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Abstract

Background—Increasing access to essential respiratory medicines and influenza vaccination has 

been a priority for over three decades. Their use remains low in low and middle income countries 

(LMICs) where little is known about factors influencing use, or about the use of influenza 

vaccination for preventing respiratory exacerbations.

Methods—We estimated rates of regular use of bronchodilators, inhaled corticosteroids and 

influenza vaccine, and predictors for use among 19,000 adults from 23 high (HIC) and LMIC 

sites.

Findings—Bronchodilators, inhaled corticosteroids and influenza vaccine were used 

significantly more in HIC than in LMICs after adjusting for similar clinical needs. Although used 

more commonly by people with symptomatic or severe respiratory disease, the gap between HIC 

and LMICs is not explained by prevalence of COPD or doctor-diagnosed asthma. Site-specific 

Corresponding authors: Professor Peter GJ Burney, Louisa Gnatiuc Imperial College London, Dept. of Respiratory Medicine and 
Public Health, National Heart and Lung Institute, Emmanuel Kaye Building, Manresa Road, London, SW3 6LR, United Kingdom Tel: 
+44 (0) 207 352 8121 / fax: +44 (0) 207 351 8322 p.burney@imperial.ac.uk; l.gnatiuc2@imperial.ac.uk.
Authors’ contributions. LG conceived the study, carried out the statistical analyses and wrote the manuscript. SAB is a Principal 
Investigator and Global Co-ordinator for the BOLD study, revised the initial paper plan and made major comments and suggestions to 
manuscripts. BK provided advice and supervision for the statistical analyses. CJ, NAK, RN, PAK, ENM, DO, LIF and IH are 
Principal Investigators at BOLD participating sites; they co-ordinated data collection at sites and made major comments and 
suggestions to manuscripts. PB is a Principal Investigator and Global Co-ordinator for the BOLD study, suggested additional analyses, 
made major comments on manuscripts and revised the final version for submission. All authors read and approved the final 
manuscript.
In the first phase of the study Dr R O Crapo and Dr R L Jensen (LDS Hospital, 10 Pulmonary Division, 325 8th Ave., Salt Lake City, 
Utah 84143-0001, USA.) were responsible for quality assurance of lung function; they and Dr Paul Enright (The University of 
Arizona, Tucson, AZ, USA) and Georg Harnoncourt (ndd Medizintechnik AG, Zurich, Switzerland) assisted with training lung 
function technicians. Dr R Hooper (Imperial College London) designed data management systems.

Europe PMC Funders Group
Author Manuscript
Int J Tuberc Lung Dis. Author manuscript; available in PMC 2015 August 11.

Published in final edited form as:
Int J Tuberc Lung Dis. 2015 January ; 19(1): 21–30. doi:10.5588/ijtld.14.0263.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



factors are likely to influence use differently. The gross national income per capita for the country 

is a strong predictor for use of these treatments, suggesting that economics influence under-

treatment.

Conclusion—A better understanding of determinants for low use of essential respiratory 

medicines and influenza vaccine in low income settings remains important. Identifying and 

addressing these more systematically could improve access and use of effective treatments.

Keywords

essential respiratory medications; prevention of exacerbations; determinants for use; COPD and 
asthma treatments

Background

Universal access to essential respiratory medicines and to influenza vaccine has been on the 

World Health Organisation public health agenda for over three decades. Salbutamol, 

beclomethasone, ipratropium bromide, theophylline, budesonide and influenza vaccine were 

first included on the List of Essential Medicines in the 1970s1 to increase accessibility for 

people with chronic respiratory conditions.2 The Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) recommends the prescription of inhaled bronchodilators as regular 

treatment for symptomatic chronic obstructive pulmonary disease (COPD) and additional 

prescription of inhaled corticosteroids for the treatment of frequent exacerbations of COPD.3 

Recommendations are also made by the Global Initiative for Asthma (GINA) for the use of 

these medications in the treatment of asthma.4 Initiatives such as the Global Alliance 

