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Abstract

Asthma-COPD Overlap (ACO), also known as asthma-COPD overlap syndrome 
(ACOS), is a condition where patients exhibit features of both asthma and chronic 
obstructive pulmonary disease (COPD). Recently, it has been shown that biologi-
cal sex plays a significant role in ACO. Women with ACO typically experience more 
severe symptoms, higher rates of exacerbations, and worse quality of life compared 
to men. Differences in airway anatomy may partly explain this disparity, as women 
tend to have proportionally smaller airways than men. Additionally, women are 
often more sensitive to environmental triggers and display stronger inflammatory 
responses. Hormonal factors such as estrogen levels can also influence airway inflam-
mation and reactivity, contributing to ACO phenotypes. Despite women being more 
severely affected by ACO, they are often diagnosed later than men, which can lead to 
delayed treatment and poorer outcomes. In this chapter, we describe the ACO patho-
physiology and risk factors, and we discuss the current state of the field in elucidating 
mechanisms underlying sex differences.
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1. �Introduction

Asthma-COPD Overlap (ACO), formerly referred to as asthma-COPD overlap 
syndrome (ACOS), is a clinical phenotype characterized by features of both asthma 
and chronic obstructive pulmonary disease (COPD) [1]. The term was introduced to 
acknowledge a subset of patients who defy classical distinctions between these condi-
tions, necessitating a unique clinical approach [2, 3]. Asthma is a chronic respiratory 
disease characterized by variable airflow obstruction, airway hyperresponsiveness, 
and inflammation, often with an eosinophilic or allergic background. COPD, in con-
trast, is defined by persistent, largely irreversible airflow limitation associated with 
a chronic inflammatory response to inhaled irritants, typically tobacco smoke, air 
pollution, or biomass fuel exposure. Thus, chronic airway inflammation is a signifi-
cant factor in ACO and contributes to airway remodeling, airflow obstruction, and 
multiple disease symptoms, including wheezing and dyspnea, which tend to worsen 
during acute exacerbations [4].
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The public health implications of ACO are substantial, representing a significant 
population health burden that affects millions of patients with disproportionate 
impact on socioeconomically disadvantaged populations [5]. The condition serves 
as a major driver of healthcare costs and resource utilization, highlighting the 
critical need for targeted screening programs, specialized treatment protocols, and 
interventions that address the socioeconomic barriers to care that characterize this 
population [6].

2. �Clinical presentation, pathophysiology, and risk factors

Patients with ACO typically present with persistent airflow limitation that shows 
significant bronchodilator reversibility, along with a history of childhood asthma, 
allergies, or atopy [7]. These patients typically present at age 40 or older with per-
sistent post-bronchodilator airflow limitation (FEV1/FVC <0.70), characteristic of 
COPD, combined with significant bronchodilator reversibility (improvement of>15% 
and > 400 mL in FEV1), typical of asthma [8]. Additional diagnostic criteria  
include a history of asthma before age 40 or elevated blood eosinophils, at least 10 
pack-years of smoking [2, 9], and variable symptoms that often worsen at night or 
early morning [10].

Since asthma and COPD present with similar symptoms and ACO encompasses 
multiple phenotypic variations, establishing clear diagnostic criteria has remained 
challenging [11]. ACO does not result from a single, distinct etiology but rather 
reflects a convergent pathophysiological process in which risk factors for both asthma 
and COPD interact along a continuum of airflow obstruction [12]. Thus, the develop-
ment of ACO typically involves the simultaneous presence of risk factors from both 
constituent diseases, with cigarette smoking and environmental exposures serving as 
primary drivers [13].

Tobacco use has emerged as the predominant risk factor for ACO, with epi-
demiological evidence demonstrating its profound impact on obstructive airway 
disease development [14]. A large retrospective cohort study revealed that 
continuous cigarette smoking increased COPD risk nearly five-fold compared 
to non-smokers (36% versus 8% incidence), establishing smoking as a critical 
pathway toward ACO development in susceptible individuals [15]. Moreover, 
among current cigarette smokers, adults with ACO have a notably higher rate of 
heat tobacco products (HTP) use, with an adjusted odds ratio (OR) of 5.81 com-
pared to smokers without ACO [16]. HTPs are electronic devices designed to heat 
tobacco leaves, creating aerosols that contain nicotine, carcinogens, additives, and 
flavored compounds [17].

