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Methods Data of negative emotions, bronchitis, emphysema, and C-reactive protein (CRP)
levels were downloaded from genome-wide association study (GWAS) public database for a
two-sample MR analysis. Independent single-nucleotide polymorphisms (SNPs) associated
with negative emotions, bronchitis, and emphysema were selected as instrumental variables.
Primary causal estimates were derived using inverse-variance weighting (IVW), supplement-
ed by weighted median (WM), and simple mode (SM) methods. Sensitivity analyses included
MR-Egger regression and MR-PRESSO to assess pleiotropy, Cochran’s Q test for heterogene-
ity, and multivariate MR to adjust for smoking. Mediation analysis evaluated the role of in-
flammatory markers. Reverse MR was tested for bidirectional causality. Weak instrument bias
was mitigated via F-statistic thresholds (> 10). All analyses were conducted in RStudio.
Results MR analysis identified significant causal effects of several negative emotions on
COPD. Genetically, the IVW analysis of seen doctors for nerves anxiety tension or depression
[ORyw = 1.006, 95% CI = (1.002, 1.010), P = 0.002], sensitivity/hurt feelings [ORpw = 1.024,
95% CI = (1.004, 1.044), P = 0.017], and irritability [ORp = 1.019, 95% CI = (1.003, 1.035), P =
0.019 were robustly associated with increased risks of COPD. No heterogeneity was detected
among the different instrumental variables (IVs) for depression (P = 0.655) and irritability (P =
0.163). MR-Egger regression intercepts for all emotional exposures were close to zero and sta-
tistically non-significant, indicating no evidence of directional pleiotropy. The horizontal
pleiotropy results showed that except for worry (MR-PRESSO P = 0.006), other emotion expo-
sures confirming no substantial pleiotropic bias. Multivariable MR demonstrated that anxiety
remained independently associated with COPD after adjusting for smoking (P = 0.002), while
associations with other negative emotions were attenuated post-adjustment. The mediation
analysis revealed that CRP mediated 3.93% of the total effect of anxiety on COPD. However,
reverse MR analysis found no evidence of reverse causality.

Conclusion This study confirmed the causal effects of negative emotions on COPD through
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MR analysis and revealed that negative emotions may trigger CRP production, which plays an
essential mediating role in this relationship. This study provides a reliable modern theoreti-

cal basis for emotion theory in TCM.

1 Introduction

Chronic obstructive pulmonary disease (COPD), which
encompasses chronic bronchitis and emphysema, repre-
sents a leading global cause of morbidity and mortality.
This condition is primarily driven by chronic airway in-
flammation and oxidative stress !’ While environmen-
tal factors like smoking and pollution are well-estab-
lished contributors, pro-inflammatory reactions, and ox-
idative stress in the lungs are known to cause alveolar
epithelial cell death, leading to emphysema develop-
ment [ °. Current COPD therapies focus on symptom
management and exacerbation prevention, with no avail-
able disease-modifying treatments .. Emerging evidence
suggests psychological stress and negative emotions may
serve as potential risk modifiers . A recent study re-
vealed novel mechanisms linking pulmonary and neuro-
logical systems .. Their mouse depression model
demonstrated that mesenchymal stem cells (MSCs) in-
duced the release of 5-hydroxytryptamine (5-HT) in the
dorsal raphe nucleus by activating vagus nerve sensory
neurons innervated by pulmonary nerves. In contrast,
brain-derived neurotrophic factor secreted by MSCs acti-
vate pulmonary sensory neurons via tropomyosin recep-
tor kinase B (TrkB), and inhaled TrkB agonists showed
significant therapeutic effects in male mice, revealing
their potential in treating major depression. This “pul-
monary vagus nerve-to-brain axis” offers a new perspec-
tive for understanding mind-body interactions. Interest-
ingly, this modern concept resonates well with the holis-
tic view of traditional Chinese medicine (TCM).

In TCM practice, COPD are classified under two cate-
gories: “asthma syndrome” and “cough”. The TCM
pathogenesis theory proposes that the onset of chronic
bronchitis is inseparable from external pathogens, partic-
ularly wind and dryness, and internal emotional factors
like the excess of the five minds, the combination of ex-
ternal and internal factors. This integrated pathogenic
model exemplifies TCM’s holistic philosophy, where
emotional imbalances [e.g., excessive “Qiqing (£ 1%, sev-
en emotions)” such as anxiety or sorrow], disrupt Qi flow
and organ function, potentially leading to COPD progres-
sion. Contemporary study corroborate that chronic stress
activates neuroendocrine pathways (e.g., the hypothala-
mic-pituitary-adrenal axis), fostering systemic inflamma-
tion and immune dysregulation mechanisms overlap-
ping with TCM’s emotion-induced pathogenesis concept.
However, observational data suffer from confounding
and reverse causality, leaving the causal role of emotions
in COPD unresolved .