Against Chronic Respiratory Disease and the Asthma Drug Facility were set-up to support 

the management of asthma and COPD and increase access to essential respiratory 

medicines, but studies have persistently shown poor access to selected essential respiratory 

medications in low and middle income countries.5-7 This has been attributed to poor 

availability of generic drugs in the public sector, the high price of brand drugs in private 

pharmacies and low affordability compared with local wages.6-8 One study has shown that 

the cost of a standard treatment for asthma is higher in less affluent places, indicating some 

level of market failure.5 The use of influenza vaccine as a preventive measure for 

exacerbations in people with COPD has been shown to be beneficial9 although its benefit for 

asthmatic patients remains controversial.10 A few studies have investigated the uptake of 

influenza vaccine among patients with COPD11 and health care workers12 but they are 

relatively limited in scope.

To our knowledge, no studies have yet described the use of respiratory medications or 

uptake of influenza vaccine according to need and individual determinants for use. In this 

paper we describe differences in rate of use of bronchodilators, inhaled corticosteroids and 

influenza vaccination and predictors for use at 23 sites in 20 countries participating in the 

Burden of Obstructive Lung Disease (BOLD) study.
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Methods

BOLD is a cross-sectional survey assessing prevalence and burden of COPD. At each site, 

representative simple or cluster random samples of non-institutionalised adults aged 40 

years and over, living in well-defined administrative areas (table1) answered detailed 

questionnaires and performed spirometry after the safety criteria check was satisfied.13

Regular use of respiratory medicines and uptake of influenza vaccine in the last 12 months 

were reported by study participants through face-to-face interviews conducted in the 

subject’s native language by trained, certified staff. The specific brand or generic drug name 

and formulation reported were further classified under standard classes of respiratory 

medication according to the British National Formulary.

Chronic Airways Obstruction (CAO) was defined as a post-bronchodilator (post-BD) ratio 

of the one second forced expiratory volume (FEV1) to forced vital capacity (FVC) below 

the lower limit of normal (LLN) for age and sex, based on reference equations for 

Caucasians derived from the third US National Health and Nutrition Examination Survey.14 

The severity of COPD was further defined using the cut-offs of >80, <80 and <50 of post-

BD FEV1 % predicted for stage 1, 2 and 3 respectively.15 Standardised, quality-controlled 

spirometry was performed by certified technicians according to the American Thoracic 

Society criteria, using the ndd Easy One™ spirometer.16

Doctor-diagnosed asthma was self-reported. A positive response to salbutamol (indicating 

asthma) in those without CAO was defined as a difference between post and pre-BD 

FEV1≥200 ml and ≥12%.17 Respiratory symptoms (Medical Research Council dyspnoea, 

wheeze, cough or phlegm) and comorbidities (doctor-diagnosed heart disease, hypertension, 

stroke, lung cancer, diabetes, tuberculosis) were self-reported. Reported diagnosed asthma 

or COPD stage 2+ with dyspnoea or wheeze are generically referred to as chronic 

respiratory disease.

The central co-ordination of the study was approved by the UK National Research Ethics 

Service. Each participating site obtained local ethical approvals for conducting the survey. 

Participants gave written informed consent.

Statistical analysis

We report:

1) the use of bronchodilators, corticosteroids, anticholinergics, β-agonists, 

theophylline and combinations and uptake of influenza vaccine relative to those 

on any respiratory medication by chronic respiratory disease and by country 

income (e.g. (Total number of participants on bronchodilators in HIC / Total 

number of participants on any respiratory medication in HIC)*100);

2) the use of bronchodilators, inhaled corticosteroids and influenza vaccine as:

a) Estimated rates of use among those with and without spirometrically 

confirmed COPD stage 2+, adjusted for survey design at each site;
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b) directly standardised rates of use for clinical need, estimated assuming 

a standard group (those aged 50-69 years) with a similar clinical need 

(spirometrically confirmed COPD stage 2+ and with wheeze or with 

dyspnoea stage 2+) adjusted for survey design at each site.

