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Objective: This study aimed to investigate the association between dietary
intake of live microbes and the prevalence of depression among patients with
Chronic Obstructive Pulmonary Disease (COPD) aged 40 years and older, using
data from the National Health and Nutrition Examination Survey (NHANES)
2005-2018.

Methods: The study included 1,494 participants (representing 9.04 million
COPD adults in the U.S.) aged 40 and above. Dietary intake of live microbes
was categorized into low, moderate, and high groups based on 24-h dietary
recall data. Depression was assessed using the Patient Health Questionnaire-9
(PHQ-9) with a score >10 indicating depression. Weighted logistic regression
analysis was performed to evaluate the association between live microbe intake
and depression, adjusting for various covariates. Additionally, subgroup analysis
and sensitivity analysis were conducted.

Results: Higher dietary intake of live microbes was associated with a lower
prevalence of depression in COPD participants. In the fully adjusted model,
compared to the low intake group, the odds ratio (OR) for depression was
0.55 (95% ClI: 0.33-0.92) for the high intake group. This inverse association
was still statistically significant in individuals under 65 years, males, non-obese
individuals, and those without cardiovascular disease. In addition, the results of
the sensitivity analysis also indicate relationship stability.

Conclusion: This study indicates an inverse association between higher dietary
intake of live microbes and the prevalence of depression among COPD patients
aged 40 and above in the United States. Future prospective studies are needed
to verify this association and explore underlying mechanisms.
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chronic obstructive pulmonary disease (COPD), live microbes, depression, dietary
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1 Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a progressive
chronic respiratory disease characterized by abnormal airways and/or
alveoli, leading to persistent airflow limitation (1). COPD was one of
the leading causes of mortality worldwide (2). It is also a major cause
of morbidity and healthcare utilization worldwide (3, 4). Compared
to COPD patients without comorbidities, those with concurrent
conditions are more likely to experience frequent hospitalizations and
may face premature mortality (5, 6). Of such comorbidities, depression
contributes to a substantial burden of COPD-related morbidity (7).
Previous studies have indicated that depression may not only increase
the risk of developing COPD, but is also associated with a higher
likelihood of 30-day readmission and an elevated risk of acute
exacerbations of COPD (8, 9). Therefore, early identification or
intervention of the influencing factors of depression in COPD patients
is even more crucial for early detection and treatment.

Studies have shown that consuming live microorganisms is
beneficial to human health (10). This is because they can enhance
intestinal function and reduce disease risk by interacting with the
microbiota residing in the gut (11). Research shows that probiotics
containing live microorganisms and fermented foods can alleviate
symptoms of depression (12, 13). Changes in gut microbiota have also
been confirmed to be associated with disease progression and related
complications in COPD patients (14). Recently, Marco et al. proposed
a classification system using the NHANES public database to define
and estimate dietary intake of live microbes (15). Based on this
classification system, multiple studies have explored the correlation
between dietary live microorganisms and various common clinical
diseases (16-19). Emerging evidence suggests that the gut-lung axis
may play a role in modulating systemic inflammation and mental
health in COPD patients, providing a biological rationale for
investigating dietary live microbes in this population (20). existing
studies have found that a high content of live dietary microbes
significantly reduces the risk of depressive symptoms in patients with
chronic airway inflammatory diseases (18).

To our knowledge, no prior study has examined whether dietary
live microbe intake is associated with depression among COPD
patients. This study aims to fill that gap. Which may provide new
insights and approaches for the prevention and treatment of
depression in this population.

2 Materials and methods
2.1 Data and study participants

NHANES is a national survey conducted biennially since 1999 in
the United States, using complex multi-stage probability sampling
methods to collect information about the health and nutrition status
of the U.S. population. It uses a hierarchical multi-stage probabilistic
design to screen participants, including oversampling of specific age
and racial groups. This method allows for sample-weighted inference
and provides a representative representation of the U.S. population.
The Institutional Review Board of the National Center for Health
Statistics (NCHS) has approved NHANES. The consent form was
signed by each participant of the survey. Our research strictly adheres
to the STROBE guidelines.
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Our study included data from seven survey cycles between 2005
and 2018. There were 26,282 participants aged 40 and above. Among
them, 1,738 had COPD, 178 lacked depression information, and 66
lacked information on probiotic intake. Given that the proportion of
missing covariates was less than 0.5% (n = 18), this study did not apply
special handling for the missing data. As shown in Figure 1, after
screening, a total of 1,494 participants were ultimately included in the
there 253 depressed 1,241
non-depressed individuals.