While the Qingzhi Xueshuo (tf & % L, emotion-
induced pathogenesis theory) in TCM lacks robust bio-
logical evidence, its emphasis on the relationship be-
tween emotional management and health aligns with the
modern medical approach to improving chronic diseases
through psychological interventions, such as cognitive-
behavioral therapy. This conceptual convergence sug-
gests valuable opportunities for interdisciplinary re-
search that integrates TCM'’s “emotions and viscera” the-
ory with modern molecular biology and neuroscience ap-
proaches. Such integration could uncover deeper patho-
logical mechanisms while providing scientific substantia-
tion for TCM theories. However, there is currently a lack
of large-scale randomized controlled trials (RCTs) con-
firming the important role of negative emotions in the
pathogenesis and progression of this disease, primarily
due to rigid inclusion and exclusion criteria, ethical con-
straints, limited generalizability of findings, and financial
considerations. Furthermore, the concept and classifica-
tion of “Qingzhi (1 & , emotional activities)” in TCM
present inherent complexities, compounded by the ab-
sence of unified quantitative standards, which compli-
cate direct correlations with modern scientific parame-
ters. To address these limitations, we employed Men-
delian randomization (MR), a novel epidemiological ap-
proach that resembles the RCT designs, to elucidate the
pathogenesis of emotional factors in TCM while estab-
lishing modern molecular biology basis and related pos-
sible mechanisms for classical theories.

This study aims to investigate the causal effects of
negative emotions on COPD using two-sample MR. We
hypothesize that genetically proxied emotional traits in-
crease COPD risk, mediated by inflammatory pathways.
By addressing methodological limitations of prior re-
search, this investigation establishes contemporary bio-
logical correlates for TCM’s emotion-viscera interaction
theory and informs preventive strategies targeting
psychological well-being.

2 Data and methods
2.1 Study design

MR employs instrumental variables (IVs) to establish the
causal relationships between samples ), and the IVs used
in MR analysis must satisfy three assumptions: (i) rele-
vance assumption: the single-nucleotide polymorphisms
(SNPs) are strongly correlated with negative emotions;
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(ii) exclusion assumption: the SNPs are not related to the
occurrence of bronchitis and emphysema; and (iii) inde-
pendence assumption: the SNPs are not associated with
known confounders. To address our first hypothesis, we
selected SNPs at a genome-wide significance threshold of
P <5 x 10° Y1 ensuring robust genetic associations with
negative emotions. Second, genetic variants associated
with bronchitis and emphysema were excluded. Last, the
independence assumption was supported by verifying
that the genetic variants were not associated with nega-
tive emotions or any other underlying factors associated
with bronchitis or emphysema. However, due to limited
SNPs retained after stringent exclusion and the inherent
challenge of objectively validating the exclusion and in-
dependence assumptions, we were unable to verify the
exclusivity assumption or the independence assumption;
rather, we mainly verified the causal effects of negative
emotions on bronchitis and emphysema through the rel-
evance assumption.

2.2 Data sources

The primary data for this study were derived from
genome-wide association studies (GWAS) hosted in the
UK Biobank (UKB, https://www.ukbiobank.ac.uk/), and
the large-scale biomedical database, IEU OpenGWAS
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(https://gwas.mrcieu.ac.uk/). Specifically, the UKB-A-68
dataset was selected to define the phenotypes of chronic
bronchitis and emphysema. Guided by the TCM theory of
emotion-induced pathogenesis, we selected negative
emotions as the core exposure variables. We operational-
ized emotional exposures according to established psy-
chological taxonomies distinguishing internalized and
externalized emotions. Internalized emotions refer to the
concentrated reflection of an individual’s internal psy-
chological state, mainly as suppressing one’s own emo-
tions or introspective experiences. Examples included in
this study are “miserableness” “anxiety” and “irritability”.
Externalized emotions are characterized by excessive be-
havioral reactions to external environmental stimuli, with
irritability being a typical representative. Based on this
taxonomy, this study screened three types of emotion ex-
posure variable phenotypes (including internalized and
externalized emotions), namely, miserable which fall in-
to the categories of miserableness, seen doctors for
nerves anxiety tension or depression, sensitivity/hurt
feelings and excessive worrying after embarrassment
which fall into the categories of anxiety, and irritability
which falls into the categories of irritability, from the
GWAS database to systematically explore their causal re-
lationship with COPD (Table 1).

Table 1 Classification of emotions and corresponding GWAS sources

Specific emotion Category of emotions GWAS name GWAS ID
. . . Miserable ebi-a-GCST90013874
Miserableness Internalized emotions . . . .
Seen doctors for nerves anxiety tension or depression ebi-a-GCST90013959
. . . Sensitivity/hurt feelings ukb-a-48
Anxiety Internalized emotions
Worry too long after embarrassment ukb-b-13653
Irritability Externalized emotions Irritability ukb-b-13745

2.3 Selection of IVs

This study identified SNPs related to negative emotions
as IVs from GWAS data. We performed a series of steps to
select appropriate working variables to ensure they satis-
fied the first two basic assumptions. First, we extracted
SNPs associated with negative emotions at a genome-
wide significance level (P < 5 x 107®). Second, to ensure
the independence of genetic variables, we removed SNPs
exhibiting linkage disequilibrium. If there is linkage dise-
quilibrium, the assignment of two SNPs will appear
linked, affecting the relative independence. Such a viola-
tion of MR’s random assignment principle affects the
research results. Therefore, in two-sample Mendelian
randomization (TSMR), we eliminated SNPs that met the
linkage disequilibrium criteria (r*> 0.001 within a 10 000 kb
distance) """ Third, we queried the SNPs corresponding
to their use in the database of chronic bronchitis and em-
physema. For SNPs unavailable in the outcome, we iden-
tified proxy SNPs in high linkage disequilibrium (LD)

with the original SNPs, using a threshold of LD r* >
0.8 1%l At the same time, we directly deleted the effect
alleles and palindromic SNPs in the MR analysis.