Predictors for use of any bronchodilator, inhaled corticosteroids and influenza vaccine were 

examined by multiple logistic regressions and meta-analyses. Identical models were fitted 

separately at each BOLD site with adjustment for sex, age, education level (none/primary, 

secondary, tertiary), employment status (‘employed’/worked for an income, ‘breathing 

related work disability’/unable to work for an income due to breathing problems, 

‘homemaker’/full-time homemaker or caregiver not working for an income and 

‘unemployed or retired’ in the last 12 months), smoking history, respiratory symptoms, 

severity of COPD, positive response to salbutamol (suggestive of asthma), comorbidities 

and body mass index (BMI) (<20, 20-25, >25) (for medicines only). At each site, the effects 

of all these predictors were mutually adjusted and estimated taking into account the 

sampling design. Subsequently, the results for each predictor were pooled across all sites 

using meta-analysis.18 The between-site variation in the effect size of each predictor in 

relation to use of treatments was assessed by the I2 statistic for heterogeneity. 19

In addition, we used generalised estimating equations to assess the association of the Gross 

National Income Per Capita of the country (GNIPC)20 with use of selected treatments at 

each site (independent of the individual predictors above). The GNIPC was grouped as low 

income (<5,000 US$), middle income (5,000 to 9,999 US$), low high income (10,000 to 

29,999 US$) and high income (≥30,000 US$). Analyses were done using Stata 12. 

Significance refers to p<0.05.

Results

Over 19,220 subjects answered questionnaires on use of respiratory medications, influenza 

vaccine and doctor-diagnosed respiratory disease. Over 15,590 individuals also performed 

acceptable spirometry and had complete information on all variables of interest.

Rates of use of bronchodilators or inhaled corticosteroids range from <1% of the general 

population over the age of 40 years in Ile-Ife (Nigeria) to 23% in Lexington (USA) (Table 

1). The probability of being treated for a standard group of 50-69 year olds with Stage2 

COPD and either dyspnoea or wheeze ranged from 11% in Nampicuan and Talugtug 

(Philippines) to 58% in London (UK), with rural populations appearing to be under-treated 

when compared to urban populations with a similar need in the same country (11% vs 37% 

in Philippines; 20% vs 36% in India). Rates of influenza vaccine uptake ranged from 0% in 

Pune and Srinagar (India) to 57% in Sousse (Tunisia), while the probability of being 

vaccinated ranged from 0% in India to 70% in Sousse (Tunisia) among the same standard 

group. The use of any class of respiratory medicines and influenza vaccines was more 

common in HIC than in LMICs for those with symptomatic Stage2 COPD (Fig 1A) or 

doctor-diagnosed asthma (Fig 1B). Theophylline, oral bronchodilators and short-acting beta-

agonists were marginally more likely to be used by those with symptomatic COPD or by 

asthmatic patients in LMICs compared with HICs (RR>1).
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The distribution of the baseline characteristics among users of bronchodilators, inhaled 

corticosteroids or influenza vaccine were similar among high and low income countries. 

Users were more likely to be women, aged 60 years or more, unemployed or retired, obese, 

heavy smokers, unable to work due to breathing problems, complaining of respiratory 

symptoms, with severe COPD, doctor-diagnosed asthma or comorbidities (results not 

shown). In these unadjusted figures, influenza vaccine had significantly lower uptake among 

those with higher levels of education in LMICs (RR=0.6) and significantly higher uptake in 

those with breathing related work disability (RR=2.9) and those with severe COPD 

(RR=2.1) in HICs.

After mutual adjustment for all other potential predictors for use, men were less likely to 

report using bronchodilators or inhaled corticosteroids (OR=0.73, 95%CI 0.61-0.87) and 

these medications were increasingly likely with increasing severity of COPD (OR=19.1, 

95%CI 10.2-35.8 for stages 3&4), respiratory symptoms (OR=6.0, 95%CI 4.4-8.3) and 

breathing related loss of work (OR=5.9, 95%CI 3.5-9.9) (Fig 2). Those who were 

overweight were also more likely to be using treatment (OR=1.4, 95%CI 1.1-1.7), as were 

those with a positive response to salbutamol (OR=4.4, 95%CI 3.2-6.0). Age, smoking and 

comorbidities were not significantly associated with using treatments. Similar trends were 

seen in HICs and in LMICs (results not shown). The effect of having COPD stage 2+ or 

respiratory symptoms on increasing use of medicines, was greater in HICs compared to 

