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Abstract

IMPORTANCE Chronic obstructive pulmonary disease (COPD) is a respiratory condition that is
associated with significant health and economic burden worldwide. Previous studies assessed the
global current-day prevalence of COPD, but to better facilitate resource planning and intervention
development, long-term projections are needed.

OBJECTIVE To assess the global burden of COPD through 2050, considering COPD risk factors.
DESIGN, SETTING, AND PARTICIPANTS In this modeling study, historical data on COPD prevalence
was extracted from a recent meta-analysis on 2019 global COPD prevalence, and 2010 to 2018
historical prevalence was estimated using random-effects meta-analytical models. COPD risk factor
data were obtained from the Global Burden of Disease database.

MAIN OUTCOMES AND MEASURES To project global COPD prevalence to 2050, generalized
additive models were developed, including smoking prevalence, indoor and outdoor air pollution,
and development indices as predictors, and stratified by age, sex, and World Bank region.

RESULTS The models estimated that the number of COPD cases globally among those aged 25 years
and older will increase by 23% from 2020 to 2050, approaching 600 million patients with COPD
globally by 2050. Growth in the burden of COPD was projected to be the largest among women and
in low- and middle-income regions. The number of female cases was projected to increase by 471%
(vs @ 9.4% increase for males), and the number of cases in low- and middle-income regions was
expected to be more than double that of high-income regions by 2050.

CONCLUSIONS AND RELEVANCE In this modeling study of future COPD burden, projections
indicated that COPD would continue to affect hundreds of millions of people globally, with
disproportionate growth among females and in low-middle income regions through 2050. Further
research, prevention, and advocacy are needed to address these issues so that adequate preparation
and resource allocation can take place.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive respiratory condition with major
sequelae including cardiovascular risk, respiratory failure, and lung cancer.! Several risk factors have
been proposed to contribute to COPD, including smoking, indoor and outdoor air pollution, genetics,
occupational hazards, and childhood or adult infections.? Furthermore, COPD inflicts a large and
growing burden in both direct and indirect costs to society.* In the European Union, for example, the
total direct costs of respiratory diseases are estimated to be 6% of the total annual health care
allocation, with COPD accounting for 56% (€38.6 billion) of the total cost of respiratory diseases.” In
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Key Points
Question What will the global and
regional burden of COPD be in terms of

cases and prevalence by 2050?

Findings In this modeling study, global
COPD prevalence was projected to
approach 600 million cases worldwide
by 2050, which represents a relative
growth of 23% in the number of
individuals with COPD compared with
2020. The largest growth was projected
to occur among females and within low-
and middle-income income countries

and regions.

Meaning In this study, the global
burden of COPD was projected to
increase through 2050; effective
governance is required to lower the
future burden of COPD.
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the United States, COPD costs are projected to increase over the next 20 years, approaching $40
billion per year and translating into a total of $800 billion over 20 years.®

Given the considerable health and societal burden of COPD, previous studies have attempted
to estimate the global epidemiology of COPD, but estimates vary widely. For example, studies
conducted by the Global Burden of Disease (GBD) generated estimates of global age-standardized
COPD prevalence that vary between 2% to 5% across years, representing variable estimates of 328
million people with COPD in 2010 (4.77% prevalence),? 299 million in 2017 (3.9% prevalence),” and
212 million in 2019 (2.7% prevalence).® One explanation for these inconsistent prevalence estimates
is that it is not clear how different case definitions of COPD were addressed® and that differencesin
methods between reports produce variable results.®

Other recent works suggest the prevalence of COPD, using the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) definition of COPD (ie, forced expiratory volume during the first
second of forced breath [FEV,] / forced vital capacity [FVC] < 0.7),'° to be between 9% and 12%,
translating to 300 to 400 million individuals with COPD globally in 2018 to 2019.5™12 The relatively
large differences in COPD prevalence estimates within GBD studies, and between GBD studies and
meta-analyses, demonstrate how differences in data sources, diagnosis definitions, methods, and
statistical approaches can yield variable results.®

