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Epidemiological characteristics of asthma- ==

COPD overlap, its association with all-cause
mortality, and the mediating role of depressive
symptoms: evidence from NHANES 2005-2018
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Abstract

Background Asthma-COPD overlap (ACO) is a distinct and intricate respiratory condition that requires specific atten-
tion and management. The objective of this cohort study was to examine the epidemiological characteristics of ACO,
explore the association between ACO and all-cause mortality, and investigate the potential mediating role of depres-
sive symptoms in this association.

Methods This retrospective cohort study used data from the National Health and Nutrition Examination Sur-

vey (NHANES) 2005-2018 and National Death Index (NDI) 2019. A total of 22,745 participants were included: 705
with ACO, 2352 with asthma-only, 853 with COPD-only, and 18,835 without asthma or COPD. The non-ACO group
(N=22,040) referred to the individuals without ACO. Statistical tests were employed to assess differences in some
characteristics between the ACO group and the other groups. Cox proportional hazards models were applied

to evaluate the relationship between ACO and all-cause mortality, estimating hazard ratios (HR) with 95% confidence
intervals. Mediation analysis was conducted to investigate the potential mediating effects of depressive symptoms
on the association of ACO with all-cause mortality.

Results The prevalence of ACO was 3.10% in our study population. Compared to the non-ACO participants, the ACO
participants exhibited significantly different characteristics, including higher age, a lower family income-to-poverty
ratio, a higher body mass index, higher rates of comorbidities i.e., hypertension, diabetes, hyperlipidemia, cardiovascu-
lar disease, and cancer, poorer dietary habits, and a higher rate of depressive disorders. Compared to the participants
without ACO, the participants with ACO exhibited a significant increase in all-cause mortality (HR=1.908, 95%Cl
1.578-1.307, p<0.001). The proportions mediated by depressive symptoms for ACO -associated all-cause mortality
were 8.13% (Cl: 4.22%-14.00%, p < 0.001).

Conclusions This study revealed a strong relationship between ACO and all-cause mortality and uncovered a poten-
tial psychological mechanism underlying this relationship. Our study indicates the possible necessity of offering com-
prehensive care to ACO patients, encompassing early detection, lifestyle guidance, and mental health support. Never-
theless, due to the limitations in the study design and the dataset, the results should be interpreted with caution.
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Background

The two common progressive lung diseases, asthma and
chronic obstructive pulmonary disease (COPD), are lead-
ing causes of morbidity and mortality worldwide [1].
They have unique clinical features requiring different
management strategies but can coexist. Despite a lack of
consensus on its recognition, definition, and diagnosis [2,
3], the term "Asthma-COPD overlap" (ACO), describing
a condition where individuals show symptoms of both
asthma and COPD, has gained widespread use since it
was recommended by the Global Initiative for Asthma
(GINA) and the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) in 2017 [2, 4, 5]. While the debate
about the term is still ongoing, there is agreement among
healthcare professionals that patients presenting symp-
toms of both Asthma and COPD require personalized
care for better outcomes [3, 6]. Despite the recommenda-
tion by the GOLD report in 2021 to discontinue the term
"ACO" [7], ACO as a medical condition or trait remains a
subject of considerable interest and discussion, attracting
significant attention [8]. As proposed by various recom-
mendations and guidelines, ACO can be broadly under-
stood as a medical condition characterized by persistent
airflow limitation and clinical features that exhibit char-
acteristics of both asthma and COPD [6, 8].

Due to a lack of consensus on identification or diagnos-
tic criteria, the prevalence of ACO has not been firmly
established [3]. However, currently available evidence
suggests that ACO is not uncommon, with a prevalence
ranging from 1 to 30% in the general population, repre-
senting around 10%-60% of COPD patients and around
15%-66% of asthma patients [2, 3, 6, 8—10]. It has been
estimated that the number of ACO patients will increase
significantly alongside the rising numbers of asthma
and COPD patients [6]. Patients with ACO may experi-
ence a greater symptom burden, worse quality of life and
more frequent and severe respiratory exacerbations than
those with asthma or COPD alone, resulting in increased
healthcare services and substantial economic costs [6, 8,
10]. Therefore, there is an urgent need to develop a com-
prehensive understanding of ACO and implement appro-
priate measures to address it effectively.

Substantial progress has been made in ACO research
[8], but current knowledge and experience for ACO and
its management are notably limited [11]. Our current
understandings of ACO and the targeted treatments and
care are mainly informed by studies in asthma and COPD
that usually excluded ACO patients [2, 6, 8]. From an epi-
demiological perspective, characteristics of ACO have

not been thoroughly studied and current evidence holds
conspicuous inconsistencies. While Inoue et al. (2017)
[12] found patients identified as having ACO syndromes
were significantly younger, Koleade et al. (2018) and
Ekerljung et al. (2018) suggested a higher age was asso-
ciated with an increased risk of ACO [13, 14]. Lee et al.
(2021) and Koleade et al. (2018) presented conflicting
conclusions regarding the association between gender
and ACO [13, 15]. Although many studies have reported
that ACO is associated with increased mortality [16, 17],
Leung and Sin (2023) [8] have suggested that the current
evidence about the mortality related to ACO is still lim-
ited and even inconsistent, partially attributed to the var-
ying criteria of identification and different populations.