LMICs (OR=5.7 vs 4.7 and 6.5 vs 4.9 (p<0.05) respectively), while work disability related 

to breathing problems and a positive response to salbutamol (suggestive of asthma) appear 

to have a stronger effect on use in LMICs (OR=6.8 vs 5.2 and 7.1 vs 3.4, (p<0.05). Similar 

results were seen when analyses were confined to subjects with spirometrically confirmed 

CAO (results not shown). There was significant variation in the influence of COPD stage 2+ 

(I2=54.2%, p=0.002) and respiratory symptoms (I2=54.8%, p=0.002) across sites, in relation 

to use of bronchodilators and inhaled corticosteroids (Fig 2). The association between 

symptoms and medication use was more variable among HICs (I2=65.9%, p<0.0001) than 

LMICs (I2=0%, p=0.5).

Influenza vaccination was more common in older participants (OR=5.3, 95%CI 3.8-7.5), the 

unemployed or retired (OR=1.4, 95%CI 1.1-1.8) and in those with higher education 

(OR=1.2, 95%CI 1.1-1.4) (Fig 3). It was more common in those with respiratory symptoms 

(OR=1.3, 95%CI 1.1-1.6), more severe COPD (OR=1.5, 95%CI 1.0-2.3), comorbidities 

(OR=1.4, 95%CI 1.1-1.6) and in those who had a positive response to salbutamol (OR=1.3, 

95%CI 1.0-1.7). These associations varied between sites. Age (I2=62%, p<0.0001), level of 

education (I2=49.8%, p=0.009), respiratory symptoms (I2=58.9%, p=0.001) and 

comorbidities (I2=50.5%, p=0.009) had different effects across different sites. The 

associations with age, unemployment or retirement and comorbidities were more 

heterogeneous in HICs.

Increased GNIPC for the country was independently associated with increased use of 

bronchodilators, inhaled steroids and vaccination against influenza after adjusting for all 

other covariates (Fig 4). Compared to low income sites, the reported use of medication was 

10% higher in middle-income sites, 140% higher in low-high-income sites and 310% higher 
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in high-income sites. The uptake of influenza vaccination increased exponentially with 

increase in the country income per capita.

Discussion

In this large, highly standardised, multi-centre study, the regular use of respiratory 

medications in general and the use of bronchodilators, inhaled corticosteroids or influenza 

vaccine in particular, were significantly higher in HICs than in LMICs. Although the use of 

these medicines and vaccine were significantly more common in people with symptomatic 

chronic respiratory disease, there are important variations even among HIC and LMIC 

populations with a similar clinical need. The gap in use of these treatments between HIC and 

LMIC sites cannot be explained by differences in the prevalence of COPD or doctor-

diagnosed asthma alone. The GNIPC correlates strongly with the uptake of medicines and 

influenza vaccine. Although not a direct measure of treatment affordability and providing 

little information on determinants at an individual level, this finding suggests that economic 

factors are likely to influence access to treatment.

We have opted for an ‘inclusive’ approach, looking at determinants for use of treatments in 

those with or without confirmed airflow obstruction (rather than stratifying by a specific 

chronic respiratory disease), to given an overall view of prescribing practice in the 

population, to allow for the effects of different pathologies and different levels of disease. 

We have also provided an analysis for a particular group of participants with a clearly 

defined need for medication.

The increased use of bronchodilators or inhaled corticosteroids with chronic respiratory 

disease and related work disabilities it is not surprising, suggesting that prescriptions are 

largely related to symptoms reported by the patient, as recommended by GOLD and GINA. 

Exacerbations were too rare to assess associations with treatments. However, the increasing 

use of these medicines with increase in severity of disease suggests that treatment is 

probably more likely in those with exacerbations. What is more important is the variation in 

rate of use among those with a similar clinical need for bronchodilators or inhaled steroids, 

even within high and within low income populations.