study, were individuals and

2.2 Dietary live microbe intake

Estimate dietary intake of live microorganisms using the 24-h
dietary recall data from NHANES. The classification of live
microorganism content in foods is derived from the study by Marco
etal. (15). The estimated number of live microorganisms expressed as
colony-forming units per gram (CFU/g) in 9,388 foods across 48
subgroups in the NHANES database was determined by a team of four
experts (MLM, MES, RH, and CH). Experts classify food into low (Lo;
< 10* CFUs/g), medium (Med; 10*-10” CFUs/g), and high (Hi; > 107
CFUs/g) categories based on their live microorganism content.
Generally, the lower tier mainly consists of pasteurized foods, the
middle tier primarily includes fresh fruits and vegetables with their
skins intact, while the higher tier comprises unpasteurized fermented
foods and probiotic supplements (21). If there are uncertain or
conflicting data, external consultations were conducted (22). A single
24-h recall may not reflect habitual intake and is subject to recall bias.
CFU/g estimates may vary due to processing, storage, or cooking,
leading to potential misclassification. In view of existing literature
methods, in the study, participants were divided into three groups
based on their diet live bacteria content: diet live bacteria group (all
foods low), moderate dietary live bacteria group (moderate content
but no high-content foods), and high dietary live bacteria group
(containing high-content foods) (23).

2.3 Diagnosis of COPD

Based on previous literature (5-7), Only a portion of participants
in NHANES have pulmonary function data, so a composite definition
is used to improve diagnostic coverage. COPD is defined as having
one of the following conditions: (1) Post-bronchodilator FEV1/
FVC < 0.7; (2) Self-reported emphysema; (3) Age > 40 years, history
of chronic bronchitis or smoking, treated with COPD medications
(including mast cell stabilizers, leukotriene modifiers, inhaled
corticosteroids, selective phosphodiesterase 4 inhibitors).

2.4 Definition of depression

Current depressive symptoms are measured using the Patient
Health Questionnaire-9 (PHQ-9) (5-7). The PHQ-9 consists of nine
items, each assessed on a four-point Likert scale ranging from 0 (not
at all) to 3 (nearly every day). The total score of the PHQ-9 ranges
from 0 to 27, with higher scores indicating greater severity. A PHQ-9
score of >10 was recommended as the binary threshold to define the
presence of depression (24).
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26282 Participants aged 240y
NHANES 2005-2018

Excluded participants who are not COPD

1738 COPD participants

n=24544

Wthout complete depression data

1560 With available outcome
information and COPD data

n=178

Without Live microbe data

1494 Available for analysis

Without depression
n=1241

With depression
n=253

FIGURE 1

Nutrition Examination Survey.

Flow diagram of the screening and enrollment of study participants. COPD, chronic obstructive pulmonary disease; NHANES, National Health and

n=66

2.5 Covariates

Based on previous literature and clinical significance (25-27), this
study included the following covariates: age, gender, race (Mexican
American, non-Hispanic Black, non-Hispanic White, other Hispanic,
other race—including multiracial), marital status (living alone or married/
cohabiting), educational attainment (less than high school, high school,
college or higher), poverty income ratio (PIR), body mass index (BMI),
smoking, alcohol consumption, physical activity time, prior medical
history, and dietary energy/protein/fat intake. The calculation method for
BMI is weight (kg) divided by height (m) squared, then categorized as
<25, >25-30, and >30 (23). PIR classification is as follows: low income
(PIR < 1.3), middle income (1.3 <PIR<3.5), and high income
(PIR > 3.5) (29). Smoking status is divided into never smokers, former
smokers, and current smokers (30). Alcohol use is categorized based on
current drinking status and extent (never, former, current drinker) (31).
Physical activity time was assessed by reporting the duration of weekly
walking or cycling, household chores, work, and recreational activities
(32). Participants were asked: “Has a doctor or other health professional
ever told you that you had congestive heart failure/coronary heart disease/
angina/heart attack/stroke?” If an individual answered “yes” to any of
these questions, they were considered to have cardiovascular disease
(CVD) (33). Diabetes is defined as the use of insulin or oral hypoglycemic
agents, self-reported and physician-diagnosed diabetes, fasting blood
glucose levels exceeding 7.0 mmol/L, 2-h postprandial blood glucose
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levels during an oral glucose tolerance test exceeding 11.1 mmol/L,
random blood glucose levels exceeding 11.1 mmol/L, or glycated
hemoglobin (HbA1c) levels exceeding 6.5% (34). Hypertension is defined
as self-reported hypertension, or an average systolic blood pressure
greater than 140 mmHg and/or an average diastolic blood pressure
greater than 90 mmHg, or the use of antihypertensive medication (35).

