), and low (three

Table | Annual Asthma Prevalence Rates by Country

North America 2019 8.29% 7608 8937 6517
United States of America 2019 11.25% 10,399 11,903 9140
Canada 2019 5.32% 4817 5971 3893
South America 2019 4.90% 4628 5877 3652
Brazil 2019 5.13% 4892 6352 3757
Colombia 2019 3.68% 3478 4428 2729
Argentina 2019 7.54% 7020 8448 5894
Peru 2019 4.56% 4336 5773 3190
Venezuela (Bolivarian Republic of) 2019 4.06% 3882 4893 3058
Chile 2019 5.64% 5196 6249 4391
Ecuador 2019 4.18% 3967 5332 2945
Bolivia (Plurinational State of) 2019 4.43% 4251 5536 3250
Europe 2019 5.69% 5211 6379 4257
United Kingdom 2019 10.07% 9167 11,035 7645
(Continued)
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Table | (Continued).

France 2019 7.22% 6555 7933 5357
Germany 2019 4.55% 4153 5081 3405
Italy 2019 4.33% 4028 5107 3174
Spain 2019 4.95% 4481 5512 3637
Poland 2019 5.88% 5413 6639 4414
The Netherlands 2019 7.66% 6942 8419 5703
Belgium 2019 5.07% 4610 5606 3792
Greece 2019 5.79% 5301 6546 4326
Portugal 2019 9.97% 9106 11,070 7500
Sweden 2019 8.24% 7586 9403 6047
Switzerland 2019 7.29% 6616 8052 5413
Denmark 2019 5.29% 4783 5846 3910
Finland 2019 6.70% 6103 7356 5043
Norway 2019 7.36% 6790 8270 5590
Ireland 2019 7.56% 6860 8348 5695
Ukraine 2019 3.48% 3227 4076 2528
Romania 2019 4.47% 4180 5181 3402
Czechia 2019 3.29% 3053 3781 2480
Hungary 2019 3.56% 3307 4083 2678
Belarus 2019 3.69% 3418 4293 2761
Austria 2019 5.72% 5220 6381 4281
Serbia 2019 3.05% 2849 3453 2358
Bulgaria 2019 3.87% 3613 4427 2919
Slovakia 2019 3.13% 2915 3589 2363
Asia 2019 3.44% 3256 3942 2726
China 2019 2.11% 1974 2565 1530
India 2019 2.75% 2681 3222 2190
Indonesia 2019 3.58% 3431 4055 2918
Japan 2019 4.22% 3865 4891 3119
Philippines 2019 4.81% 4628 5595 3916
Thailand 2019 3.59% 3412 4142 2864
Republic of Korea 2019 391% 3705 4373 3216
Singapore 2019 4.02% 3667 4565 3012
(Continued)

Journal of Asthma and Allergy 2023:16

https:

Dove!

1ol


https://www.dovepress.com
https://www.dovepress.com

Rabe et al Dove

Table 1 (Continued).

Gulf States (calculated values) 2019 4.54% 4302 5228 3541
United Arab Emirates 2019 7.55% 7180 8345 6188
Oman 2019 4.22% 4054 5014 3279
Saudi Arabia 2019 2.77% 2642 3207 2155
Qatar 2019 3.69% 3461 4306 2794
Kuwait 2019 4.47% 4174 5265 3291
Pakistan 2019 1.77% 1702 1975 1448
Bangladesh 2019 1.43% 1391 1574 1217
Vietnam 2019 3.23% 3093 3714 2613
Turkey 2019 5.38% 5103 6041 4402
Malaysia 2019 2.78% 2625 3254 2178
Africa 2019 3.67% 3552 4292 2941
Nigeria 2019 3.68% 3627 4366 3066
Ethiopia 2019 2.85% 2792 3414 2299
Egypt 2019 3.65% 3487 4200 2903
Democratic Republic of the Congo 2019 3.03% 3003 3545 2583
South Africa 2019 4.27% 4124 5399 2788
Kenya 2019 2.81% 2730 3321 2259
Uganda 2019 5.03% 4953 5882 4217
United Republic of Tanzania 2019 6.07% 5923 7128 5048
Algeria 2019 3.41% 3219 3924 2633
Sudan 2019 4.35% 4175 4976 3493
Morocco 2019 3.05% 2915 3486 2453
Céte d'lvoire 2019 3.22% 3154 3761 2691
Tunisia 2019 3.85% 3640 4394 3020
Zimbabwe 2019 2.08% 1990 2287 1728
Oceania 2019 8.33% 7547 9347 6160
Australia 2019 9.66% 8768 10,822 7162
New Zealand 2019 7.00% 6326 7871 5157