From a clinical management perspective, ACO presents unique challenges that 
traditional single-disease approaches often fail to address adequately [18–20]. The 
complexity of the condition requires the use of combination therapies that target 
symptoms of both asthma and COPD simultaneously [21], and early identification 
is crucial to prevent irreversible lung damage [11, 22]. The pathophysiology of ACO 
involves a complex, dual inflammatory process that combines Type 2 (eosinophilic) 
inflammation, typical of asthma, with Type 1 (neutrophilic) inflammation char-
acteristic of COPD [13, 23, 24]. This results in a mixed inflammatory profile that 
contributes to more severe disease than either asthma or COPD alone [25]. Thus, 
patients with ACO experience more severe symptoms, faster lung function decline, 
and higher exacerbation rates compared to those with asthma or COPD individually 
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and thus display increased healthcare utilization [26–28]. Effective treatment often 
requires personalized, combination approaches targeting both asthma and COPD 
pathways [29, 30].

Another key feature bridging asthma and COPD is airway hyperresponsive-
ness (AHR) to allergens and environmental triggers. Longitudinal data from 9651 
subjects followed for 11 years revealed that heightened AHR independently predicts 
COPD onset, underscoring this shared pathophysiological pathway in ACO [15]. 
Furthermore, atopy and early allergic sensitization play essential roles in connecting 
asthma to subsequent COPD development. An observational study of 1025 men with 
a mean age of 61 demonstrated that atopic individuals were at significantly higher 
risk for COPD, suggesting that early allergic inflammation predisposes patients 
to the mixed inflammatory patterns seen in ACO [4]. Collectively, these findings 
illustrate how the convergence of smoking-related airway injury, allergic sensitiza-
tion, and AHR creates a complex pathophysiological environment that leads to ACO 
development.

3. �Epidemiology

The absence of standardized diagnostic criteria for ACO represents a challenge 
to determining its actual epidemiological burden [31]. Current prevalence estimates 
suggest that ACO affects approximately 2–3% of the general adult population [5, 8, 
32]. When examining ACO within the context of its component diseases, the condi-
tion demonstrates considerable prevalence variability, occurring in 2–12% of patients 
with COPD and 5–17% of those with asthma, depending on the diagnostic criteria 
and population studied [32, 33]. In some population-based cohorts, approximately 
26% of asthma patients and up to 30% of COPD patients meet the criteria for ACO.

In general, ACO is more prevalent among older adults, especially those who have 
experienced childhood-onset asthma and a significant history of smoking [7]. More 
recently, multiple studies have reported a higher prevalence of ACO in women, 
who may also present with more pronounced symptoms and greater health-related 
quality-of-life impairments [34–37]. However, compared to asthma or COPD alone, 
ACO is associated with more frequent exacerbations, increased hospitalizations, 
more extended hospital stays, greater medication use, and higher healthcare resource 
utilization [11].

Geographic variations in prevalence have also been reported, with estimates 
ranging from 3.7% in the United States to 0.61% in China, likely reflecting differences 
in genetic susceptibility, environmental exposures, and diagnostic practices across 
populations [26, 38, 39]. ACO patients also demonstrate a distinct demographic 
profile with a mean age of 64.0 years, positioning them younger than typical COPD 
patients (67.1 years) but older than typical asthma patients (59 years). This age distri-
bution suggests either the occurrence of early-onset COPD with asthmatic features, 
or progressive asthma that develops fixed obstruction over time [18, 21, 40]. A study 
in Japan indicated that the incidence could range from 4.2% to 49.7%, depending on 
the population and criteria used [41]. The same study reported that ACO patients 
are typically younger than non-ACO COPD patients, have a higher rate of physician-
diagnosed asthma, and use more medications, especially inhaled corticosteroids [41].

ACO also presents a substantially greater clinical burden than other obstructive 
airway diseases [42]. Comorbidity rates are exceptionally high, with an overwhelming 
90.2% of ACO patients reporting at least one additional condition. These rates are 
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significantly higher than those of COPD alone (84%) and far exceeding asthma or 
control populations [5]. Main comorbidities include cardiovascular disease, diabe-
tes, hypertension, depression, anxiety, and metabolic disorders [43, 44]. The high 
comorbidity burden likely reflects the systemic inflammatory nature of the condition 
and shared risk factors between respiratory and other chronic diseases. These patients 
also report higher rates of disability (70.8% compared to 58.6% of those with COPD 
alone) and work absences, as well as reduced rates of physical activity and lower qual-
ity of life scores [5, 45, 46].

The frequent exacerbations and more severe symptom burden translate directly 
into increased healthcare costs and morbidity, making ACO a major driver of respira-
tory-related healthcare expenditure [47]. It is estimated that ACO patients experience 
hospitalization or emergency department visits at a rate nearly double that of those 
with COPD alone, despite their younger average age, underscoring the severity and 
complexity of this condition and the urgent need for early identification and targeted 
management strategies [48].