2.6 Statistical analyses

All analyses accounted for the complex sampling design of
NHANES. Given that live microbial intake was calculated based on
dietary data, this study utilized the day 1 dietary weights. Continuous
variables with normal distributions were expressed as weighted means
(standard deviations), while those with non-normal distributions were
presented as medians (interquartile ranges), with statistical differences
described using analysis of variance (ANOVA) or Kruskal-Wallis
tests. Categorical variables were reported as weighted frequencies and
percentages, with differences compared using chi-square tests.

This study employed weighted logistic regression analysis to assess
the association between live microbial intake and depression. Four models
were constructed: the crude model was unadjusted for any variables;
Model 1 adjusted for age, sex, and race; Model 2 further adjusted for
education level, marital status, PIR (poverty income ratio), smoking
status, alcohol consumption, physical activity, and BMI; Model 3
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additionally adjusted for CVD, hypertension, diabetes, total dietary
energy intake, total protein, and total fat. Trend tests were employed to
assess the linear relationship between the categorical variables
representing dietary live microbial intake levels and depression.

Stratified regression analyses were conducted based on age, sex,
BMI, and CVD, along with interaction tests to examine heterogeneity
across different subgroups.

To verify the stability of the results, we excluded participants with
extremely high energy intake, those consuming less than 500 kcal or
more than 5,000 kcal per day, for sensitivity analysis. Given that less
than 0.5% of covariates were missing, it had little impact on the core
results, so we performed complete-case analysis without imputation.
However, to further verify the impact of missing covariates data on the
results, a sensitivity analysis was conducted after deleting the missing
cases. All analysis code is available upon reasonable request.

All statistical analyses were performed using R software (version
4.2.2) and Free Statistics software version (1.9.2). A two-sided p-value
less than 0.05 is used as the criterion for statistical significance.

3 Results
3.1 Participant characteristics

The final sample for analysis included 1,494 individuals,
representing an estimated 9.04 million COPD adults in the United
States. Table 1 shows the basic characteristics of the participants based
on their levels of dietary probiotic intake. The prevalence of depression
was 18.6, 12.4, and 7.6% across low, medium, and high live microbe
intake groups, respectively. The mean age was 61.7 years (SD = 11.1).
compared with the low group, subjects in the medium-high group
were predominantly male, Mexican American, married, had higher
income and education levels, currently consumed alcohol, and had
greater total energy, total protein, and total fat intake (all p < 0.05).

3.2 Association between the intake of live
microbe and depression

The results of the weighted logistic regression analysis are shown
in Table 2. Overall, higher intake of dietary live microbe was associated
with lower prevalence of depression in all models. In the unadjusted
model, compared to the low dietary live microbe group, the OR (95%
CI) for depression was 0.62 (0.40-0.96) for the medium dietary live
microbe group and 0.36 (0.23-0.58) for the high dietary live microbe
group. In the fully adjusted model, compared to the low dietary live
microbe group, the OR (95% CI) for depression was 0.83 (0.56-1.24)
for the medium dietary live microbe group and 0.55 (0.33-0.92) for
the high dietary live microbe group. A significant linear trend was
observed across intake groups (p for trend < 0.05).