Low uptake of salbutamol and beclomethasone inhalers in less affluent countries has been 

attributed to the high costs of drugs, out-of-pocket purchasing, unsubsidised treatments, poor 

access to health insurance, local price regulation and lack of efficient markets.5-8,21 The 

strong association between use of medications and GNIPC, even after accounting for 

differences in the prevalence of symptoms, suggests that economic factors, possibly related 

to income, affordability and availability, might explain the lower rate of use at the BOLD 

sites in LMICs. The markets for these treatments are complex. Cost and availability may 

vary separately and influence use through different mechanisms. In a study of the public and 

private sectors in Africa, for instance, Cameron et al showed that an inhaler is cheaper 

(equivalent of 1.6 days wages for a month’s supply) but less available in the public sector (in 

only 14% outlets) compared with the private sector where the drug is more expensive 

(equivalent to 2.5 days wages per month) but more available (in 47% outlets). 7 Mendis et al 

showed that the cost of a standard course of treatment with salbutamol and beclometasone 
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inhalers for asthma was both cheaper (equivalent to 1.3 days wages per month) and more 

available in Bangladesh (in 5.5% of outlets), compared with Malawi where the same 

treatments are not only more expensive (the equivalent of 9.2 days wages per month) but 

also less available (in only 0.4% outlets).6

Babar et al show that local policies and local markets can influence differences in use among 

sites.8 Regrettably, we do not have further information to explain variations between sites at 

a similar economic level in the BOLD study. Ecological studies might not always reflect 

determinants for use of respiratory treatment at an individual level. According to the Global 

Asthma Report 2011, the cost for one salbutamol inhaler is the equivalent of 0.5 days wages 

in China and 3.3 days wages in Nigeria.22 BOLD estimates for use of bronchodilators or 

inhaled corticosteroids by those with similarly low lung function and respiratory symptoms 

were 27% in China and 26% in Nigeria. Although these observations come from different 

studies with different designs, they suggest that the use of these medicines is probably less 

elastic where there is clear evidence of disease, and that uptake is less variable among those 

with clearer indications of more severe disease.

Our estimated rates of selected medicines according to need correlate with the country 

income in most, but not in all cases. The standardised estimates, although lower in LMICs 

compared to HICs, do vary across HICs (i.e. 36% in Austria, 53% in Germany) as well as 

across LMICs (i.e. 16% in Turkey, 27% in S. Africa). Bergen (Norway), the richest of the 

HIC sites, had the lowest estimate of use of selected medicines among HICs, while in 

Srinagar and Mumbai (India) and in Manila (Philippines), the rates are comparable to 

estimates in some HICs. Local guidelines for, and knowledge of clinicians about 

management of chronic respiratory diseases could explain some of these variations. In 

Norway where treatments are both available and affordable and clinicians are well trained 

and knowledgeable about chronic respiratory diseases, prescribing inhaled corticosteroids or 

combination therapy was not standard care for COPD at the time of the study. Currently, the 

benefit of these medicines is considered marginal unless patients have more severe COPD or 

experience frequent exacerbations.23 This may explain why Norway had lower treatment 

rates (32%) than Iceland (51%), despite the lower costs of medications.24 Changes in policy 

may explain the low rates of treatments in places like Tartu (Estonia) which experienced a 

major transition from ‘universal health care’ to a market economy and increase in out-of-

pocket payments during recent decades.25 In India, Tunisia and urban Philippines, where 

availability or affordability might otherwise have been thought to be an issue, the high 

prescription rates could be explained by ‘better treatment,’ ‘inappropriate prescribing’, or 

differences in the access to and use of private versus public health care. However, 

differences in estimated rates of being treated for similar clinical needs between urban and 

rural sites in Philippines and in India suggest that rural populations are relatively 

undertreated. Whether this is due to the high cost of drugs, lack of services, expertise of 

local staff or other factors, remains unexplored. Local beliefs may be additional 

considerations in places where availability of treatments is not a major issue. In rural India, 

the use of inhalers has been associated with terminal illness, resulting in social stigma and 

discouraging use.26 In other places, Ayurverdic or other alternative therapies are preferred to 

conventional medical treatments. 27
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In HICs the higher uptake of influenza vaccine with ageing, symptomatic and more severe 