countries). The economic status of Venezuela was unclassified and no status was reported for Indonesia. The country-
specific qualitative analysis of AQI, economic status, and HAQ revealed a pattern of high asthma prevalence in countries

with higher income status, better air quality, and better healthcare access and quality (Table 3, Figure 2). The US, United
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Table 2 Global Prevalence Estimates for Key Clinical Subgroups Within Asthma

North America 39.37% 47.72% 15.00% 6.35%
United States of America 38.8%* 50%* 1 5%* 6.7%*
Canada 50%* 5.3% 11.4-22.8% 7.1-25.7%
South America 61.60% 45.06% 46.26% 7-25.4%
Brazil 79.6% 46.5%* 62%* 7.1-25.6%
Colombia 5.9%* 39.7% 10.8-21.6% 7.6-27.7%
Argentina 15%* 52%* 11.2-22.5% 7.6-27.4%
Peru 66.4%* 40.2% 11.2-22.4% 7.8-28.4%
Venezuela (Bolivarian Republic of) 93.3%* 37.6% 9.8-19.6% 6.8-24.8%
Chile 55.6%* 39.3% 10.7-21.4% 7.5-27.2%
Ecuador 82.3% 39%* 32.5%* 7.9-28.7%
Bolivia (Plurinational State of) 81.8% 40.1% 33.6%* 7.8-28.3%
Europe 27.58% 26.1% 7.05% 21.53%
United Kingdom 82-90%* 0.7%* 3.6%* 3.3%*
France 19.8% 9.8%* 3.6-9.8%* 33.0%
Germany 24.2%* 16%* 8.7%* 33.0%
Italy 18.5%* 58.7%* 5-10% 30.2%*
Spain 20.0% 85%* 7.7%* 129%*
Poland 19.6% 75.4%* 5-10% 6%*
The Netherlands 42.7%* 5%%* 3.6%* 23.2%*
Belgium 20.1% 55%* 5-10% 19%%*
Greece 80.7%* 86%* 5-10% 32.9%
Portugal 52.3%* 5.0% 3.6%* 33.0%
Sweden 25%* 47.8%* 3.6-6.1%* 2.7%*
Switzerland 20.2% 5.2% 5-10% 33.1%
Denmark 19.9% 93%* 8.1%* 10%*
Finland 7.2%* 21.8%* 7.4%* 17%%*
Norway 20.1% 5.1% 5-10% 33.1%
Ireland 80%* 5.3% 5-10% 33.3%
Ukraine 49.1%* 4.9% 5-10% 32.7%
Romania 19.3% 4.9% 5-10% 42.5%*
Czechia 19.8% 10%* 5-10% 33.0%
Hungary 66.8%* 4.9% 0.9%* 32.8%
(Continued)
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Table 2 (Continued).
Belarus 50%* 4.9% 5-10% 32.8%
Austria 20.0% 45.5%* 5-10% |.8%*
Serbia 19.2% 4.9% 5-10% 32.7%
Bulgaria 19.1% 76%* 5-10% 32.7%
Slovakia 19.7% 5.0% 5-10% 32.9%
Asia 52.47% 17.52% 32.28% 6.85%
China 50%* 6.2%* 14.8%* 7.2-26%
India 65.2%* 26%* 50%* 6.9%*
Indonesia 29.2%* 5.3% 7-11% 7.6-27.6%
Japan 50%* 34.5%* 31%* 7-25.4%
Philippines 50%* 5.3% 7-11% 7.8-28.3%
Thailand 50%* 62%* 2%* 7.1-25.9%
Republic of Korea 50%* 28.3%* 6.1%* 4.9%*
Singapore 50%* 4.9% 7-11% 6.8-24.8%
Gulf States (calculated values) 50%* 5.4% 7-11% 8-29.1%
United Arab Emirates 50%* 5.3% 7-11% 7.7-28%
Oman 50%* 5.7% 7-11% 8.6-31.2%
Saudi Arabia 50%* 5.4% 7-11% 7.9-28.8%
Qatar 50%* 5.4% 7-11% 8-29.1%
Kuwait 50%* 85%* 7-11% 7.9-28.6%
Pakistan 20.6%* 5.5% 7-11% 8.2-29.7%
Bangladesh 50%* 5.3% 7-11% 7.6-27.5%
Vietnam 50%* 5.2% 7-11% 7.5-27.3%
Turkey 50%* 45%* 21.3%* 7-25.4%
Malaysia 50%* 5.3% 2.7%* 7.8-28.2%
Africa 61.38% 11.14% 23.47% 7-25.4%
Nigeria 86.5%* 5.7% 39.2%* 8.6-31.1%
Ethiopia 50%* 5.7% 30.8%* 8.6-31%
Egypt 44%* 5.5% 28.8%* 8.2-29.6%
Democratic Republic of the Congo 49%* 5.8% 10.8%* 9-32.5%
South Africa 50%* 5.3% 5.7%* 7.7-28.1%
Kenya 50%* 5.6% 4.8%* 8.4-30.4%