3.3 Subgroup analysis and sensitivity
analysis

Subgroup analyses were conducted in several subgroups by gender

(male or female), age (<65 or >65 years), BMI (<30 or >30 kg/m?),
and CVD (No or Yes). In subgroup analyses, the inverse association
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between high live microbe intake and depression was generally
consistent, though no significant interactions were observed (all P for
interaction > 0.05) (Figure 2). Specifically, the association between live
microbes and depression remains stable across different subgroups
and retains statistical significance among participants under 65 years
old, males, those with a BMI less than 30 kg/m? and non-CVD
individuals. Among participants aged <65 years, the odds ratio (OR)
for depression in the high intake group was 0.52 (95% CI: 0.29-0.92);
in males, the OR was 0.45 (95% CI: 0.20-1.01); among non-obese
individuals (BMI < 30 kg/m?), the OR was 0.36 (95% CI: 0.16-0.79);
in those without CVD, the OR was 0.52 (95% CI: 0.27-1.02).

To verify the robustness of the results, weighted regression
analyses were conducted between dietary live microbial intake and
depression after excluding participants with missing covariates
(n=18) and those with extreme energy intake (<500 kcal or
>5,000 kcal per day, n = 37), respectively. As shown in Table 3, after
excluding participants with missing covariates, 1,476 individuals
remained. In the fully adjusted model, compared to the low dietary
live microbe group, the high intake group had a 45% reduced risk of
depression (OR: 0.55; 95% CI: 0.33-0.92). After excluding participants
with extreme energy intake, 1,457 individuals remained. In the fully
adjusted model, compared to the low dietary live microorganism
group, the high intake group had a 44% reduced risk of depression
(OR: 0.56; 95% CI: 0.33-0.94).

4 Discussion

In this cross-sectional study, we investigated the association
between dietary intake of live microbes and the prevalence of
depression among patients with COPD. The results showed that
compared to low intake levels, moderate to high dietary intake of live
microbes was inversely associated with depression in COPD patients,
with stable findings in subgroup and sensitivity analyses.

Previous studies have shown a significant association between the
intake of live dietary microbes and mental health. For example, Chen
etal. (19) found that high intake of live microbes was associated with
lower rates of depressive symptoms among American adults. A
randomized clinical trial revealed that probiotics substantially
diminished anxiety and depressive symptoms when combined with
antidepressants (36). Jin et al. (17) further indicated that the intake of
live dietary microbes is linked to depressive symptoms and all-cause
mortality in cancer survivors, suggesting potential benefits for mental
health and disease prognosis. Additionally, Li et al. (18) discovered that
live dietary microbes have a regulatory effect on depressive symptoms
in patients with chronic inflammatory airway diseases (CIAD). These
findings support the current study’s discovery that live dietary microbes
may have a protective effect against depression. However, this study
focuses specifically on COPD patients, further revealing the potential
protective role of live dietary microbes in reducing depression rates
among COPD patients. It is noteworthy that previous studies have
found an L-shaped relationship between dietary probiotic intake and
depression (27), may suggesting that there is an ‘optimal rang¢’ for live
dietary microbes in protecting against depressive symptoms. In
contrast, our study found that as the amount of live dietary microbes
consumed increased, the prevalence of depression continued to
decrease. This linear relationship may be related to the unique
pathophysiological characteristics of COPD patients. COPD patients
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TABLE 1 Characteristics of participants enrolled in study according to the different dietary live microbes.