While mental health is crucial in managing physical
health issues and improving the quality of patients’ lives
[18], research on mental health conditions like depres-
sion among ACO patients is scarce. Depression, which
has a strong association with higher mortality rates [19]
and has gained significant attention globally in recent
years, was widely reported as a prevalent comorbid-
ity among patients with lung diseases, including asthma
and COPD [20-22]. Numerous studies have investigated
how depression may mediate the relationship between
lung diseases and mortality or adverse health outcomes,
aiming to develop targeted interventions for managing
these diseases and preventing negative consequences
[22]. However, current understandings of the associa-
tion between ACO and depression are limited to spe-
cific observations in asthma and COPD patients [23, 24],
and the role of depression in the development of ACO
remains unclear.

This study aims to advance current understandings of
ACO by investigating 1) the prevalence and epidemio-
logical characteristics of ACO using the commonly used
definition of ACO [25] and well-accepted approaches
to its identification, 2) the association of ACO with all-
cause mortality, and 3) the potential mediating role of
depressive symptoms in this association.

Methods

Study design and population

We conducted a retrospective longitudinal study utiliz-
ing the National Health and Nutrition Examination Sur-
vey (NHANES) 2005-2018 database, and National Death
Index (NDI) records that were updated to December 31,
2019. NHANES is a national cross-sectional survey pro-
gram conducted by the National Center for Health Sta-
tistics (NCHS) of the Centers for Disease Control and
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Prevention (CDC) in two-year cycles, with a goal of pro-
viding insights into various health conditions, risk fac-
tors, and nutritional patterns of families and populations
in the United States (https://www.cdc.gov/nchs/nhanes/
index.htm). NHANES offers a distinctive opportunity
for studying ACO due to its provision of a representa-
tive sample of approximately 5000 individuals on a yearly
basis, combining data from interviews, physical exami-
nations, and laboratory tests (datasets from every two
years are incorporated into one cycle) [1, 26]. The dataset
encompasses Demographic Data, Dietary Data, Exami-
nation Data, Laboratory Data, Questionnaire Data, and
Limited Access Data.

The NHANES data can be linked with death certifi-
cate records from the National Death Index (NDI), i.e.,
Linked Mortality Files (LMFs) provided by NCHS, which
have been updated with mortality follow-up data through
December 31, 2019. For protecting the identities of the
individuals involved, the NHANES database anonymizes
participants’ data and employs unique identifiers (called
‘SEQN’) that could help match participants’ data with
LMFs. For more information on accessing the mortality
files, please refer to the official website (https://www.cdc.
gov/nchs/data-linkage/mortality.htm) [27].

For this investigation, we retrieved data from seven
NHANES cycles spanning the years from 2005 to 2018,
specifically encompassing the 2005-2006, 2007-2008,
2009-2010, 2011-2012, 2013-2014, 2015-2016, and
2017-2018 cycles, and a total of 70,190 individuals were
identified. After excluding the ones with missing infor-
mation on depressive symptoms assessed by the PHQ-9
questionnaire (N=33,800), pulmonary disease diagnosis
(N=2,095), and mortality (N=64), 34,231 individuals were
selected. Since one well-accepted criterion in identifying
both ACO and COPD was an age equal to or over 40 [28—
30], in this study we excluded 11,486 individuals whose age
was less than 40 years. Finally, 22,745 participants were
included in the analysis. NHANES created weights applied
to data to account for oversampling, nonresponse, and
noncoverage, thereby forming representative samples of
the U.S. civilian noninstitutionalized resident population.
In this study involving Mobile Examination Center (MEC)
data, the 2-year sample weight— wtmec2yr accounted for
7 cycles (1/7*wtmec2yr) was used for all analyses, which
allowed for the generation of nationally representative esti-
mates with a weighted population estimated to be around
130 million. More information about the weights and their
associated process could be found on the NHANES web-
site via the following link: https://wwwn.cdc.gov/nchs/
nhanes/tutorials/weighting.aspx.
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ACO and the referenced groups