After we initially screened out SNPs through the
above steps, we tested the strength of these SNPs as IVs
by calculating the total F value of the IVs. The F statistic
should be greater than 10 to ensure a strong correlation
between IVs and exposure and to ensure that it is not a
weak IV 1],

The minor allele frequency (MAF), the effect size of
SNP on exposure (f), standard deviation (SD), and the
corresponding values can be found in the GWAS data. To
conduct the MR statistical analysis, we used the Two-
Sample MR (0.5.6) and MR-PRESSO (1.0) packages in
RStudio v4.2.1 for our main data analysis ("),

2.4 MR analysis

This study used a variety of statistical methods, including
inverse-variance weighting (IVW), weighted median
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(WM), simple mode, heterogeneity test (Cochran’s Q
test), pleiotropy test (MR-Egger and MR-PRESSO), multi-
variate Mendelian randomization (MVMR), and media-
tion analysis. Such a comprehensive analytical approach
aimed to systematically evaluate the causal relationship
between negative emotions and respiratory diseases and
explore the mediating role of chronic inflammatory
markers. Sensitivity analysis was used to verify the ro-
bustness of the instrumental variable assumptions and
results.

2.4.1 MR analysis of negative emotions and COPD The
IVW method served as the primary analytical approach in
this study, while supplementary methods provided cor-
roborative evidence. The IVW analysis was predicated on
the assumption that instruments influenced the outcome
exclusively through the exposure of interest and not by
any alternative pathway. GWAS summary statistics could
validly estimate the presence and strength of causal ef-
fects between exposures and outcomes ['® ' In this
study, we also transformed the results obtained from the
IVW analysis. We took the natural logarithm of IVW to ob-
tain the OR value to quantify exposure-outcome causal
effects.

WM and simple mode methods were applied as sup-
plementary approaches. The WM method assigned
weights to SNPs based on descending Wald ratio values,
enabling robust causal estimation if at least 50% of the IVs
were valid ['". The simple mode approach compared
genotype/phenotype distributions between experimen-
tal and control groups to identify statistically significant
differences. This method facilitated the statistical deter-
mination of between-group differences in those variables.

2.4.2 Sensitivity analysis In MR experiments, the het-
erogeneity test is a statistical assessment of the compati-
bility of IV estimates based on a single genetic variable ['*),
Since the selected GWAS were drawn from multiple co-
horts, there may be heterogeneity among the IVs, which
would violate the assumptions. Therefore, we used the
MR-Egger and IVW models to estimate heterogeneity and
the Cochran’s Q test to detect heterogeneity.

MR-Egger method can detect bias in MR study results
and correct for the effects of pleiotropy, to some extent,
representing the intercept of the regression model '*. A
value approximating zero (f = 0) supported the absence
of directional pleiotropy in the regression model. In con-
trast, a statistically significant deviation from zero (8 # 0,
P < 0.05) suggested potential violations of the IV as-
sumptions due to pleiotropic effects. A P value greater
than 0.05 confirmed that pleiotropy did not excessively
influence the IV estimates, thereby validating their suit-
ability for causal inference.

MR-PRESSO method was applied via the following
three tests. (i) Global test: this test detects whether there
is horizontal pleiotropy by calculating the IVW result
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after each SNP is removed, calculating the sum of squares
of the residuals and the IVW result, and finally adding
them to obtain a value. A larger test statistic indicates
more substantial evidence of horizontal pleiotropic ef-
fects. (ii) Outlier test: this test corrects horizontal
pleiotropy by removing abnormal SNPs exhibiting signifi-
cant deviations from the fitted causal trajectory. (iii) Dis-
tortion test: this experiment removes abnormal SNPs and
compares them with the original result. A substantial dis-
crepancy suggests that pleiotropy meaningfully distorted
initial findings.

2.43 MVMR analysis Previous literature has estab-
lished smoking as a significant risk factor for chronic
bronchitis and emphysema . To exclude these risk fac-
tors from biasing our previous results, we included the
genetic variation of each risk factor and allergic disease in
the same model and evaluated them simultaneously. Us-
ing MVMR, separate but related exposures can be as-
sessed simultaneously by incorporating the genetic varia-
tion for each risk factor into the same model "*. To fur-
ther evaluate whether smoking has an impact on nega-
tive emotions, we separately conducted MVMR.

2.4.4 Mediation analysis To elucidate the pathological
mechanisms linking negative emotions to disease devel-
opment, we performed an MR mediation study. Using the
following criteria for mediator selection (7* = 0.001, kb =
10 000, P = 1 x 1075), we tested our hypothesis that nega-
tive emotions induce COPD through chronic inflammato-
ry responses. Specifically, we examined the mechanism
underlying the inducing of diseases via negative emo-
tions by mediating chronic inflammatory markers such as
interleukin (IL)-6 and IL-8.