10.3389/fnut.2025.1669775

Characteristics Total Low live Medium live High live
microbes microbes microbes
(n = 1,494) (n = 634) (n =570) (n =290)
Weighted population, # (in millions) 9.04 3.49 3.34 221
Age, year 61.72 (11.07) 60.68 (11.42) 62.30 (10.88) 62.49(10.69) 0.10
Sex, n (in millions), % 0.02
Female 4.57 (50.62) 1.98 (56.76) 1.58 (47.28) 1.02 (45.98)
Male 4.46 (49.38) 1.51 (43.24) 1.76 (52.72) 1.19 (54.02)
Race, 7 (in millions), % <0.05
Mexican American 7.40 (81.88) 2.68 (76.81) 2.79 (83.72) 1.92 (87.10)
Non-Hispanic Black 0.631 (6.94) 0.34 (9.79) 0.21 (6.21) 0.08 (3.54)
Non-Hispanic White 0.19 (2.06) 0.08 (2.34) 0.09(2.64) 0.02 (0.74)
Other Hispanic 0.21 (2.37) 0.09 (2.52) 0.07 (2.14) 0.06 (2.49)
Other race 0.61 (6.75) 0.30 (8.53) 0.18 (5.30) 0.14 (6.13)
Marital status, 7 (in millions), % 0.04
Married/living with partner 5.71 (63.20) 2.01 (57.55) 2.24 (67.24) 1.46 (66.02)
Never married/other 3.32(36.80) 1.48 (42.45) 1.09 (32.76) 0.75 (33.98)
PIR 2.830 (1.65) 2.414 (1.58) 2.941 (1.68) 3.331 (1.54) <0.001
PIR, n (in millions), % <0.001
<13 2.16 (25.72) 1.14 (34.95) 0.73 (23.72) 0.28 (13.89)
1.3-3.5 3.06 (36.56) 1.19 (36.48) 1.12 (36.47) 0.75 (36.85)
>3.5 3.16 (37.72) 0.93 (28.57) 1.23 (39.82) 1.00 (49.26)
Education level, n (in millions), % <0.001
Less than high school 1.83 (20.26) 0.97 (27.75) 0.65 (19.37) 0.22 (9.78)
High school or equivalent 2.33(25.78) 0.89 (25.62) 0.96 (28.85) 0.47 (21.40)
Above high school 4.88 (53.96) 1.63 (46.63) 1.73 (51.78) 1.52 (68.82)
Smoke, n (in millions), % 0.053
Never 1.57 (17.39) 0.55 (15.77) 0.612 (18.52) 0.40 (18.25)
Former 4.31 (47.65) 1.49 (42.61) 1.64 (49.03) 1.18 (53.51)
Now 3.16 (34.96) 1.45 (41.62) 1.08 (32.45) 0.62 (28.24)
Drinking status, # (in millions), % 0.045
Never 0.53 (5.89) 0.26 (7.52) 0.22 (6.46) 0.05 (2.47)
Former 2.60 (28.72) 1.04 (29.80) 1.04 (31.01) 0.52 (23.57)
Now 5.91 (65.39) 2.19 (62.68) 2.09 (62.54) 1.63 (73.96)
Physical activity, minutes/week 150 (0.00,600) 120 (0.00, 600) 210 (0.00, 549) 179 (0.00, 600) 0.29
BMI, kg/m? 0.68
<25 (normal weight) 2.29 (25.55) 0.82(23.91) 0.92 (27.81) 0.54 (24.70)
25-29.9 (overweight) 3.03 (33.78) 1.13 (32.70) 1.10 (33.06) 0.81 (36.57)
>30 (obese) 3.65 (40.67) 1.50 (43.39) 1.30 (39.12) 0.85 (38.73)
Energy intake (kcal) 1855 (1,428,2,472) 1818 (1,317,2,416) 1797 (1,391, 2,366) 2036 (1,565, 2,734) 0.002
Protein intake (g/day) 69.86 (48.08, 94.32) 65.46 (43.54, 90.47) 66.11 (47.39, 88.57) 80.01 (56.49, 109.45) <0.001
Fat intake (g/day) 71.18 (49.49,100.07) 67.17 (44.68, 95.94) 70.014 (50.30, 96.09) 78.344 (54.69, 112.62) 0.003
CVD, n (in millions), % 0.47
No 6.63 (73.34) 2.48 (71.01) 2.49 (74.73) 1.65 (74.91)
Yes 2.41 (26.66) 1.01 (28.99) 0.84 (25.27) 0.55 (25.09)
(Continued)
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TABLE 1 (Continued)

Characteristics Total Low live Medium live High live
microbes microbes microbes
(n =1,494) (n = 634) (n =570) (n =290)
Hypertension, # (in millions), % 0.83
No 3.76 (41.66) 1.48 (42.53) 1.40 (41.96) 0.88 (39.84)
Yes 5.27 (58.34) 2.00 (57.47) 1.94 (58.04) 1.33 (60.16)
DM, # (in millions), % 0.36
No 6.70 (74.11) 2.53 (72.62) 2.43 (72.82) 1.73(78.42)
Yes 2.34(25.89) 0.96 (27.38) 0.91 (27.18) 0.48 (21.58)
Depression 0.001
No 7.80 (86.40) 2.84 (81.40) 2.92 (87.60) 2.04 (92.40)
Yes 1.23 (13.60) 0.65 (18.60) 0.41 (12.40) 0.17 (7.60)

Normally distributed continuous variables are described as mean + SD, and continuous variables without a normal distribution are described as median (interquartile range). Categorical

variables are presented as number in millions (%).