By using the commonly used criteria of or available
approaches to identifying the focused diseases and clini-
cal conditions, and relying on the data availability within
the NHANES 2005-2018, this study grouped partici-
pants as follows: 1) the asthma-only group (N=2352) [1,
4, 31-33], including participants who reported at least
one of the following conditions: a) having an episode of
asthma or an asthma attack during the past 12 months,
b) ever being told by a doctor or other health profession-
als that they had asthma, and c) using drugs including
selective phosphodiesterase-4 inhibitors, mast cell stabi-
lisers, leukotriene modifiers or inhaled corticosteroids,
and excluding participants with chronic bronchitis and
emphysema; 2) the COPD-only group (N=853) [4, 31,
34, 35], including participants who had at least one of the
following conditions: a) reporting having emphysema, b)
reporting ever being told they had emphysema, c) hav-
ing a ratio of forced expiratory volume in 1 s (FEV1) and
forceful lung volume (FVC) (FEV1/FVC) after broncho-
dilator use less than 0.70 in laboratory test, and d) report-
ing ever being told they had chronic bronchitis and used
drugs including selective phosphodiesterase-4 inhibitors,
mast cell stabilisers, leukotriene modifiers, inhaled corti-
costeroids, and excluding participants with asthma; 3) the
ACO group (N=705) [4, 6, 36, 37], including participants
who met the identification criteria for both asthma and
COPD (at least 1 characteristic from each); 4) the non-
asthma/COPD group, including participants who did
not meet any identification criteria for the asthma-only
or COPD-only group. We formed the non-ACO group
by combining participants from the asthma-only, COPD-
only, and non-asthma/COPD groups. In this study, smok-
ing was not considered as a condition to identify COPD
[38, 39], mainly because while it has been regarded as the
best-known and most important risk factor for irrevers-
ible airflow obstruction, non-smokers can also develop
COPD [40]. Figure 1 is the flow chart of identifying study
population and grouping.

All-cause mortality as the outcome

This study defined the outcome as all-cause mortal-
ity, i.e., death due to any cause, using the data extracted
from NHANES linked Public-Use Linked Mortality Files
through December 31, 2019. Participants with mortality
status 0 (MORTSTAT =0) were considered to be alive
through the end of 2019. The follow-up period started
at baseline defined as the date of NHANES participation
and ended on the date of death or December 31, 2019 if
the participant was still alive.


https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/data-linkage/mortality.htm
https://www.cdc.gov/nchs/data-linkage/mortality.htm
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Original dataset of NHANES 2005-2018
(n=70,190):

10,348 from 2005-2006, 10,149 from 2007-2008;
10,537 from 2009-2010,9756 from 2011-2012;
10,175 from 2013-2014;9971 from 2015-2016;
9254 from 2017-2018
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Exclusion due to missing data:

* PHQ-9 data (n=33,800)

* Pulmonary disease diagnosis (n=2095)
* All-cause mortality (n=64)

34,231 participants were selected

Exclusion due to age:
* Under the age of 40 (n=11,486)

1
| ACO, n =705

22,745 were included in analysis

2660 from 2005-2006,3512 from 2007-2008;

1
i | COPD-only, n =853
1

3549 from 2009-2010;3041 from 2011-2012;

_g | Asthma-only, n = 2352

Non-ACO, n =22,040

3353 from 2013-2014,;3277 from 2015-2016;

3353 on 2017-2018

1
| Non-asthma/COPD, n= 18,835

Fig. 1 The flow chart of identifying study population and grouping

Depressive symptoms

Rather than a diagnostic tool, the Patient Health Ques-
tionnaire-9 (PHQ-9), a nine-item instrument that uti-
lizes a 0—3-point Likert scale containing 9 items totaling
27 points, is widely recognized as a brief, reliable and
valid screening or assessment tool for depression [41,
42]. Since 2005, the NHANES program has utilized the
PHQ-9 to evaluate participants’ depressive symptoms,
and the majority of depression-related studies using the
NHANES database have employed the PHQ-9 as the
measurement for depression, with a PHQ-9 score of > 10
indicating major depression [43, 44]. In this study, the
assessment of participants’ depressive status was con-
ducted using PHQ-9 scores, and a score of 10 was set as
the cut-off point indicating the presence of depressive
disorders or clinically relevant depression (CRD) [42, 45,
46].

Covariates
Variables with available data from the NHANES 2005-
2018 (missing data < 60%), representing the baseline char-
acteristics of the participants, and identified as potential
confounding factors that could exert an influence on the
outcome based on previous studies, were considered in
this study and grouped into three categories as follows:

1) demographic characteristics, including age (years),
gender (male, female), race (non-Hispanic White,
non-Hispanic Black, Mexican American, other races),