While these current-day estimation efforts are valuable, long-term projections of COPD
prevalence and cases are needed. Such projections are essential for resource planning and informing
COPD intervention programs. Also, it is imperative to understand epidemiologic trends to target and
prioritize prevention efforts by region and at-risk group. Given current trends that might impact the
development and progression of COPD, including growing and aging of the global population,™
industrialization in developing countries, global urbanization,'* increased immunization rates for
pneumonia,’ and shifts in smoking prevalence and exposure to indoor and outdoor air pollution,
projecting COPD prevalence is a timely topic. Therefore, we sought to provide a comprehensive set
of estimates regarding regional and global burden of COPD from 2020 through 2050, incorporating
all published population-level COPD prevalence studies in the literature, and accounting for
projections of known COPD risk factors, including smoking, particulate matter pollution (including
particles =2.5 microns diameter [PM, 1), ozone pollution, household air pollution, and global human
development trends, stratified by regional income and sex.

Methods

COPD Prevalence Data Set

To project global and regional COPD prevalence through 2050, we used data from a recent
meta-analysis,® which estimated global, regional, and national COPD prevalence in 2019 using 162
population-based studies from 65 countries, across both males and females 25 years or older. Since
this concerns a literature-based study, ethical approval and informed consent were not required.
Although COPD is commonly diagnosed after age 40 years, people have been shown to be diagnosed
with COPD as early as their 20s or 30s.'® COPD was defined according to GOLD criteria (ie,

FEV, / FVC < 0.7). To generate future COPD prevalence projections, more historical data predating
2019 were needed; therefore, we performed random-effects meta-analytical models for the years
2010 to 2018, providing the crude pooled COPD prevalence for those years across 7 world regions
according to the World Bank classification (East Asia and Pacific, Europe and Central Asia, Middle East
and North Africa, North America, Latin America and Caribbean, South Asia, and sub-Saharan Africa).
Due to the limited availability of historic regional data on COPD prevalence, we stopped extrapolating
historical data to 2010. Subsequently, this historical COPD prevalence (2010-2019), as well as known
COPD risk factors, were used to estimate COPD prevalence from 2020 to 2050.
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COPD Risk Factor Projection

The models adjusted for COPD risk factors at the regional level, including smoking prevalence
(measured as the proportion [%] of current smokers within a population), household air pollution
(HAP) from solid fuels (measured as the annual proportion [%] of households per country exposed
to unhealthy indoor air), human development index (HDI; a marker of human welfare within a
country), PM, s (micrograms per meter, annual average per country), and ambient ozone
concentrations (parts per billion, measured as the highest seasonal average 8-hour maximum per
region). Data and their sources are described in detail in eAppendix 1in Supplement 1. Separate
generalized additive models (GAMs; eAppendix 2 in Supplement 1) were developed to project each
risk factor individually to 2050. HDI, which was previously projected through 2050 by prior
published work,"” was used in these GAMs to forecast estimates of each COPD risk factor to 2050.

Statistical Analysis

Model Development and Evaluation

GAMs were developed to project global and regional COPD prevalence through 2050. Forecasted
data on COPD risk factors through 2050 were included in GAM models to estimate the regional
COPD prevalence in 2050. Future estimations of COPD prevalence were made by splitting the data
into a training and a test data set. The training data set consisted of historical (2010-2019) trends of
regional COPD prevalence, all COPD risk factors, and HDI. The test data set included data on
projected future COPD risk factor trends and HDI (2020-2050), which was used to project regional
COPD prevalence up to 2050. Separate GAMs were estimated for females and males. All GAMs were
performed using the mgcv package in R version 4.1.0 (R Project for Statistical Computing). For each
GAM, t distribution for tailed data and a thin plate regression spline were selected. The performance
of each GAM model was evaluated by multiple performance indices, including R?, deviance, mean
squared error (MSE), Aikake information criteria (AIC), and bayesian information criteria (BIC)
(eAppendix 2 in Supplement 1). Analyses were performed in July 2022.