PIR, Poverty Income Ratio; BMI, body mass index; CVD, cardiovascular disease, DM, diabetes mellitus.

TABLE 2 Association between dietary live microbe intake and depression prevalence in COPD participates.

Variables Crude model

OR (95%Cl) p

OR (95%ClI)

Model 1

Model 2
OR (95%Cl)

Model 3
OR (95%Cl)

Live microbes groups

Low Reference Reference Reference Reference

Medium 0.62(0.40, 0.96) 0.034 0.63(0.40, 0.99) 0.046 0.80(0.53,1.21) 0.296 0.83(0.56, 1.24) 0.36
High 0.36(0.23, 0.58) <0.001 0.37(0.23, 0.58) <0.001 0.55(0.32, 0.93) 0.028 0.55(0.33, 0.92) 0.022
P for trend <0.001 <0.001 0.018 0.013

Crude model: Not adjusted.
Model 1: Adjusted for age, sex, race.

Model 2: Adjusted for age, sex, race, marital status, education level, smoking status, drinking status, physical activity time, PIR, BMIL
Model 3: Adjusted for age, race, marital status, education level, smoking status, drinking status, physical activity time (minutes), PIR, BMI, CVD, Hypertension, DM, total energy, total protein

and total fat.

COPD, chronic obstructive pulmonary disease; OR, odd ratio; CI, confidence interval; PIR, poverty income ratio; BMI, body mass index; CVD, cardiovascular disease; DM, diabetes mellitus.

often suffer from chronic inflammation and immune dysfunction,
which may affect the regulatory effect of probiotic intake on depressive
symptoms. Although we observed a linear trend, however, with only
three intake categories and no a-priori threshold testing, we cannot
exclude a non-linear shape. Future randomized controlled trials in
COPD populations are needed to evaluate whether increasing dietary
live microbe intake can reduce depression risk.

To verify the stability of the results, this study also conducted
subgroup analysis and sensitivity analysis, and the results remained
stable. In the subgroup analysis, this study found that the association
between the intake of live dietary microbes and the incidence of
depression remained significant among individuals under the age of 65,
males, non-obese individuals, and patients without CVD. Although the
association was more pronounced in certain subgroups (e.g., non-obese
individuals), the interaction test results were not statistically significant
(all interaction p values > 0.05). It is possible that younger COPD
patients may possess a stronger adaptability and resilience of the gut
microbiota, making the impact of live dietary microbes on their mental
health more pronounced. Given that obesity and cardiovascular diseases
themselves have a complex relationship with depression (37, 38), they
may influence the occurrence of depression through mechanisms such
as inflammation and metabolic disorders. In COPD patients without
obesity and cardiovascular diseases, the protective effect of live dietary
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microorganisms might be more easily observed. Additionally, dietary
live microbe intake may correlate with overall diet quality (e.g., higher
fruit, vegetable, and fiber intake), which itself is associated with lower
depression risk. Although we adjusted for total energy, protein, and fat
intake, we could not account for overall dietary patterns such as the
Healthy Eating Index (HEI) or DASH score. Thus, the observed
association may partly reflect residual confounding by diet quality.
Although the mechanisms underlying this association are not fully
understood. There are several possible explanations, for example,
regulating gut microbiota and anti-inflammatory effects may be its
main mechanisms of action. Patients with COPD often experience a
state of chronic inflammation. This inflammatory response not only
affects pulmonary function but may also impact the central nervous
system through multiple pathways, thereby increasing the risk of
depression (7). The association between inflammatory response and
depression has been confirmed in multiple studies. Elevated levels of
inflammatory factors are closely correlated with the severity of
depressive symptoms (39). Live dietary microorganisms can regulate
the immune system, reduce the levels of inflammatory factors, alleviate
inflammatory responses, thereby reducing the risk of depression (40).
Furthermore, in patients with COPD, dysbiosis of the gut microbiota
has been confirmed to be associated with disease progression and
related complications (41, 42). By ingesting live probiotics, the
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FIGURE 2
Subgroup analysis for the association between live microbe intake and the prevalence of depression in COPD aged 40 years and older. Except for
stratification component itself, each stratification factor was adjusted for age, race, marital status, education level, smoking status, drinking status,
physical activity time, PIR, BMI, CVD, Hypertension, DM, total energy, total protein and total fat. COPD, chronic obstructive pulmonary disease; OR, odd
ratio; Cl, confidence interval; PIR, poverty income ratio; BMI, body mass index; CVD, cardiovascular disease; DM, diabetes mellitus.