marital status (married or living with partner, wid-
owed/divorced/separated, never married), education
(less than high school, high school or equivalent, col-
lege and above), and family income to poverty ratio
(PIR) (a proxy measure for socio-economic status, cal-
culated by dividing household or individual income
by a poverty threshold specific to the survey year and
state) [47-52]; 2) other medical conditions, includ-
ing body mass index (BMI), hypertension (no/yes)
(defined by systolic blood pressure >140 mmHg, dias-
tolic blood pressure>90 mmHg, taking blood pres-
sure medication, or participants self-reporting having
hypertension), diabetes mellitus (DM) (no/yes) (defined
by participants’ self-report of having diabetes mellitus
or having a previous diagnosis of diabetes mellitus),
hyperlipidemia (no/yes) (defined by participants’ self-
report of using cholesterol-lowering medications, tri-
glycerides > 150 mg/dL, total cholesterol >200 mg/dL,
low-density lipoprotein >130 mg/dL, or HDL <40 mg/
dL in males and <50 mg/dL in females), cancer (no/
yes) (defined by participants’ self-report of being told
by a doctor or another health professional that they had
cancer or a malignancy of any kind), and cardiovascu-
lar disease (CVD) (no/yes) (defined if the respondents
reported being told by a doctor or another health pro-
fessional that they had a diagnosis of congestive heart
failure, coronary heart disease, angina, heart attack, or
stroke) [53-55]; 3) health-related lifestyle, including
alcohol intake>12 drinks per year (no/yes) (defined
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by participants’ self-report of having at least 12 drinks
of any type of alcoholic beverage in one year), healthy
eating index (HEI) (0-100, a higher score indicating
better adherence to the 2010-2015 Dietary Guidelines
for Americans) [56-58], and serum cotinine level (ng/
ml), a biomarker of the exposure to tobacco smoke
and reflecting smoking status (both active and pas-
sive), with a higher level indicating greater exposure to
tobacco smoke [38, 59, 60].

Statistical analyses

Our analysis incorporated the complex sampling design
and considered the sampling weight -wtmec2yr/7 to
enhance representativeness and accuracy in estimation.
The normality of the distribution of continuous variables
in the dataset was assessed by Kolmogorov—Smirnov test,
and tests showed that all continuous variables included in
this study satisfied or almost satisfied with the assump-
tion of normality. Descriptive statistics included mean
and standard deviation for continuous data, and frequen-
cies and proportions for categorical data. Student t-tests
were used to estimate if there were significant differences
between the ACO participants and the ones from other
groups (asthma-only, COPD-only, non-Asthma/COPD,
or non-ACO) in terms of characteristics measured by
continuous variables, and the Chi-square (x2) tests used
for characteristics measured by categorical variables.

Weighted univariable and multivariable Cox propor-
tional hazards models were employed to perform sur-
vival analyses, examining the relationship between ACO
(exposure) and all-cause mortality (event). The hazard
ratio (HR) with 95% confidence intervals (CIs) was esti-
mated. The follow-up period commenced at the time of
the individual’s participation in the NHANES program
and concluded on the date of death or December 31,
2019. Before conducting the survival analyses, we evalu-
ated the proportional hazards assumption using the Sch-
oenfeld individual test, with a significance level of p <0.05
indicating a violation, and observed that the assumption
was met (see Additional file 1). In the modelling process,
we intentionally introduced the groups of covariates step
by step, gradually controlling for potential confounders
representing demographic characteristics, other medi-
cal conditions, and health-related lifestyle, to observe
the specific effects of different confounding factors on
the outcome and the changes in the model’s explanatory
power.

In detecting the potential mediating role of depres-
sive symptoms in the association between ACO and
all-cause mortality, we applied the strategy of distribu-
tion—of—the—product. The assessment of the mediating
role of depressive symptoms between ACO (non-ACO,
i.e,, the combination of asthma-only, COPD-only, and
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non-asthma/COPD as the reference) and all-cause death
involved the following steps: 1) examining the total effect
of ACO on all-cause mortality after controlling for all
covariates, 2) analyzing the direct effect of ACO on all-
cause mortality after controlling for all covariates and
depressive symptoms, 3) evaluating the indirect effect of
ACO on all-cause mortality through depressive symp-
toms after controlling for all covariates, and 4) determin-
ing the proportion mediated by depressive symptoms in
the link between ACO and all-cause mortality (i.e., indi-
rect effect/total effect). In order to capture more nuanced
variations in the relationship between the variables and
to establish a more precise understanding of the underly-
ing mechanisms and the strength of the mediation effect,
we treated the hypothesized mediator, depressive symp-
toms, as a continuous variable in the present mediation
analysis.

Statistical analyses were conducted using R version
4.3.0 (https://www.r-project.org/) and, when applicable,
SPSS 26. The mediation analysis was performed using the
available R package named “mediation” [61]. Two sided
p-value <0.05 was considered statistically significant.

Ethical approval

The NCHS ethical review board approved all NHANES
protocols, and written informed consent was obtained
from all participants.

Data sharing
The data from NHANES and NDI are publicly available.

Results

Characteristics of study population

The selected characteristics of our participants are
showed in Table 1. Among the total of 22,745 individu-
als aged >40 years old, there are 705 participants with
ACO, 2352 with asthma-only, 853 with COPD-only, and
18,835 without asthma or COPD. The prevalence of ACO
was 3.10% in our study population, 23.08% among the
participants having asthma (the ACO group / [the ACO
group+the asthma-only group]), and 45.25% having
COPD (the ACO group / [the ACO group +the COPD-
only group]).