Global and Regional Prevalence and Case Estimates

We generated global and regional estimates about current (2020) and future COPD prevalence (%
of eligible population aged =25 years for each year up to 2050) and the number of people with
COPD (cases) for both males and females. First, the total regional number of people with COPD was
obtained by multiplying regional COPD prevalence by regional eligible population estimates from the
World Bank, each year from 2020 to 2050, which was then summed to achieve the global number
of COPD cases per year. Global COPD prevalence was calculated by dividing the total population with
COPDin a given year by the total global population meeting inclusion criteria in that same year. Since
global and regional COPD prevalence was averaged based on model output by region and sex and
global and regional COPD cases were calculated and aggregated using data not included in the
models, confidence intervals for averaged COPD prevalence and calculated COPD cases are not
available. However, confidence intervals by region and sex were generated as part of the model and
are presented in eAppendix 3 in Supplement 1. Additionally, within the regional data, a distinction
was made between low- and middle-income regions, containing low- and middle-income countries
(LMICs) and high-income regions, hosting high-income countries (HICs).

Results

Model Fit Results

The performance of each GAM was evaluated through R?, deviance, MSE, AIC, and BIC. Across all
measures, both the female and male GAMs showed satisfactory prediction accuracy. Full details on
model performance are available in eAppendix 2 in Supplement 1.
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Global Trends

At a global level, COPD prevalence in 2020, across both males and females, was estimated to be
10.6%, which translates to 480 million cases (Table). The number of COPD cases was projected to
increase by 112 million to a total of 592 million by 2050 (9.5% of the total eligible population), a
relative increase of 23.3% from 2020 to 2050. This increase was estimated to be largely driven by an
increasing burden of COPD among females and within LMICs. Among females, COPD prevalence was
projected to increase from 7.8% in 2020 to 8.3% in 2050, representing a 6.4% relative increase. The
number of COPD cases among females was estimated to increase from 177 million in 2020 to 260
million by 2050, which translates to an increase of 83 million cases, a 47.1% relative increase. Global
COPD prevalence among males was projected to decrease from 13.4% in 2020 to 10.6% in 2050.
However, the number of male cases was estimated to increase from 303 million in 2020 to 331
million by 2050, translating to an increase of 28 million cases, a 9.4% relative increase.

Regional Trends

In 2020, the region with the highest projected COPD prevalence was North America (16.8%)
(Figure 1). By 2050, with a prevalence of 15.1%, sub-Saharan Africa was projected to become the
most prevalent region, translating into 160 million cases (eAppendix 3 in Supplement 1). As to the
number of COPD cases, East Asia and Pacific was projected to be the leading region in 2020 with 136
million cases. By 2050, East Asia and Pacific as well as South Asia were projected to be the second
and third leading regions, with 124 million and 109 million COPD cases, respectively. Overall, from
2020 to 2050, across both males and females, increases in COPD cases were projected in all regions
except for East Asia and Pacific and Europe and Central Asia, where decreases are expected.
Sub-Saharan Africa was expected to observe a moderate increase in female COPD prevalence from
13.7% in 2020 to 14.9% by 2050. However, the number of COPD cases among females in
sub-Saharan Africa was expected to have a steep increase from 30 million in 2020 to 80 million
people with COPD by 2050, translating into 62.5% growth. Among males, the number of COPD
cases in sub-Saharan Africa was projected to increase from 37 million in 2020 to 80 million in 2050.

Trends by Sex

The global burden of COPD among males (Figure 2) will remain higher than females (Figure 3)
through 2050 (10.6% vs 8.3%, respectively); however, increasing trends in prevalence among
females will begin to approach that of males, driven by increases in LMICs (Figure 4). For males, the

Table. Global Projected COPD Prevalence, Cases, and Relative Change From 2020 to 2050 by Sex