3 Results

3.1 Causal associations between negative emotions and
COPD

Externalized emotions are characterized by excessive re-
actions to external stimuli, including irritability (Table 2).
For each emotional trait, the SNPs were selected based
on the threshold of P < 1 x 10-® and the linkage disequilib-
rium criteria, yielding varying numbers of SNPs. Our
analysis results were mainly based on the IVW method,
and the WM and simple mode methods were used for
auxiliary verification. The MR analysis showed that
among internalized emotions, seen doctors for nerves
anxiety tension or depression [ORpy = 1.006, 95% CI =
(1.002, 1.010), P = 0.002], sensitivity/hurt feelings [ORy =
1.024, 95% CI = (1.004, 1.044), P = 0.017], as well as exter-
nalized emotion irritability [ORyy = 1.019, 95% CI =
(1.003, 1.035), P = 0.019], were associated with COPD. The
MR analyses revealed significant associations between
multiple negative emotions and COPD risk (Figure 1).
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Table 2 MR estimates of the relationship of genetically predicted negative emotions on COPD

Category Emotion Specific emotion Method nSNP pvalue Pvalue OR (95% CI)
Weighted median 19 0.008 0.022 1.008 (1.001, 1.015)
Miserableness Miserableness Inverse variance weighted 19 0.006 0.050 1.006 (1.000, 1.012)
Simple mode 19 0.009 0.169  1.009 (0.997, 1.022)
Weighted median 23 0.005 0.078 1.005 (0.999, 1.011)

Seen doctors for
nerves anxiety tension Inverse variance weighted = 23 0.006 0.002  1.006 (1.002, 1.010)

Internalized or depression Simple mode 23 0013 0051  1.013(1.001,1.025)
emotion Weighted median 23 0.029 0.014 1.030 (1.006, 1.054)
Anxiety ?:33‘12‘8’“3’/ hurt Inverse variance weighted 23 0.024  0.017  1.024 (1.004, 1.044)
Simple mode 23 0.017 0.494 1.017 (0.970, 1.067)
Weighted median 38 —-0.006 0.592 0.994 (0.973, 1.016)
Worry toolongafter 1\ o oo varjance weighted 38 -0.005  0.601  0.995 (0.978, 1.013)
embarrassment
Simple mode 38 -0.014 0.575  0.986(0.941, 1.034)
Weighted median 43 0.022 0.042 1.022 (1.001, 1.043)
e;gzg::}llzed Irritability Irritability Inverse variance weighted 43 0.019 0.019 1.019 (1.003, 1.035)
Simple mode 43 0.040 0.121 1.041 (0.990, 1.094)
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Figure 1 Scatter plots of genetic correlations of negative emotions and COPD using different MR methods

A, scatter plot of the causal effect of miserable on COPD. B, scatter plot of the causal effect of seen doctors for nerves anxiety tension or
depression on COPD. C, scatter plot of the causal effect of sensitivity/hurt feelings on COPD. D, scatter plot of the causal effect of worry
too long after embarrassment on COPD. E, scatter plot of the causal effect of irritability on COPD. The abscissa represents the SNP's ef-
fect estimation of exposure, while the ordinate represents the SNP's effect estimation of the outcome. Each point in the plot represents
an independent genetic instrumental variable. As for the slope of the regression line, a positive slope indicates that increased exposure
may result in an increased risk of outcome or an increase in the level, and a negative slope indicates that increased exposure may re-
sult in a reduced risk of outcome or a decrease in the level.

However, worry too long after embarrassment within in- 3.2 Sensitivity test and pleiotropy test

ternalized emotions showed no causal relationship with )
The results of the Cochran’s Q test for heterogeneity re-

vealed that miserable (P = 0.006), sensitivity/hurt feelings
(P =0.041), and worry too long after embarrassment (P =
were all greater than 10, which indicates that there was 0.005) were heterogeneous. No heterogeneity was detect-
no bias from weak IVs and the study results are reliable. ed among the different IVs for depression (P = 0.655) and

chronic bronchitis and emphysema. We also calculated F
values to evaluate weak IVs. The F values in this study
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irritability (P = 0.163). MR-Egger regression intercepts for
all emotional exposures were close to zero, for example,
miserableness MR-Egger regression intercept = - 8.892 x
10~ sensitivity/hurt feelings MR-Egger regression inter-
cept = - 4.340 x 10, and statistically non-significant,
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indicating no evidence of directional pleiotropy. The hor-
izontal pleiotropy results showed that except for worry
(MR-PRESSO P = 0.006), for other exposures, MR-PRES-
SO global tests yielded P > 0.05, confirming no substan-
tial pleiotropic bias (Table 3 and Figure 2).

Table 3 MR-PRESSO results of the causal correlation between genetically predicted negative emotions on COPD

) ) Cochran’s Degree of O test P MR-PRESSO MR-Egger
Specific emotion Method . .. freedom for global test regression
Q statistic Pvalue value .
QO test Pvalue intercept

MR-Egger 36.204 17 0.004

Miserableness . . 0.854 0.568 -8.892 x 10
Inverse variance weighted 36.279 18 0.006
Seen doctors for nerves ~ MR-Egger 16.963 21 0.713

anxiety tension or . . 0.185 0.635 4.019x 10
depression Inverse variance weighted 18.838 22 0.655
MR-Egger 32.230 21 0.055

Sensitivity/hurt feelings . . 0.209 0.057 -4.340x 10
Inverse variance weighted 34.811 22 0.041
MR-Egger 62.526 36 0.004

Worry too long after sset _ 0.617 0.006 1.735 x 10
embarrassment Inverse variance weighted 62.969 37 0.005
o MR-Egger 50.769 41 0.141