Compared to those from the non-ACO group (combi-
nation of the asthma-only, COPD-only, and non-asthma/
COPD groups), participants from the ACO group were
more likely to be older, had a higher rate of reporting
races of non-Hispanic white and other races, had a higher
rate of having unsatisfied marriage outcomes (widowed/
divorced/separated), had a lower PIR, had a higher BMI,
had higher rates of suffering other diseases, including
hypertension, DM, hyperlipidemia, CVD, and cancer,
had a lower HEI, had a higher level of serum cotinine,
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consumed less alcohol, and were more likely to suffer
depressive disorders (p <0.05 for all comparisons). Com-
pared to those with asthma-only, COPD-only or non-
asthma/COPD respectively, participants with ACO had a
higher rate of reporting races rather than non-Hispanic
White, non-Hispanic Black, or Mexican American, a
lower PIR, higher rates of suffering from hypertension,
DM, and CVD, a lower HEI, and a higher rate of suffering
from depressive disorders (p <0.05 for all comparisons).

In addition, in comparison to the non-asthma/COPD
group, besides the differences in the characteristics men-
tioned above, the ACO group exhibited significantly
higher age, a higher proportion of females, a higher per-
centage of unmarried participants, an elevated BMI, a
lower prevalence of hyperlipidemia, but a lower propor-
tion of consuming alcohol at a rate of > 12 drinks per year
(p<0.05 for all comparisons). Compared to the asthma-
only group, the ACO group had more participants with
widowed/divorced/separated, a lower level of education,
a higher rate of cancer, and a lower BMI (p<0.05 for all
comparisons). Compared to the COPD-only group, the
ACO group had more female and more participants with
an education level of below high school and college or
above, but experienced a lower level of serum cotinine
(p<0.05 for all comparisons).

Association between ACO and all-cause mortality

Table 1 shows the survival status of different groups.
During an average of 86.63-month follow-up (from
the time point of the individual’s participantion to the
NHANES program to the date of death or December
31, 2019), 3462 all-cause deaths occurred, account-
ing for 11.35% of the total study population, including
227 (27.10%) from the ACO group, 258(7.64%) from the
asthma-only group, 283(25.45%) from the COPD-only
group, and 2694(10.61%) from the non-asthma/COPD
group. According to Table 1, compared to those from the
non-ACO group, participants from the ACO group had
a higher rate of all-cause death (p<0.001). More specifi-
cally, compared to the asthma-only group and the non-
asthma/COPD group respectively, the ACO group had
significantly higher rates of all-cause mortality (p-value
of ACO vs asthma-only<0.001, p-value of ACO vs non-
asthma/COPD <0.001). Meanwhile, the ACO group
has a significantly shorter period of follow-up (p-value
of ACO vs asthma-only=0.002, p-value of ACO vs
COPD-only<0.001, and p-value of ACO vs non-asthma/
COPD=0.003).

Table 2 shows the results of weighted Cox regressions
for investigating the association between ACO and all-
cause mortality, using non-ACO as reference. After
adjusting for all potential confounders that represented
demographic characteristics, health-related lifestyle and
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other medical conditions, and controlling for depressive
disorders (Model 4 in Table 2), we found that referencing
to participants without ACO, participants with ACO had
a higher risk of all-cause mortality (HR=1.856, 95%CI
1.535-2.245, p<0.001). The R-squared, representing the
proportion of the variance in the dependent variable that
can be explained by the independent variables in the
model, was 20.5% in Model 4. From the crude model to
Model 4, by introducing the groups of covariables (demo-
graphic characteristics, health-related lifestyle and other
medical conditions) gradually, R-square increased sig-
nificantly, as all the values of F change were statistically
significant. This suggested that the additional variables
had a significant impact on the dependent variable, i.e.,
all-cause mortality, and the model’s explanatory power
increased significantly as the focused controlled variables
were added. In addition, across the models, the p-values
for the trend analyses (p for trend) were all less than
0.001.

Table 3 shows the results of weighted cox regressions
for investigating the association between ACO and all-
cause mortality, with lung disease groups (ACO as the
reference, asthma-only, COPD-only, and non-asthma/
COPD) as the independent variable and all-cause mor-
tality as the dependent variable. After adjusting for all
potential confounders that represented demographic
characteristics, health-related lifestyle and other medi-
cal conditions, and controlling for depressive disorders
(Model 4 in Table 3), we found that referencing to par-
ticipants with ACO, participants with other three condi-
tions: asthma-only, COPD-only and non-asthma/COPD
had lower mortality rates, with HRs=0.411 (p<0.001,
95%CI 0.311-0.543), 0.713 (p=0.006, 95%CI 0.559—
0.910) and 0.530 (p<0.001, 95%CI 0.438-0.641) respec-
tively. The R-squared of Model 4 was over 20%. Similar
to Table 2, in Table 3, from the crude model to Model 4,
by gradually adding the groups of controlled variables,
R-square increased significantly, as all the values of F
change were statistically significant. In addition, across
the models, the p-values for the trend analyses (p for
trend) were all less than 0.001.