COPD and comorbidities suggests that guidelines for vaccination among groups at risk are 

influencing practice. These associations were not seen in LMICs, probably due to very low 

rates of vaccination when compared to HICs (1.4% vs 28.4%, p<0.0001). These unusually 

low rates in LMICs, even in those with a clinical need, are perhaps because childhood 

vaccination is a public health priority, while adult vaccinations are provided mostly in 

private clinics. The association of higher education with increased rate of vaccination 

suggests that awareness and possibly the type of health service accessed are important, since 

those who are better educated tend to be wealthier and more likely to access private services. 

However, other factors may also be important. One study showed that health care workers in 

Srinagar (India) believed that influenza vaccine was harmful and they did not prescribe it.12 

This barrier was successfully tackled through targeted education campaigns, suggesting that 

in places where availability of vaccines are not an issue, local determinants should be 

investigated and addressed.

Our analyses are based on data collected following highly standardised protocols and quality 

controlled methods. The LMIC data (except for China and Turkey) were collected after 

2008 and our results are in line with other quoted reports but local treatment guidelines or 

public health budgets might have changed since. Response to the survey was high, 80% on 

average, and the characteristics of the non-responders did not significantly differ from those 

of responders for demographics and doctor-diagnosed chronic respiratory disease. We 

acknowledge that in a study relying for some measures on self-reports, some recall error is 

inevitable and some recall bias is possible. However, we have asked very specific questions 

on ‘regular use of medications for breathing’ with much more detailed questions on the type 

and use of the medicines remembered. It is unlikely that differential reporting could explain 

the main findings.

Conclusion

The use of bronchodilators, inhaled corticosteroids and influenza vaccine is higher in HICs 

than in LMICs when adjusted for similar clinical need and is strongly associated with the 

gross national product per capita for the country. Although the financial ability to purchase 

medication is an important constraint, often not documented, affordability alone is not the 

only determinant to be considered for changing trends in use of selected essential medicines. 

There are likely to be many other local factors and barriers, including some associated with 

poverty, that are likely to influence uptake. Knowledge, awareness and attitudes, both of 

patients and health professionals, as well as health systems are some examples to be 

considered by policy makers. By identifying and addressing these in a more systematic and 

specific way, to what is locally relevant, major improvements can be expected in access and 

use of effective treatments. Better understanding of factors affecting low uptake at 

individual level and improving access to those medicines, particularly in LMICs, remains 

important.
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Figure 1. The relative rate of use (sample unweighted) of classes of respiratory medicines and flu 
vaccine, by chronic respiratory conditions and by country income
A in Subjects with COPD GOLD stage 2+ with dyspnea or wheeze 
Rate for each class of medicines calculated as (Total number of subjects with symptomatic 

COPD stage 2 on a particular class of medicines in HIC / Total number of subjects with 

symptomatic COPD stage 2 on any respiratory medicines in HIC )*100
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Figure 1. The relative rate of use (sample unweighted) of classes of respiratory medicines and flu 
vaccine, by chronic respiratory conditions and by country income
B in Subjects with reported doctor-diagnosed asthma 
Rate for each class of medicines calculated as (Total number of subjects with symptomatic 

COPD stage 2 on a particular class of medicines in HIC / Total number of subjects with 

symptomatic COPD stage 2 on any respiratory medicines in HIC )*100
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Fig 2. 
Predictors for use of Bronchodilators of inahied corticosteroids (Overall results from meta-

analysis)
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Fig 3. 
Predictors for influenza vaccine uptake (results from meta-analysis)
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Figure 4. Association of the GNIPC with use of selected medications and influenza vaccination
Adjusted for all predictors in figures 2 and 3.