Irritability . . 0.749 0.553 -9.926 x 10°°
Inverse variance weighted 50.897 42 0.163

0.000 0.005 0.010
MR effect size

0.000

All

0.005 0.010 0.00 0.01 0.02 0.03 0.04
MR effect size MR effect size

0.03 0.02 0.01 0.00 0.01 0.00
MR effect size

0.02 0.03
MR effect size

Figure 2 MR leave-one-out sensitivity analysis of the causal relationship between negative emotions and COPD

A, miserable and COPD. B, seen doctors for nerves anxiety tension or depression and COPD. C, sensitivity/hurt feelings and COPD.
D, worry too long after embarrassment and COPD. E, irritability and COPD. The red lines are the analysis results of random effects

IVW.
3.3 Reverse MR analysis

To examine the causal relationship between negative
emotions and COPD, we also conducted a reverse analy-
sis of the negative emotions found causally associated

with COPD in the forward MR analysis. However, due to
insufficient instrument availability at SNPs, we employed
an expanded threshold and set P to 1x 1075, Ultimately,
these analyses revealed no statistically significant reverse
causal effects.



202
3.4 Multivariate MR analysis

This study used a multivariate Mendelian randomization
model to analyze and found that the causal relationship
between anxiety and COPD was independent of smoking
and remained significantly associated after adjusting for
smoking (P = 0.002). The initial association between mis-
erable (P = 0.104), sensitivity/hurt feelings (P = 0.095),

Table 4 Multivariate MR analysis including current smoking
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irritability (P = 0.206) and COPD lost statistical signifi-
cance after incorporating smoking, suggesting that these
associations may be confounded by smoking behavior.
Although emotions such as miserable and irritability have
a positive correlation with COPD, the sample size was
limited to a significant level and requires larger-scale re-

search verification analysis (Table 4).

Exposure Confounder Outcome Pvalue OR (95% CI)
Miserableness 0.104  1.005(0.999, 1.011)
Seen doctors for nerves anxiety tension or depression . 0.002  1.008 (1.003, 1.013)
Current smoking COPD

Sensitivity/hurt feelings
Irritability

0.095 1.018(0.997, 1.040)
0.206  1.013(0.993, 1.033)

3.5 Mediation MR analysis

To further study how depressive mood promotes the oc-
currence of COPD, we performed mediation MR analysis,
and we included intermediary variables related to inflam-
mation, including IL-6, IL-8, IL-10, tumor necrosis factor
(TNF)-related activation-induced cytokines, procalci-
tonin, eosinophil cell count, and white blood cell count.
According to MR analysis, depression promoted the de-
velopment of COPD through an increase in CRP (P =
0.013). We used the IVW method to analyze the media-
tion of three causal effects (a, b, c'). The total effect was
c¢' =0.006 3, the mediating effect (ME) was a x b = 0.000 25,

and the direct effect (DE) was c'- (a x b) = 0.003 8 (Table
5). These results indicated that CRP mediated the above
causal associations. In summary, the mediation effect
value was 0.00024, and the mediation proportion was
0.039 32. The negative emotions (seen doctors for nerves,
anxiety tension, or depression) significantly increased
CRP levels (P = 0.000 57), and CRP was associated with an
increased risk of COPD (P = 0.000 34). The total effect of
depression on COPD was partially mediated by CRP, with
a mediation effect of 0.000 24, accounting for 3.93% of the
total effect. Other mediators (e.g., IL-6, IL-8, and TNF-a)
were excluded from the final analysis due to non-signifi-
cant associations.

Table 5 Three causal effects (a, b, ¢') of the mediation analysis in IVW method

Pathway nSNP Causal effect Pvalue
Nerves anxiety tension or depression - CRP 22 a=0.0780 0.00057
CRP - COPD 303 b=0.0032 0.00034
Nerves anxiety tension or depression - COPD 23 c=0.0063 0.00175

arepresents exposure to mediation variable causal effects, b represents mediation to outcome variable causal effects, and c represents

exposure to outcome variable causal effects
4 Discussion

4.1 The relationship between negative emotion and
COPD

The relationship between negative emotions, immune
function, and physical diseases is increasingly recog-
nized. Chronic negative emotions disrupt immune home-
ostasis by suppressing T-cell activity, impairing natural
killer cell function, and skewing the Th1/Th2 balance,
and altering the inflammatory microenvironment
in brain regions linked to emotional regulation [ 2" 22,
An increase in negative emotions is associated with ele-
vated expression of pro-inflammatory genes and type I
interferon (IFN) genes ', In COPD patients, the immune
perturbations manifest as heightened systemic inflam-
mation, evidenced by increased plasma levels of CRP, IL-6,

TNF-q, and fibrinogen | Notably, it has been found that
54.7% of patients with COPD exhibit symptoms of anxi-
ety, with a higher proportion of anxiety in severe COPD
patients suggesting a bidirectional relationship between
psychological distress and pulmonary pathology 4.