(Continued)
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Uganda 77.3%* 76.3%* 21.6%* 9.1-32.9%
United Republic of Tanzania 50%* 5.8% 9.6% 8.8-32%
Algeria 83.4%* 18.6%* 12.9%%* 8.1-29.4%
Sudan 52.9%* 5.6% 4%* 8.5-30.7%
Morocco 59.7%* 5.3% 52.1%* 7.7-27.9%
Cbte d'Ivoire 50%* 5.7% 61.9%* 8.6-31%
Tunisia 40.7%* 5.3% 1.9%* 7.6-27.6%
Zimbabwe 50%* 5.4% 8.1% 7.9-28.6%
Oceania 50.00% 39.28% 30.52% 7-25.4%
Australia 50%* 44.2%* 11.1-22.1% 7.7-28.1%
New Zealand 50%* 4.9%%* 30.5%* 8.3-30%
Note: *Values were not able to be adjusted for 2020.
Table 3 Qualitative Comparison of Air Quality (AQI), World Bank Income Status, and Healthcare Quality and
Access (HAQ) to Global Asthma Prevalence
North America 8.29%
United States of America 11.25% 9.6 High 81.3
Canada 5.32% 7.3 High 87.6
South America 4.90%
Argentina 7.54% 14.2 Upper-middle 68.4
Chile 5.64% 19.3 Upper-middle 76.0
Brazil 5.13% 14.2 Upper-middle 64.9
Peru 4.56% 17.9 Upper-middle 69.6
Bolivia (Plurinational State of) 4.43% NR Upper-middle 59.2
Ecuador 4.18% 7.6 Upper-middle 61.2
Venezuela (Bolivarian Republic of) 4.06% NR Temporarily unclassified 64.7
in July 2021 pending
release of revised national
accounts statistics
Colombia 3.68% 15.6 Upper-middle 67.8
Europe 5.69%
United Kingdom 10.07% 83 High 84.6
Portugal 9.97% 9.1 High 845
(Continued)
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Table 3 (Continued).