Finally, notable socioeconomic disparities also characterize the ACO population 
[6, 49]. These include elevated body mass index (BMI), reduced household income, 
and diminished educational achievement [50]. These disparities perpetuate a cycle 
of suboptimal care through diagnostic delays, inadequate specialist access, medica-
tion non-adherence, and persistent exposure to disease-exacerbating environmental 
factors.

4. �Sex differences

It has long been recognized that sex-based differences significantly influence the 
clinical presentation, management, and outcomes of both asthma and COPD [51, 
52]. Women with asthma face higher hospitalization and readmission rates than men, 
despite receiving comparable in-hospital care, and often demonstrating superior 
baseline lung function and primary care management [53]. For COPD, women tend 
to be younger at diagnosis, have smoked less, and exhibit better lung function than 
men, yet they experience more frequent exacerbations, greater dyspnea, and higher 
morbidity [51, 54, 55]. Imaging studies show that females with COPD have smaller 
airways and a lower burden of emphysema than males, which, combined with bio-
logical and hormonal differences, may contribute to their heightened susceptibility 
and symptom severity [56, 57]. These anatomical variations, combined with biologi-
cal and hormonal factors, may explain the increased vulnerability and symptom 
severity observed in women vs. men with ACO.

Based on the available research, several essential sex differences in ACO exist 
that parallel and extend beyond the known sex differences in asthma and COPD 
individually [58, 59]. A study conducted in aboriginal populations showed that 
ACO represented 1.65 and 3.53% in males and females, respectively, showing that 
women are more than twice as likely to develop ACO compared to men in this 
group [60]. Several studies have also suggested that women are at increased risk 
of ACO compared with men, which aligns with the broader pattern seen in adult 
asthma, where asthma is more prevalent and more severe in women than men [34, 
35, 52, 61, 62].

Tobacco use has also shown a differential impact on the development of lung 
diseases, including ACO, in men and women [63]. The combination of asthma and 
tobacco exposure leads to a more rapid decline in lung function, greater symptom 
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burden, increased exacerbations, and a higher prevalence of comorbidities compared 
to either disease alone [18, 64]. Epidemiological studies have also shown that women 
with asthma are at high risk of progressing to COPD or ACO as they age, with tobacco 
use significantly accelerating this transition [18, 35, 65]. A study of more than 10,000 
adults in South Carolina found that the prevalence of ACO in women who smoked 
for >10 years was more than double that of men with a comparable smoking history 
[34]. In contrast, women and men had a similar prevalence of ACO if they were never 
smokers. Similarly, in a large cohort of women with asthma, those with a history of 
cigarette smoking were much more likely to develop ACO, and the risk increased with 
greater cumulative tobacco exposure and age. Specifically, smoking more than 20 
pack-years and being over the age of 60 were the strongest predictors of ACO [64]. 
This risk is compounded by the observation that women are more susceptible to the 
harmful pulmonary effects of tobacco than men, likely due to biological differences 
in airway size, hormonal influences, and metabolic processing of tobacco toxins [66]. 
Beyond smoking, other individual factors such as lower education, obesity, unem-
ployment, and rural residence have also been shown to contribute to the increased 
risk of both COPD and ACO in women [2, 67, 68].

Women with ACO not only face a higher risk of disease development but also 
experience a more rapid decline in lung function, increased symptom burden, and a 
greater frequency of exacerbations compared to men [15, 69]. They are also particu-
larly vulnerable to environmental exposures such as air pollutants and allergens [70]. 
Chronic and acute exposures to particulate matter (PM2.5 and PM10), nitrogen dioxide 
(NO2), ozone (O3), and other traffic-related pollutants have been linked to acceler-
ated lung function decline, increased symptoms, and heightened exacerbation risk in 
ACO. Biomass fuel combustion (such as wood, charcoal, and dung) used for cooking 
or heating is also a significant risk factor for ACO in women in low- and middle-
income countries [71]. Exposure to these indoor pollutants has been associated 
with increased rates of chronic bronchitis, asthma exacerbations, and fixed airflow 
obstruction [72]. Similarly, repeated exposure to indoor and outdoor allergens, such 
as dust mites, mold, and pollen, can also contribute to differential ACO development 
and progression in women and men [73]. Collectively, these exposures may act syn-
ergistically with sex-specific genetic and immunological predispositions to accelerate 
disease progression [13, 74].

The pronounced sex differences observed in ACO likely arise from hormonal 
mechanisms similar to those driving sex disparities in asthma and COPD individu-
ally [52, 75–77]. Female sex hormones, including estrogen and progesterone, exert a 
significant influence across the lifespan, contributing to poorer asthma control and 
greater AHR in adult women [77]. These hormonal influences on airway inflamma-
tion, bronchial reactivity, and immune modulation are expected to similarly impact 
the asthmatic component of ACO, potentially contributing to the higher symptom 
burden and exacerbation rates observed in women.