Sex 2020 2030 2040 2050
Female
Prevalence, % 7.8 8.1 8.34 8.33
Cases, No. 176776 887 210351803 240030181 260106028
Relative change in prevalence, % NA 3.8 (vs2020) 2.5 (vs2030) -0.12 (vs 2040); 6.4 (vs 2020)
Relative change in cases, % NA 19.0 (vs 2020) 14.1 (vs 2030) 8.4 (vs 2040); 47.1 (vs 2020)
Male
Prevalence, % 13.4 12.5 11.6 10.6
Cases 303080615 322532353 333145741 331449760
Relative change in prevalence, % -NA -6.7 (vs 2020) -7.2 (vs 2030) -8.6 (vs 2040); -20.9 (vs 2020)
Relative change in cases, % NA 6.4 (vs 2020) 3.3 (vs2030) -0.5 (vs 2040); 9.4 (vs 2020)
Global
Prevalence, % 10.6 10.3 9.7 9.5
Cases, No. 479857502 532884156 573175922 591555788
Relative change in prevalence, % NA -2.8 (vs 2020) -5.8 (vs 2030) -2.1 (vs 2040); -10.4 (vs 2020)
Relative change in cases, % NA 11.0 (vs 2020) 7.6 (vs 2030) 3.2 (vs 2040); 23.3 (vs 2020)

Abbreviation: NA, not applicable.
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number of COPD cases was projected to decrease from 2020 to 2050 in East Asia and Pacific as well
as Europe and Central Asia, whereas an increase is estimated to be observed in Middle East and North
Africa, North America, Latin America and Caribbean, South Asia, and sub-Saharan Africa. Female
COPD prevalence was projected to increase across all regions from 2020 to 2050, except for Europe
and Central Asia, which is estimated to observe a small decrease.

Trends by Income

In 2020, models estimated that LMICs would host 321 million people with COPD vs 159 million in
HICs, a 2.0 ratio. By 2050, it was projected that 426 million people with COPD would reside in LMICs
vs 166 million residing in HICs, growing the ratio of cases in LMIC:HIC to 2.6. In other words, the
disparity of COPD burden in LMICs vs HICs is expected to grow, with an projected growth of 32.7%
in LMICs and 3.8% in HICs from 2020 to 2050. Overall, regarding COPD cases, LMICs appear to be
growing at a much more rapid pace than HICs, which were projected to observe modest growth from
2020 to 2050 (Figure 4).

Discussion

This study is the first, to our knowledge, to project the prevalence and number of cases of COPD
through 2050, at global and regional levels, by income and sex, using spirometry-based data
according to the GOLD definition. Due to current trends, including a growing and aging population,™
COPD will continue to be a large burden worldwide, with a relative increase of 23% in the number of
cases of COPD, approaching 600 million, with a growing and disparate burden among women and
LMICs. Globally, projections indicate overall COPD prevalence may decrease slightly from 10.6% in
2020 to 9.5% by 2050. Factors contributing to this decrease might include urbanization and
modernization of technology. Although air pollution is generally found to be worse in urban areas
than in rural areas,"” with global urbanization, COPD prevalence might improve because more
households are shifting from traditional cooking methods in poorly ventilated homes to gas or
electric cooking in better ventilated homes.'® Furthermore, with modernization of air polluting
industries in developing countries, outdoor air pollution, such as PM, 5 is generally improving or
remaining stable.'® Nevertheless, the number of cases of COPD was projected to increase to 592
million by 2050, a 23% relative increase, likely due to a growing and aging population that continues
to be exposed to these underlying risk factors.

When examining the trends by regional income, we observed a growing burden among LMICs.
COPD prevalence is estimated to be higher in HICs; however, most absolute cases are projected to be

Figure 4. Chronic Obstructive Pulmonary Disease (COPD) Cases Calculated Based on Generalized Additive Models Prevalence Estimates
Across Low- and Middle-Income Countries (LMICs) and High-Income Countries (HICs)
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in LMICs both now and in the future, which aligns with previous studies showing that more than
three-quarters of global COPD cases exist in LMICs.”2%-?' By 2050, the number of people with COPD
in LMICs is expected to be more than double that of HICs. For example, we projected a 59% increase
in COPD cases in sub-Saharan Africa, which will surpass other world regions in both COPD prevalence
and cases by 2040.812 This trend likely reflects a growing and aging population, increased exposure
to risk factors such as tobacco smoking, continued exposure to indoor pollution due to biomass fuels
used for cooking and heating,'®'” outdoor air pollution, inadequate health care access,
industrialization, urbanization, and a large burden of childhood and adult lower-respiratory tract
infections.?®1> Additionally, LMICs largely focus their clinical prevention efforts on communicable
diseases, including HIV/AIDS, malaria, and tuberculosis, and to a lesser extent on noncommunicable
diseases, such as COPD.?? However, the long-term impact of such communicable diseases includes
development of COPD, but long-term follow-up of cases is rarely done.?*