Mediating effect of depressive symptoms between ACO
and all-cause mortality

As mentioned earlier, according to Table 1, participants
in the ACO group were more likely to experience depres-
sive disorders compared to those in the other groups.
Tables 2 and 3 shows that after controlling for all covari-
ates, ACO was significantly associated with all-cause
mortality, and the presence of depressive disorders was
found to increase all-cause mortality (p<0.01). Table 4
presents the mediating effect of depressive symptoms in
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Table 4 Mediating effect of depressive symptoms on the association between ACO and all-cause mortality
Independent Mediator Total effect Indirect effect Direct effect Proportion
variable mediated, %

Coefficient (95% Cl) Pvalue Coefficient Pvalue Coefficient (95% Pvalue (950, C|)

(95% Cl) a)

Asthma-chronic ~ depressive 334.455(244411,431.320) <0.001 27.66 <0.001 306.794 <0.001 8.13(4.22,14.00)
obstructive pul-  symptoms (14.343,44.010) (213.796,402.600)

monary disease
overlap (ACO)

The mediation analyses were adjusted for age, gender, race, education, marital, family poverty income ratio (PIR), diabetes mellitus (DM), hypertension,
hyperlipidemia, cardiovascular disease (CVD), cancer, body mass index (BMI), healthy eating index (HEI), alcohol drinks > 12 per year, and serum cotinine. The potential
mediating effect of depressive symptoms on the association between ACO (non-ACO as reference) and all-cause mortality were estimated by using R package
“mediation”. “survreg” method with 1000 simulations and 500 sims was applied. The total effect (TE) represented the influence of ACO on all-cause mortality without
the hypothesized mediator, depressive symptoms. The direct effect (DE) represented the influence of ACO on all-cause mortality after controlling for the hypothesized
mediator, depressive symptoms. The indirect effect (IE) represented the influence of ACO on all-cause mortality through the hypothesized mediator, depressive

symptoms. The proportion of mediation was calculated by IE/TE

Legends: Table 4 presents the mediating effect of depressive symptoms in the association between ACO (non-ACO as the reference) and all-cause mortality, showing
that after controlling for all covariates, the total effect, direct effect, and indirect effect of ACO on all-cause mortality were all significant (p <0.001)

the association between ACO (non-ACO as the refer-
ence) and all-cause mortality, showing that after control-
ling for all covariates, the total effect, direct effect, and
indirect effect of ACO on all-cause mortality were all sig-
nificant (p <0.001). The proportions mediated by depres-
sive symptoms for ACO -associated all-cause mortality
were 8.13% (CI: 4.22-14.00, p <0.001).

Discussion
This study enhances current understandings of ACO by
investigating its prevalence and epidemiological charac-
teristics among a large population from the NHANES
2005-2018. The prevalence of ACO revealed by this
study, 3.10%, was consistent with what was suggested
in a review recently made by Alsayed et al. (2023) [2]. It
reported that the prevalence of ACO in the general popu-
lation ranged from 2 to 3 percent. Our finding was higher
than what was observed by some previous studies based
on NHANES, e.g., around 1% in Mendy et al. (2018) [26]
with NHANES 2007-2012, 1.47% in Llanos et al. (2018)
with NHANES 2009-2012 [1] with NHANES 2009-
2012, and 2.88% in Wang et al. (2023) [4] with NHANES
1999-2018, which was probably due to the fact that our
study included the data from the NHANES 2005-2018
that encompassed more recent years. This may suggest
that the prevalence of ACO has increased in recent years.
Our observation, the prevalence of ACO in the asthma
patients was 23.08%, fell within the range of 10%- 31%
suggested in Alsayed et al. (2023)’ review [2]. Our finding
of the prevalence of ACO among COPD patients, which
was 45.25%, aligned with the range of 4.2% to 66.0% in
Leung and Sin (2022)’s suggestion [8]. Our study sup-
ported the current knowledge that ACO is not uncom-
mon, especially among people with asthma or COPD.
Our study revealed some epidemiological characteris-
tics of people with ACO. Our findings resonated Wang

et al. (2023)’s [4] and Llanos et al. (2018)’s [1] discoveries
with the NHANES database, showing that the mean age
of participants with ACO was lower than that of those
with COPD-only but higher than that of individuals with
asthma-only. While in this study the ACO group had a
more similar demographic pattern with the COPD-only
group than the asthma-only group and the non-asthma/
COPD group, the ACO group was significantly differ-
ent from the COPD-only group in terms of gender, race
and BM], as the ACO group had more individuals from
non-White population, more female, and more with a
higher BMI, like what was suggested in Alsayed et al.
(2023)’s [2] review. Similar to Wang et al. (2023) [4], this
study noticed that individuals with ACO could be more
likely to not only have a lower economic status but also a
higher risk of suffering other diseases, like hypertension,
DM, and CVD, compared to individual with asthma-
only, COPD-only, or non-asthma/COPD. Thus, address-
ing comorbidity should be prioritized in managing ACO
patients.