Research on sex differences in respiratory disease treatment has revealed impor-
tant patterns that likely apply to ACO management [37, 78]. In asthma, the majority of 
available literature reports that men respond better than women to both asthma and 
COPD therapeutics. This suggests that women with ACO having features of both con-
ditions may face particular challenges in achieving optimal treatment responses. This, 
combined with the sex disparities in ACO prevalence and outcomes, underscores the 
need for the development of personalized medicine approaches that consider both 
biological sex differences and gender-related factors in diagnosis, treatment, and 
management of this complex respiratory condition [37].
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5. �Disease mechanisms and sex-specific features

Asthma and COPD differ fundamentally in their inflammatory and structural 
pathologies. Asthma is primarily driven by T-helper 2 (Th2) immune responses, 
leading to eosinophilic inflammation, elevated levels of pro-inflammatory cytokines 
(such as interleukins (IL)-4, IL-5, and IL-13), and AHR [13, 52, 75]. In contrast, 
COPD is primarily characterized by Th1- and Th17-mediated inflammation, marked 
by neutrophilic infiltration, increased IL-8 and TNFα, oxidative stress, and a pro-
tease–antiprotease imbalance, which contributes to tissue destruction and airway 
remodeling [13, 54]. Consequently, patients with ACO frequently exhibit a mixed 
inflammatory profile, displaying both eosinophilic and neutrophilic inflammation in 
bronchoalveolar lavage fluid, sputum, and airway tissues [24, 25]. This hybrid inflam-
matory pattern likely underlies the severe symptoms and increased exacerbation rates 
observed in ACO compared with asthma or COPD alone [26, 69].

Biological sex has a significant influence on these inflammatory pathways in 
both asthma and COPD [54, 60, 79, 80]. Gonadal hormones such as estrogen and 
progesterone modulate immune responses in women, amplifying Th2 pathways and 
contributing to heightened eosinophilic inflammation observed in asthma and ACO 
[13, 52, 75]. Conversely, androgens tend to suppress Th2 inflammation, which may 
partly explain why prepubertal boys have higher asthma prevalence, while postpuber-
tal women experience greater disease burden [61, 81]. These hormonal effects likely 
interact with genetic and environmental factors to influence the severity, progression, 
and unique mixed inflammatory profile of ACO, contributing to the increased symp-
tom burden, more frequent exacerbations, and greater healthcare needs observed in 
women compared to men.

Preclinical and clinical studies conducted over the past decades have indicated that 
both genetic and epigenetic factors contribute to the pathogenesis of ACO and related 
sex differences. Shared susceptibility loci, such as polymorphisms in the ADAM33, 
ORMDL3, and IL17F genes, have been linked to both asthma and COPD, suggesting a 
genetic predisposition to overlapping phenotypes [74, 82, 83]. Recent transcriptomic 
and epigenomic analyses of airway samples have revealed distinct gene expression 
patterns in ACO patients that overlap with those of asthma and COPD, while also 
displaying unique molecular profiles [74, 82]. These findings highlight potential 
targets for precision therapies. For example, differential expression of genes regulat-
ing eosinophil function (e.g., IL5RA) and neutrophil chemotaxis (e.g., CXCL8) may 
influence individual responses to inhaled corticosteroids or biologics targeting Type 2 
inflammation [24, 25].

Emerging research has also indicated that sex-specific molecular mechanisms 
contribute to differences in disease severity and treatment response in ACO. 
Transcriptomic studies have identified sex-biased gene expression in immune 
pathways, including those involved in interferon signaling and antigen presenta-
tion, suggesting that hormonal regulation of these pathways may exacerbate airway 
inflammation in women [74, 84]. Additionally, sex-specific epigenetic modifica-
tions, such as DNA methylation of genes involved in airway remodeling or oxidative 
stress responses, may further contribute to differential disease progression [74, 85]. 
Understanding these complex, intertwined mechanisms is essential for advancing 
personalized medicine for ACO that integrates sex-specific molecular insights into 
clinical practice.
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6. �Conclusion

ACO represents a clinically distinct and epidemiologically significant condition 
that bridges traditional asthma and COPD categories. The epidemiological evidence 
demonstrates that this dual diagnosis population, while younger than typical COPD 
patients, carries a disproportionate burden of comorbidities, disability, and health-
care utilization. Clinical recognition and proper management of ACO are essential 
given the associated healthcare costs, morbidity, and the vulnerable socioeconomic 
profile of affected patients. The concept remains clinically useful despite evolving 
terminology, emphasizing the need for individualized care approaches that address 
both asthmatic and COPD features simultaneously. The substantial population 
burden and clinical complexity of ACO underscore the importance of continued 
research, targeted interventions, and specialized care protocols for this challenging 
patient population.
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