When looking at trends by sex, male prevalence and cases will continue to be higher than
females through 2050, but growth among females is projected to be steeper. A similar trend has
been observed by a study assessing COPD prevalence in the European Union, demonstrating overall
increases in female prevalence, but decreases in males from 2001 to 2019.2* The rise of COPD among
females has been attributed to increases in smoking prevalence and exposure to biomass smoke
during cooking in poorly ventilated homes within LMICs.2> Moreover, to develop COPD, it has been
demonstrated that females require less cumulative smoking exposure than males.2® A recent study
on COPD mortality worldwide found a consistent decrease in mortality in most countries for males,
while an opposite trend was observed in females. These trends were similarly attributed to increased
smoking among females and continued indoor air exposure.?” In a spirometry-based study in rural
Uganda, a higher COPD prevalence was identified among females (16.8%) vs males (15.4%),
attributed to sources of indoor air pollution.?®

One challenge in estimating COPD globally is that of accurate diagnosis across varying health
systems and especially across regions with differing levels of health-system development. At
present, the diagnosis of COPD requires spirometry to demonstrate reductions in airflow.®™
However, spirometry is not readily and equally available in all areas, leading to potential
underdiagnosis, particularly in LMICs. According to a World Health Organization report, at least half
of the global population does not have access to essential health services, with wide gaps observed in
LMIC regions sub-Saharan Africa and South Asia.™ Distribution of available and appropriate
diagnostic and disease-management services will be critical for COPD into the future.

Limitations

We acknowledge several limitations in this study. First, based on our modeling approach, we were
reliant on published data regarding COPD prevalence; therefore, our analyses are subject to the same
limitations as the original data. For example, COPD is disproportionately underdiagnosed in
developing regions, which is reflected by the general lack of available literature from these regions.
Second, to forecast COPD risk factors through 2050, we solely relied on HDI, which was projected
through 2050 by other work." Although HDI was shown to be strongly and positively correlated with
the COPD risk factors included in our models, we recognize that there might be other relevant
variables that could be used for forecasting COPD risk factors, including seasonal variation and
climatic factors.?® Third, in lacking individual data, we relied on aggregate data for our modeling
approach, which can be considered a limitation for all such modeling studies. For example, we have
annual PM, s data at a national level but lack granular data regarding local variations and individual
exposures. Consequently, our models and previously published modeling work were not capable of
adjusting adequately for relevant confounders, such as demographic information beyond age and
sex, socioeconomic status, and information on disease-related behaviors (eg, treatment behavior,
health literacy). Fourth, we did not account for competing risks over time. For example, as mortality
in the African regions from communicable disease and malnutrition improve, more people will be
projected to survive over time, perhaps putting them at more risk for noncommunicable diseases
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such as COPD. Fifth, we did not account for increased use of vaping (e-cigarettes). For instance, it has
been reported that, while controlling for combustible tobacco smoking, the odds of developing
respiratory disease were 1.29.3° However, the impact of e-cigarettes on COPD development is
unclear but may well become a major contributor in the future beyond what our models would
predict. Finally, our study relied on data from the GBD and a recent meta-analysis, both of which did
not consider certain genetic risk factors in COPD (eg, stress-induced protein, family history, and
interleukin) as discussed by COPDGene,?' and neither were we able to control for all other relevant
risk factors across the life course that make COPD a heterogenous disease.>?

Conclusions

Our findings provide insight into the contemporary and future global burden of COPD, affecting
hundreds of millions of people globally. Furthermore, our findings suggest that COPD may
disproportionately impact LMICs and females, who already face high health burdens. Further
research, prevention and advocacy is needed to address these issues so that adequate preparation
and resource allocation can take place.
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