Sweden 8.24% 5 High 90.5
The Netherlands 7.66% 9.7 High 89.5
Ireland 7.56% 8.6 High 88.4
Norway 7.36% 5.7 High 90.5
Switzerland 7.29% 9 High 91.8
France 7.22% 1.1 High 87.9
Finland 6.70% 5 High 89.6
Poland 5.88% 16.9 High 79.6
Greece 5.79% 18.4 High 87.0
Austria 5.72% 10.9 High 88.2
Denmark 5.29% 9.4 High 85.7
Belgium 5.07% 8.9 High 87.9
Spain 4.95% 10.4 High 89.6
Germany 4.55% 10.1 High 86.4
Romania 4.47% 15.8 Upper-middle 744
Italy 4.33% 18.5 High 88.7
Bulgaria 3.87% 27.5 Upper-middle 714
Belarus 3.69% NR Upper-middle 74.4
Hungary 3.56% 14.3 High 79.6
Ukraine 3.48% 19.2 Lower-middle 72.7
Czechia 3.29% NR High 84.8
Slovakia 3.13% 15.3 High 78.6
Serbia 3.05% 243 Upper-middle 754
Asia 3.44%

United Arab Emirates 7.55% NR High 722
Turkey 5.38% 18.7 Upper-middle 76.2
Philippines 4.81% 12.8 Lower-middle 52.0
Kuwait 4.47% 34 High 82.0
Oman 4.22% 44.4 High 77.1
Japan 4.22% 9.8 High 89.0
Singapore 4.02% 1.8 High 86.3
Republic of Korea 391% 19.5 High 85.8

(Continued)
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Table 3 (Continued).

Qatar 3.69% 443 High 85.2
Thailand 3.59% 214 Upper-middle 70.8
Indonesia 3.58% 40.7 NR 49.2
Vietnam 3.23% 28 Lower-middle 66.3
Malaysia 2.78% 15.6 Upper-middle 66.6
Saudi Arabia 2.77% 233 High 794
India 2.75% 51.9 Lower-middle 44.8
China 2.11% 347 Upper-middle 742
Pakistan 1.77% 59 Lower-middle 43.1
Bangladesh 1.43% 77.1 Lower-middle 51.7
Africa 3.67%

United Republic of Tanzania 6.07% NR Lower-middle 49.9
Uganda 5.03% 26.1 Low 429
Sudan 4.35% NR Low 50.1
South Africa 4.27% 18 Upper-middle 52.0
Tunisia 3.85% NR Lower-middle 70.1
Nigeria 3.68% NR Lower-middle 51.3
Egypt 3.65% NR Lower-middle 61.0
Algeria 3.41% 20.2 Lower-middle 63.7
Cote d’lvoire 3.22% NR Lower-middle 424
Morocco 3.05% NR Lower-middle 61.3
Democratic Republic of the Congo 3.03% NR Lower-middle 404
Ethiopia 2.85% 14.7 Low 44.2
Kenya 2.81% 14.2 Lower-middle 48.7
Zimbabwe 2.08% NR Lower-middle 48.7
Oceania 8.33%

Australia 9.66% 7.6 High 89.8
New Zealand 7.00% 7 High 86.2

Abbreviation: NR, not reported.

Kingdom (UK), and Australia were strong examples of this trend; all had high asthma prevalence (11.25%, 10.07%, and
9.66% for the US, UK, and Australia, respectively), better air quality scores (AQIs of 9.6, 8.3, and 7.6 respectively),
HAQ (81.3, 84.6, and 86.2, respectively), and higher economic status (all high).
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Figure 2 Country-specific asthma prevalence by AQI and HAQ. Asthma prevalence is visualized by country AQI (A) and HAQ (B). For (A), AQI values were available for
55 countries. Note that lower values of AQI represent higher air quality. In (B), A total of 69 countries are shown by asthma prevalence and HAQ. A higher HAQ value
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Discussion

This study presents the available evidence for the reported prevalence of asthma and its key clinical subgroups, adding to
the existing epidemiological knowledge of respiratory conditions and revealing variation in the country-specific pre-
valence of disease.

Data Quality and Asthma Underreporting

The studies included in this review are highly relevant to the topic of reported asthma subgroup prevalence, but it should
be noted that most studies had a low sample size (1000 participants or fewer), and some patient populations represented
subgroups within the variables of interest—for example, children or adolescents. Furthermore, nearly all the included
studies did not have an epidemiological focus, but rather reported the prevalence of clinical subgroups within asthma
patients as part of a healthcare-related study. While the identified studies represent the best evidence for the prevalence of
key subgroups, they do not represent a methodical sampling. Despite the uncertainty present in our findings, several
known factors are likely to have influenced the observed prevalence distribution.