Furthermore, our study made an additional observa-
tion that individuals with ACO exhibited a higher likeli-
hood of adopting an unhealthy dietary pattern reflected
by a lower HEI. These results highlight the importance of
providing dietary instructions to ACO patients and mon-
itoring their dietary patterns. It is also noteworthy that
our study revealed relatively lower alcohol consumption
among individuals with ACO, which aligns with the find-
ings reported by Wang et al. (2023) [4]. This observation
suggests that individuals in the ACO group may be more
inclined to prioritize their health and exercise control
over their alcohol intake.

Aligning with the most population-based studies [4,
8, 62—67] that used different ACO definitions or identi-
fication criteria, our study suggests that individuals with
ACO have a higher risk of all-cause mortality, compared
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to individuals from the groups of asthma-only, COPD-
only, non-asthma/COPD, or non-ACO. However, our
findings were notably different from conclusions given
by many observational studies that comparing to patients
suffering from other lung diseases, patients with ACO
had similar or lower all-cause mortality risks [3, 68].
These contradictory conclusions have been noticed by
Mekov et al. (2021) and Uchida et al. (2018) [3, 68], who
suggested that these conflicting observations could be
partially contributed to the better management delivered
to the targeted ACO patients in observational studies.
Our results, combined with the previous conclusions,
imply that ACO may be associated with increased mor-
tality risks and the implementation of appropriate man-
agement strategies should be important to mitigate the
risks. Furthermore, it would be important to conduct
more rigorously controlled research that accounts for
various definitions and management approaches of ACO
to obtain more reliable and confident insights into the
ACO-associated all-cause mortality. In addition, it would
be valuable to conduct comparative studies between dif-
ferent management approaches for ACO patients. This
would further the understanding of how various treat-
ment strategies influence health outcomes and help iden-
tify the most effective approaches to managing ACO.
While the relationship between mental health and
other lung diseases (e.g., asthma and COPD) has been
extensively explored [69], the incidence of depressive dis-
orders among patients with ACO was little known [70].
Paying attention to the mental health of ACO patients,
this study found that there was a higher proportion of
people suffering from depressive disorders in the ACO
group than in the asthma-only group, COPD-only group,
non-asthma/COPD group, and non-ACO group. Using
non-ACO participants as reference, these results revealed
that ACO patients might have a higher risk of experienc-
ing depressive disorders, which were consistent with the
insights given by previous studies, e.g.,, Hometowska
et al. (2022) [71] and Kang et al. (2019) [70], Chabowski
et al. (2016) [72], and Lee et al. (2021) [15]. Although the
present findings did not provide definitive evidence of the
causal relationship between ACO and depressive states
or conclusive reasons for the elevated risks of depres-
sion in ACO patients, several factors may contribute to
this association. For instance, the increased severity of
airflow obstruction, indicated by a lower FEV1/FVC ratio
[73, 74], or the presence of more pronounced airway con-
striction and alveolar damage in ACO patients can pro-
gressively lead to respiratory failures, which in turn can
result in cerebral hypoxia, carbon dioxide retention, and
acidosis, causing damage to brain blood vessels and brain
cells, and can impact the central nervous system, poten-
tially amplifying negative emotions [75, 76]. The presence
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of an elevated risk of depressive disorders in the ACO
group emphasizes the need for healthcare providers to
pay attention to the mental well-being of ACO patients.

Our suggestion to address depressive symptoms in
individuals with ACO is further supported by the evi-
dence showing that depressive symptoms played a
mediating role in the association between ACO and all-
cause mortality and the mediating effect was significant,
accounting for 8.47% of the total effect of ACO on all-
cause death. According to the existed evidence presented
above, ACO events may increase depressive symptoms,
and people suffering from depression may have unhealth-
ier lifestyles and self-harm behaviours that have consist-
ently been shown to be causal risk factors of premature
death [19]. Thus, giving careful attention to and effec-
tively managing depressive symptoms may be beneficial
to reduce all-cause mortality for those with ACO. By
recognizing the increased risk of depressive disorders
in ACO patients and the strong mediating role played
by depressive symptoms in the development of ACO to
death, healthcare professionals should deliver appro-
priate strategies to support their ACO patients. Neces-
sary measures may include screening for and addressing
depressive disorders, providing patient with the access to
mental health resources, and integrating mental health
care into the overall management of ACO. Additional
research is necessary to determine whether the preven-
tion and treatment of depressive symptoms can poten-
tially enhance overall survival in individuals with ACO.
Although there is little empirical evidence regarding the
impact of addressing depressive symptoms on survival
rates in ACO patients, managing depressive symptoms is
still valuable for other reasons, such as potentially allevi-
ating symptoms and improving the quality of life [77].

One noteworthy observation that requires special
attention is the association between hyperlipidemia and
the risk of all-cause mortality in our study population.
Interestingly, our findings align with previous studies
such as Yeramaneni et al. (2017) [78], which also reported
a lower risk of all-cause mortality in individuals with
hyperlipidemia. However, it is important to note that our
results conflict with the conclusions drawn by other stud-
ies like Feng et al. (2022) [79]. Given the conflicting find-
ings, it is crucial to conduct further studies to generate
more robust evidence regarding the relationship between
hyperlipidemia and all-cause mortality.