GNIPC <5K US$ (Low Income- baseline): India, Philippines, China, Tunisia, Nigeria

GNIPC 5-10K US$ (Middle Income): S Africa, Turkey

GNIPC 10-30K US$ (Low- High Income): Poland, Estonia, Portugal

GNIPC 30k+ US$ (High Income): Iceland, UK, Canada, Germany, Australia, USA, Austria, 

Netherlands, Sweden, Norway
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Table1
Weighted rates of use of respiratory medications and influenza vaccine among BOLD 
sites

Any Bronchodilators or any Inhaled 
Corticosteroids Influenza vaccine

BOLD sites
Population weighted 
rate1 (%, SE)

Standardised rate for 
clinical need2 (%, N3)

Population 
weighted rate1 (%, 
SE)

Standardised rate for 
clinical need2 (%, N3)

High Income Countries

Bergen, Norway 8.9 (1.1) 32.2 (4) 21.7 (1.5) 38.8 (7)

Hannover, Germany 8.4 (1.1) 52.9 (9) 37.9 (2.0) 42.2 (4)

Krakow, Poland 7.7 (1.1) 37.6 (8) 7.2 (1.0) 12.4 (1)

Lexington, USA 22.9 (1.9) 56.9 (25) 38.5 (2.2) 39.8 (20)

Lisbon, Portugal 9.3 (0.9) 32.4 (8) 25.8 (2.2) 27.3 (7)

London, England 18.2 (2.2) 58.1 (19) 40.2 (2.5) 60.9 (23)

Maastricht, Netherlands 13.1 (1.6) 45.5 (15) 41.4 (2.2) 50.4 (16)

Reykjavik, Iceland 15.6 (1.3) 51.1 (9) 32.9 (1.7) 35.2 (7)

Salzburg, Austria 5.5 (0.7) 36.4 (14) 18.9 (1.2) 24.4 (4)

Sydney, Australia 17.4 (1.6) 52.9 (10) 33.4 (2.0) 40.1 (6)

Tartu, Estonia 4.3 (0.8) 30.7 (2) 6.2 (1.0) 6.2 (0)

Uppsala, Sweden 15.2 (1.5) 47.5 (5) 21.0 (1.8) 15.3 (2)

Vancouver, Canada 16.8 (1.3) 50.2 (13) 45.9 (1.7) 52.5 (13)

Low and Middle Income Countries

Adana, Turkey 4.9 (0.7) 16.0 (8) 2.1 (0.6) 1.5 (1)

Cape Town, South Africa 7.8 (0.9) 26.7 (18) 4.8 (0.8) 2.5 (2)

Ile-Ife, Nigeria 0.6 (0.3) 25.6 (1) 0.6 (0.3) 0.2 (0)

Guangzhou, China 1.1 (0.4) 27.2 (2) 0.5 (0.3) 0.5 (0)

Manila, Philippines 3.7 (0.7) 37.0 (7) 0.8 (0.4) 1.0 (0)

Mumbai, India 3.9 (1.5) 35.7 (3) 0.4 (0.3) 4.9 (1)

Nampicuan&Talugtug, Philippines 3.6 (0.8) 11.3 (6) 0.3 (0.2) 2.7 (1)

Pune, India 1.2 (0.3) 20.4 (3) 0.0 (0.0) 0.0 (0)

Sousse, Tunisia 3.5 (0.8) 30.6 (5) 56.6 (3.2) 69.7 (9)

Srinagar, India 2.4 (0.6) 41.9 (4) 0.0 (0.0) 0.0 (0)

1
Population estimated rate of use, weighted for survey design at each site (US, Canada and Iceland had simple random samples, China, Austria, 

Germany, Poland, Norway, Australia, England, Sweden, The Netherlands, Estonia, and Pune had stratified random samples, S.Africa had a cluster 
random sample, Turkey, Philippines, Mumbai, Portugal, Tunisia, Srinagar and Nigeria had stratified cluster samples)

2
Directly standardised rate of use among standard studied groups of adults aged 50-69 years, with spirometrically confirmed COPD stage 2+ with 

wheeze or with dyspnoea stage 2+., weighted for survey design at each site.

3
N refers to the number of individuals in the sample who fall under the standard definition, based on whom the weighted results reported were 

made.
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