4.2 CREP as a critical mediator linking emotions to COPD

A key finding of this study is the identification of CRP as a
mediator between negative emotions (especially depres-
sion) and COPD. CRP is an acute-phase protein synthe-
sized by the liver, and elevated levels of CRP reflect sys-
temic inflammation, a known driver of COPD progres-
sion [ %], Negative emotions, such as depression and
anxiety, are known to activate the hypothalamic-pitu-
itary-adrenal (HPA) axis and the sympathetic nervous
system (SNS), leading to the release of pro-inflammatory
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cytokines, such as IL-6 and TNF-a " ??, These cytokines
stimulate the liver to produce CRP as an inflammatory
marker, which can directly participate in airway inflam-
matory responses. Chronic elevation of CRP can exacer-
bate oxidative stress by activating the NF-kB pathway,
disrupting the alveolar structure, and promoting the re-
lease of inflammatory mediators, ultimately driving the
pathological progression of chronic bronchitis and em-
physema . As a marker of inflammation, the mediating
effect of CRP explains how negative emotions can influ-
ence lung function through the neuroendocrine-im-
mune axis. By excluding smoking as a confounder
through multivariate models, this study confirms the ro-
bustness of adverse emotions as an independent risk fac-
tor, highlighting the potential value of psychological in-
terventions in the primary prevention of COPD. Based on
this study, it is hypothesized that negative emotions in-
duce the elevation of CRP and influence the occurrence
and development of COPD through a multi-dimensional
neuro-endocrine-immune network, expanding new av-
enues for future treatment.

4.3 Contribution to the TCM theory of emotional patho-
genesis

This study is the first to provide modern molecular bio-
logical evidence for the TCM theory of emotion-induced
pathogenesis from a genetic causal perspective using
Mendelian randomization. The multivariate MR analysis
not only clarifies the importance of anxiety as an inde-
pendent risk factor for COPD but also provides a theoreti-
cal basis for integrating psychological assessment and
smoking behavior intervention in clinical practice TCM
posits that excessive “seven emotions” disrupt the flow of
Qi (vital energy) and visceral harmony, leading to disease.
Yet, this concept has long lacked direct biological mecha-
nistic support. Our findings demonstrate that negative
emotions (e.g., anxiety and depression) drive the patho-
logical progression of COPD by activating inflammatory
responses (elevated CRP), which aligns closely with the
TCM theory of “internal injury by seven emotions”. CRP,
as a biomarker of systemic inflammation, can be inter-
preted as a modern biological manifestation of pathologi-
cal products induced by “emotional disturbances” in
TCM. Its mediating role elucidates the specific mecha-
nisms within the “emotion-Qi-viscera” chain. Further-
more, the study confirms that the impact of emotions on
disease is independent of traditional risk factors such as
smoking, emphasizing the independent role of psycho-
logical factors in COPD pathogenesis. This aligns with the
TCM concept of “internal injury by emotional factors”
and provides a scientific interpretation of TCM’s holistic
relationship between emotions and internal organs, high-
lighting the importance of emotional regulation in dis-
ease prevention and treatment. Mendelian randomiza-
tion, by leveraging genetic instrumental variables to
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circumvent confounding biases in observational studies,
establishes a methodological paradigm for causal valida-
tion of TCM theories. It bridges the holistic view of TCM
with modern molecular medicine, providing a theoreti-
cal foundation and innovative directions for future inte-
grative research, such as combining psychological inter-
ventions with anti-inflammatory therapies.

4.4 Limitations and future prospects

However, this study has certain shortcomings. When we
performed reverse MR, we adjusted the screening range
due to insufficient IVs. And we did not find that COPD
could induce the production of negative emotions, which
may reflect insufficient SNPs for analysis. In the future, it
is necessary to adjust the dataset to determine whether
lung diseases can induce negative emotions and to fur-
ther verify the specific pathway of emotion-inflamma-
tion-organ damage by combining multi-omics data.

5 Conclusion

Our findings demonstrated that negative emotions signif-
icantly elevate COPD risk, with CRP acting as a critical
mediator. Notably, multivariate MR analyses confirmed
that anxiety retained its independent causal association
with COPD after adjusting for smoking, underscoring the
unique role of emotional factors in disease pathogene-
sis. These results provide robust molecular evidence sup-
porting the TCM theory of “emotion-induced pathogene-
sis”, which posits that emotional imbalances disrupt Qi
flow and organ harmony, leading to disease. By bridging
TCM’s holistic framework with modern causal inference
methods, this study highlights the translational potential
of psychological interventions for COPD prevention and
management.

Fundings

2024 National “Flagship” Department Construction
Project of Traditional Chinese and Western Medicine Co-
operation, Shandong Province Rural Revitalization Foun-
dation Xiulan ZHANG Charity Fund, and Key Discipline
of Shanghai Health System in 2024 (2024ZDXK0026).

Competing interests
The authors declare no conflict of interest.

References

[1] Collaborators G2CRD Consortium. Global, regional, and na-
tional deaths, prevalence, disability-adjusted life years, and
years lived with disability for chronic obstructive pulmonary
disease and asthma, 1990 - 2015: a systematic analysis for the
Global Burden of Disease Study 2015. The Lancet Respiratory


https://doi.org/10.1016/S2213-2600(17)30293-X

204

Medicine, 2017, 5(9): 691-706.

[2] MCGUINNESS AJA, SAPEY E. Oxidative stress in COPD:
sources, markers, and potential mechanisms. Journal of Clini-
cal Medicine, 2017, 6(2): 21.

[3] WIDYSANTO A, GOLDIN J, MATHEW G. Chronic Bronchitis.
Florida: StatPearls Publishing, 2025.