The Role of Healthcare, Access, and Quality (HAQ)

A possible explanation for the reported distribution of asthma prevalence is the level of HAQ across countries. HAQ can
be measured using the amenable mortality rate; that is, the rate of mortality from causes that are preventable by effective
and available medical treatment. The level of quality and access within healthcare systems is strongly relevant to the
understanding of asthma prevalence, as each step of the treatment pathway is complicated by the condition itself.
Adequate training in taking patient history, identifying symptom presentation, and selecting and administering clinical
tests in practice is required to properly diagnose asthma, yet diagnostic methods are heterogeneous with poor asthma and
subgroup reporting. This is especially true in LMICs that often have a lower quality of healthcare and access.”’** Asia
and Africa—both continents with many LMICs—had the lowest asthma prevalence, at 3.44% and 3.67%, respectively.
These estimates may be the result of diagnostic and reporting procedures, rather than a smaller population of people with
asthma, as described by a recent, large-scale study in Vietnam that found that 27.3% of school children presented with
one or more asthma symptoms, but only 8.5% had an asthma diagnosis from a doctor.”’ Agarwal et al studied the
diagnosis of asthma in four Asian LMICs through a cross-sectional survey and reported that language was a barrier to
healthcare access in diverse regions and that the quality of spirometry measurements was difficult to assess in the field.*
The study also found that evaluating patient history, along with the presence of key symptoms (wheezing and chest
tightness) was the most reliable method for diagnosing asthma.*® These findings illustrated the difficulty of diagnosing
asthma in a low-resource environment, while pointing toward evidence-based clinical adaptations to meet patient needs.

Even in countries with a higher HAQ, clinicians may struggle to diagnose asthma and provide care. A 2014 report from the
Royal College of Physicians reviewed 195 asthma deaths that occurred from 2012 to 2013 in the UK, a country with an HAQ of
84.6.'**! Of the 155 individuals whose asthma severity could be determined, more than half (58%) were being treated for mild or
moderate asthma. The study concluded that it was likely that they actually had SA, but were not categorized appropriately by
their physician.®' This interpretation is especially troubling as many nations in the current dataset have SA estimates over 20%,
and those with SA are at risk for asthma-related death and reduced quality of life. Other studies have reported that the proportion
of those with SA appeared to be higher in LMICs; this may be due to the underutilization and inaccessibility of controller
medication.>? The highest proportions of people with SA in the current study were Brazil (62.0%), Céte d’Ivoire (61.9%), and
Morocco (52.1%).

The Role of Air Quality

Many studies have noted the impact of air quality on respiratory disease on a smaller scale, including Freid et al, who
found a positive relationship between childhood asthma incidence and road pollution.>* Although air quality was often
noted as an important driver of asthma and other respiratory conditions, the results of the current study did not directly
link air quality to asthma prevalence. The country with the highest reported asthma prevalence—the US (11.25%)—had
good air quality (9.6 AQI), compared with the country with the lowest reported asthma prevalence—Bangladesh (1.43%)
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—which had poor air quality (77.1 AQI). This may be due to fine-scale geographical variations in air quality that are not
captured by the AQIL>* Additionally, AQI does not capture the presence of household pollution due to the unsafe cooking
conditions that are extremely common in many countries.’>*® The discrepancy between reported asthma prevalence and
air quality observed in our results may be due in part to the imprecise nature of country-level data.