Strengths and limitations

With a large population from the NHANES 2005-2018, our
research advanced the current epidemiological understand-
ings of ACO, particularly in relation to its psychological
characteristics. To increase the robustness of our find-
ings, we carefully considered and controlled for potential
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confounding factors, such as demographic factors, clinical
factors and lifestyle factors, which were adjusted for in our
regression analyses. One of the key strengths of our research
is that it was the first study to investigate the underlying
mechanisms linking ACO to mortality outcomes. Specifi-
cally, we explored the mediating role of depressive symp-
toms in the relationship between ACO and all-cause
mortality. By examining the psychological pathway through
which ACO may increase mortality, our study could help to
fill the gap in the literature regarding the psychological char-
acteristics of ACO and the role of mental health in ACO
development. Moreover, aligning our approaches to iden-
tifying diseases and clinical conditions with that of other
studies enhances the comparability of our findings with
other relevant studies based on the NHANES dataset. Over-
all, this study could contribute to the existing knowledge
that may inform clinical practice and interventions aimed at
improving the health outcomes of ACO patients.

However, it is important to acknowledge the limita-
tions of our study. Firstly, our study population was lim-
ited to individuals aged 40 and above, which may restrict
the generalizability of our findings to younger age groups.
Further research is needed to investigate the incidence
trends in different age groups. Secondly, the scope of our
study and the data availability may have constrained the
selection and categorization of covariates, which might
lead to the omission of certain important comorbidities
that should be considered. More potential confound-
ers should be included and addressed in future studies.
Additionally, while our study investigated the mediating
role of depressive symptoms in the association between
ACO and all-cause mortality, it is important to acknowl-
edge that there may be other mechanisms at play. Further
research is needed to explore these additional mecha-
nisms in order to gain a deeper understanding of the
complex relationship between ACO and the mortality
outcome. Another point that requires attention is the use
of the PHQ-9, a commonly used tool for assessing depres-
sive symptoms, rather than a diagnostic tool. It is impor-
tant to note that the PHQ-9 scores have been found to be
significantly associated with COPD and other comorbidi-
ties [69]. Given the present analyses, we cannot guaran-
tee the complete removal of the effect of COPD and other
comorbidities on PHQ-9 scores when assessing the asso-
ciation between ACO and depressive symptoms. There-
fore, caution is advised when interpreting the mediating
effect of depressive symptoms in the association between
ACO and mortality as observed in this study.

It is also important to note that certain limitations
within the NHANES database may introduce potential
biases into this study. Primarily, considering the con-
straints of the data availability and the reliance on self-
reported data within the NHANES, coupled with the
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absence of precise diagnostic information, it is essential to
recognize the potential of making biases in the identifica-
tion of those diseases or medical conditions considered in
this study. Further, the NHANES database lacks the exact
index date, which signifies the specific time when a diag-
nosis, examination or measurement is made. In our study,
the absence of the information about the timing of diag-
nosis for lung diseases such as asthma and COPD hinders
our ability to ascertain the lead time of these conditions
at the point of an individual’s recruitment into the survey.
This limitation could potentially introduce biases when
comparing the characteristics of different diseases, such as
ACO versus asthma-only or COPD-only. In addition, the
depressive symptoms of our participants were assessed at
the time of their entry into the survey, and we are unable
to establish the temporal sequence between depression
and ACO or other lung diseases. As a result, this study
can only exploratively investigate the association between
lung health issues and depressive symptoms and statisti-
cally assess the potential role of depression in this associa-
tion. Moreover, there was a lack of information of whether
our participants had received any psychological supports
or not. Thus, prospective longitudinal studies that track
patients over time and control for any interventions are
needed to establish the temporal sequence between lung
diseases and depression more accurately and provide
more robust evidence. Furthermore, this study used the
time of survey participation as the baseline for construct-
ing follow-up periods in time-to-event analyses, which
may introduce certain biases to the results. All these limi-
tations emphasize the need for caution in interpreting the
results of the study and call for more rigorous longitudinal
studies with follow-up data available between measure-
ments, the incidence of diseases, and mortality.

Conclusions

Using the NHANES 2005-2018, this cohort study indi-
cates that ACO is not uncommon, especially among
patients with asthma or COPD, and that individuals with
ACO tend to have a lower socio-economic status, poorer
health conditions, unhealthier dietary pattern, and
decreased mental health status. In addition, this study
sheds light on the enhanced risks of all-cause mortality
among ACO patients and uncovers a potential psycho-
logical mechanism underlying the relationship between
ACO and all-cause mortality. This study has important
implications for clinical practice and public health man-
agement to improve the outcomes and quality of life for
individuals living with ACO, suggesting the potential
necessity of providing early detection, healthy lifestyle
instruction, comprehensive comorbidity management,
and mental health care to ACO patients, especially those
living with disadvantaged conditions.
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