[4] JUNGT, VIJ N. Early diagnosis and real-time monitoring of re-
gional lung function changes to prevent chronic obstructive
pulmonary disease progression to severe emphysema. Journal
of Clinical Medicine, 2021, 10(24): 5811.

[5] SORIANO JB. An epidemiological overview of chronic obstruc-
tive pulmonary disease: what can real-life data tell us about
disease management? COPD, 2017, 14(sup1): S3-S7.

[6] BRANDSMA CA, VAN DEN BERGE M, HACKETT TL, et al. Re-
cent advances in chronic obstructive pulmonary disease
pathogenesis: from disease mechanisms to precision
medicine. The Journal of Pathology, 2020, 250(5): 624-635.

[7] BAUER ME, TEIXEIRA AL. Neuroinflammation in mood disor-
ders: role of regulatory immune cells. Neuroimmunomodula-
tion, 2021, 28(3): 99-107.

[8] HUANG J, HUANG W], YI JZ, et al. Mesenchymal stromal cells
alleviate depressive and anxiety-like behaviors via a lung va-
gal-to-brain axis in male mice. Nature Communications, 2023,
14(1): 7406.

[9] STAIGER D, STOCK JH. Instrumental variables regression with
weak instruments. Econometrica, 1997, 65(3): 557.

[10] BURGESS S, BOWDEN J, FALL T, et al. Sensitivity analyses for
robust causal inference from Mendelian randomization analy-
ses with multiple genetic variants. Epidemiology, 2017, 28(1):
30-42.

[11] MUELLER JC. Linkage disequilibrium for different scales and
applications. Briefings in Bioinformatics, 2004, 5(4): 355-364.

[12] CHEN HG, ZHANG ZY, WANG YZ, et al. Iron status and sar-
copenia-related traits: a bi-directional Mendelian randomiza-
tion study. Scientific Reports, 2024, 14(1): 9179.

[13] WU LH, LIAO F, GUO XL, et al. The causal effect of adipose tis-
sue on Hodgkin’s lymphoma: two-sample Mendelian random-
ization study and validation. Frontiers in Immunology, 2024,
15: 1400756.

[14] RASOOLY D, PATEL CJ. Conducting a reproducible Mendelian
randomization analysis using the R analytic statistical environ-
ment. Current Protocols in Human Genetics, 2019, 101(1): e82.

[15] BOWDEN J, DAVEY SMITH G, BURGESS S. Mendelian ran-
domization with invalid instruments: effect estimation and
bias detection through egger regression. International Journal
of Epidemiology, 2015, 44(2): 512-525.

[16] MOUNIER N, KUTALIK Z. Bias correction for inverse variance
weighting Mendelian randomization. Genetic Epidemiology,
2023, 47(4): 314-331.

[17] BOWDEN J, DAVEY SMITH G, HAYCOCK PC, et al. Consistent

Zhiying WANG, et al. / Digital Chinese Medicine 8 (2025) 196-205

estimation in Mendelian randomization with some invalid in-
struments using a weighted Median estimator. Genetic Epi-
demiology, 2016, 40(4): 304-314.

FABIOLA GRECO M, MINELLI C, SHEEHAN NA, et al. Detect-
ing pleiotropy in Mendelian randomisation studies with sum-

(18

mary data and a continuous outcome. Statistics in Medicine,
2015, 34(21): 2926-2940.

BURGESS S, THOMPSON SG. Multivariable Mendelian ran-
domization: the use of pleiotropic genetic variants to estimate

[19

causal effects. American Journal of Epidemiology, 2015, 181(4):
251-260.

HIKICHI M, MIZUMURA K, MARUOKA §, et al. Pathogenesis
of chronic obstructive pulmonary disease (COPD) induced by

[20

cigarette smoke. Journal of Thoracic Disease, 2019, 11(Suppl
17): $2129-52140.

LV J, LI JH, WANG C, et al. Positive or negative emotion in-
duced by feeding success or failure can affect behaviors, heart

[21

rate and immunity of suckling calves. Physiology & Behavior,
2018, 196: 185-189.

[22] GUERRY JD, HASTINGS PD. In search of HPA axis dysregula-
tion in child and adolescent depression. Clinical Child and
Family Psychology Review, 2011, 14(2): 135-160.

[23] EAGAN TL, UELAND T, WAGNER PD, et al. Systemic inflam-
matory markers in COPD: results from the Bergen COPD co-
hort study. The European Respiratory Journal, 2010, 35(3):
540-548.

[24] WANG T, MAO L], WANG JH, et al. Influencing factors and ex-
ercise intervention of cognitive impairment in elderly patients
with chronic obstructive pulmonary disease. Clinical Interven-
tions in Aging, 2020, 15: 557-566.

[25] JI SR, ZHANG SH, CHANGYY, et al. C-reactive protein: the most
familiar stranger. Journal of Immunology, 2023, 210(6):
699-707.

[26] ZELLER J, BOGNER B, MCFADYEN JD, et al. Transitional
changes in the structure of C-reactive protein create highly
pro-inflammatory molecules: therapeutic implications for
cardiovascular diseases. Pharmacology & Therapeutics, 2022,
235:108165.

[27] GIROTTI M, DONEGAN ]JJ, MORILAK DA. Influence of hy-
pothalamic IL-6/gp130 receptor signaling on the HPA axis re-
sponse to chronic stress. Psychoneuroendocrinology, 2013,
38(7): 1158-1169.