Potential Connection to the Hygiene Hypothesis

The hygiene hypothesis is a potential explanation for the observed relationship between asthma prevalence and higher
AQI, income status, and HAQ. The hygiene hypothesis proposes that early, mild infections are required for optimal
development of the immune system and that when children are raised in sterilized environments, away from livestock,
soil, and other microbiota, there will be a higher incidence of childhood asthma.?” Since the presence of microbiota in the
childhood environment is not commonly measured, country-specific comparisons of asthma and hygiene are difficult to
evaluate. Ardura-Garcia et al analyzed 45 studies of the hygiene hypothesis in Latin American cities and found
contradictory conclusions—studies that addressed respiratory infections instead of asthma, and others that did not

accurately measure childhood exposure.*®

Implications of Subgroup Prevalence Distributions
The complexities of asthma likely impacted the prevalence estimates of key clinical subgroups. There was a wide range
of reported subgroup prevalence values, particularly for EA and AR. These results reflect the differences in testing and
disease definitions across studies, which complicate the interpretation of observed patterns. For example, studies
determining the proportion of asthma patients with EA will typically use the blood eosinophil count as a determining
factor but may use different cutoffs to differentiate between EA and other asthma phenotypes. Lima-Matos et al used
a cutoff of >260 cells/mm® to define EA in Brazil, while a global study by Heaney et al used a complex algorithm that
incorporated blood eosinophil count, corticosteroid use, and other factors to detect EA in patient records.'>** Even within
countries, there may be a need to standardize patient diagnosis, as demonstrated by a 2018 study of the diagnosis of
allergic disease in the US, which showed that there were highly differential diagnostic practices across US states.” In
particular, AR was diagnosed more frequently in southern states that used less testing and more immunotherapies.” This
variation in diagnosis hinders the identification of key clinical subgroups and obscures the country-specific burden of
disease. More accurate prevalence estimates would provide opportunities to improve healthcare infrastructure, for
example, identifying areas with extreme unmet need that may be mitigated by environmental or public health initiatives.
Despite the observed variation in subgroup prevalence, some generalizations can be made. AR is a significant
subgroup, with regional reported prevalence rates of approximately 20% to 50% across all continents except Africa
and South America, which have an estimated AR prevalence of 60%. Global SA reported prevalence is approximately
10% to 20%, with a higher prevalence in some countries with low patient access to controller medication. The reported
prevalence of EA was around 5% to 10% globally. The reported global prevalence of NPs was estimated at 6% to 15%.

Improving Asthma Healthcare and Reporting in LMICs

By identifying inadequacies in current healthcare systems, change can be planned and implemented. A systematic
literature review of studies conducted in Nigeria, South Africa, and Uganda outlined common reasons for asthma
underreporting.*® These included the lack of accessible healthcare, including spirometry testing, low levels of asthma
knowledge in the general population, and the lack of healthcare education for clinicians on asthma and relevant clinical
guidelines.*® Many of these underlying causes affect similar patterns of underreporting for other chronic diseases,
including tuberculosis.*'

Several initiatives have been developed to address the need for improved access to asthma care in LMICs. Costa
Rica’s National Asthma Program (NAP) was enacted in 2003, and provided training to healthcare practitioners through-
out the country.*** Following NAP, hospitalizations decreased by 53%, and mortality decreased by 80%.**** More
recent programs include the Practical Approach to Care Kit (PACK),** which provides a decisions support tool for
clinicians and aims to standardize patient care, and several initiatives sponsored by WHO that include assessment

algorithms and reporting tools.*>*¢
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Strengths and Limitations
This study brought together information on the reported prevalence of asthma and asthma subgroups, as well as country-
specific variables of AQI, HAQ, and economic status. The targeted searches adhered to the methodical pearl-growing
technique to identify the most relevant sources of reported asthma subgroup prevalence.

The main limitation of this study was the paucity of reliable and accurate data, especially for clinical subgroups of asthma
in LMICs. These data were based on generally small sample sizes rather than thorough epidemiological sampling. Although
the data showed a pattern of less prevalent asthma in LMICs, more research is needed to determine the drivers of this trend.

Conclusion

This study showed that there was a pattern of low reported asthma prevalence values in LMICs, which potentially
indicate health system deficiencies resulting in low diagnosis and reporting. The reported prevalence of the EA and SA
asthma phenotypes was high in many countries, although the prevalence estimates of all asthma subgroups were quite
variable. Existing efforts to standardize healthcare practices, increase access to care, and boost reporting have the
potential to reduce the burden of illness in LMICs.
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