[28] LAMA A, PIROZZI C, SEVERI I, et al. Palmitoylethanolamide

dampens neuroinflammation and anxiety-like behavior in

obese mice. Brain, Behavior, and Immunity, 2022, 102:

110-123.

LI SX, ZHAO S, WU ZR, et al. Alteration of immune profiles is

associated with pulmonary function and symptoms in patients

with chronic obstructive pulmonary disease. Molecular

Medicine Reports, 2021, 24(5): 742.

[29


https://doi.org/10.1016/S2213-2600(17)30293-X
https://doi.org/10.3390/jcm6020021
https://doi.org/10.3390/jcm6020021
https://doi.org/10.3390/jcm6020021
https://doi.org/10.3390/jcm10245811
https://doi.org/10.3390/jcm10245811
https://doi.org/10.1080/15412555.2017.1286165
https://doi.org/10.1002/path.5364
https://doi.org/10.1159/000515594
https://doi.org/10.1159/000515594
https://doi.org/10.1038/s41467-023-43150-0
https://doi.org/10.2307/2171753
https://doi.org/10.1097/EDE.0000000000000559
https://doi.org/10.1093/bib/5.4.355
https://doi.org/10.1038/s41598-024-60059-w
https://doi.org/10.3389/fimmu.2024.1400756
https://doi.org/10.1002/cphg.82
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.22522
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1002/sim.6522
https://doi.org/10.1093/aje/kwu283
https://doi.org/10.21037/jtd.2019.10.43
https://doi.org/10.1016/j.physbeh.2018.09.006
https://doi.org/10.1007/s10567-011-0084-5
https://doi.org/10.1007/s10567-011-0084-5
https://doi.org/10.1183/09031936.00088209
https://doi.org/10.2147/CIA.S245147
https://doi.org/10.2147/CIA.S245147
https://doi.org/10.2147/CIA.S245147
https://doi.org/10.4049/jimmunol.2200831
https://doi.org/10.1016/j.pharmthera.2022.108165
https://doi.org/10.1016/j.psyneuen.2012.11.004
https://doi.org/10.1016/j.bbi.2022.02.008
https://doi.org/10.3892/mmr.2021.12382
https://doi.org/10.3892/mmr.2021.12382

Zhiying WANG, et al. / Digital Chinese Medicine 8 (2025) 196-205 Validation of COPD pathogenesis from negative emotions via MR and TCM theroy 205

IR T HmfEREIAC P BT EF I AR RIF &S T
5Pk L 2P IR R S 7 A AL

Eia e, B0, Abia e R, AP R, TR

a. L2 E 25K 5B A P R 44 E FE B ig —FF, _E 4 200437, F B
b. L5 [E 25 K 5 B L 5 0T [E 24 [ R AP FL, _E 5 200082, T E
c. Fl 7K 5 W% % 7 E FEIP B A, L% 200120, F 5

(#Z) 8wy KABTREAREREIA (MR) F kbl b EHEEREAEA, BERREE LI EERM
#y% (COPD) Z MM EAR XA, Fik NALARMEKAT (GWAS) NEHIEETHRRREL . LAF
K. &M A C Rm%& B (CRP) R-FagtaX &Ky, FREBAER MR M, k5 REES . LAE KM
AMEFMAGELEZFR S SN (SNP) AT LTS, 2ZRRLEHRAEF £2mE (IVW) , FF
A P ALd (WM ) R A 2488 (SM) &, #4547 646 MR-Egger = )3 f= MR-PRESSO 1% % &
% B, Cochran's Q ¥ 3+ -4EF /ML, %2 %% MR A TRAERM Y wa; PSR TR4ELEREHOHE
;5 B MR oA B R %X 2; BLAETEmAEa F4its (>10) mvi3EH, PiA 454 £ RStudio
PRI, R MR O LIS AR R4 COPD B 2 F 0 E R m . @id IVW 947 ik, w4 2@
RAb22 %7K | BB RIPAREYS [ORyw = 1.006, 95% CI= (1.002,1.010) , P=0.002], #B/% % 245 [ORyw =
1.024, 95% CI = ( 1.004, 1.044) , P =0.017], A% % # [ORpy = 1.019, 95% CI = ( 1.003,1.035) , P=
0.019] 355 COPD RIaF+ & &gk, AR (P=0.655) 5 %% (P=0.163) /8% T A% & i) K 2] F
JRMe, PR M4 B & T 26 MR-Egger B I BIEH BE R AALAHFEL, REALT AR ST, RKE
( MR-PRESSO P=0.006 ) 4, EAME4RET T ANIEEZR IS TR BT, 2L MROWE =, A
BERIAR Z S, BHELS COPD 2MIHRE XA (P=0.002) , mEMRRIELW AREERALSERIE, P
A7 &K I CRP A~F 7 £ &3 COPD Z 3L A49 3.93%, K] MR 9 AL IR G B R X A 09iEd, &# K
BrR it MR pATIESE T RRIHZE COPD WH R XA, B ARRHELTAiFF CRP# =4, @ CRP £
WHAREFEAETZ PR, ZEAAAPEE ESHREARAET TEOIRIESIRE,

[ X&dia ]| PE; WHEBR; RERMAIL; #5520k, 1205 MM & K
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