composition of the gut microbiota can be improved, increasing the
quantity and diversity of beneficial bacteria, thereby enhancing lung
health through the gut-lung axis (43). This improvement in gut
microbiota may have a positive impact on depressive symptoms in
COPD patients through the regulation of the gut-brain axis.

This study preliminarily elucidated the negative association
between dietary live microbial intake and depression in COPD
patients, providing a novel perspective for health management in
this population. Recent studies underscore the need for
personalized, multimodal strategies in complex depression (44, 45).
Recent evidence also highlights the potential role of pharmacological
augmentation treatment-resistant psychiatric
conditions (46). Together, these findings reinforce our conclusion

strategies in

that integrating nutritional and microbiome-based approaches with
existing pharmacological frameworks may offer the most promising

Frontiers in Nutrition

path to alleviate depression in COPD patients. However, our study
has some limitations. First, NHANES is a cross-sectional study, thus
only associations can be observed, and causality cannot be inferred.
Second, there is information bias due to recall bias from self-
reported dietary intake and COPD/chronic bronchitis/emphysema
diagnosis. In addition, because PHQ9 items overlap with COPD-
related somatic complaints, potentially misclassifying respiratory
disease as depression. Although this is the standard method of
NHANES, relying solely on a single 24-h dietary recall to assess
habitual intake is not optimal. Third, the conclusions of this study
apply only to Americans and cannot be generalized to other
populations. Forth, despite numerous adjustments for confounding
factors, it may still be influenced by unknown confounders, for
example, NHANES does not provide detailed lung function data or
COPD severity classifications. Further large-scale prospective

frontiersin.org


https://doi.org/10.3389/fnut.2025.1669775
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Gao etal.

10.3389/fnut.2025.1669775

TABLE 3 Sensitive analysis of the association between dietary live microbe intake and depression.

Variables Crude model

OR (95%Cl) p

OR (95%Cl)

Model 1

Model 2
p OR (95%Cl)

Model 3
OR (95%Cl)

Live microbes groups (n = 1,476)

Low Reference Reference Reference Reference

Medium 0.61(0.39, 0.96) 0.034 0.63(0.40, 0.99) 0.047 0.80(0.53, 1.21) 0.296 0.83(0.56, 1.24) 0.360
High 0.35(0.22, 0.55) <0.001 0.36(0.22, 0.57) <0.001 0.55(0.32, 0.93) 0.028 0.55(0.33, 0.92) 0.022
P for trend <0.001 <0.001 0.018 0.013
Live microbes groups (n = 1,457)

Low Reference Reference Reference Reference

Medium 0.63(0.40, 0.99) 0.043 0.64(0.41, 1.02) 0.058 0.82(0.53, 1.26) 0.358 0.84(0.55, 1.27) 0.404
High 0.36(0.23, 0.57) <0.001 0.37(0.23, 0.59) <0.001 0.55(0.32, 0.95) 0.031 0.56(0.33, 0.94) 0.029
P for trend <0.001 <0.001 0.025 0.022

Crude model: Not adjusted.
Model 1: Adjusted for age, sex, race.

Model 2: Adjusted for age, sex, race, marital status, education level, smoking status, drinking status, physical activity time (minutes), PIR, BMIL.
Model 3: Adjusted for age, race, marital status, education level, smoking status, drinking status, physical activity time, PIR, BMI, CVD, Hypertension, DM, total energy, total protein and total fat.
COPD, chronic obstructive pulmonary disease; OR, odd ratio; CI, confidence interval; PIR, poverty income ratio; BMI, body mass index; CVD, cardiovascular disease; DM, diabetes mellitus.

studies are needed in the future to use diet quality scores (such as
HEI, DASH) for more comprehensive adjustments to establish
causal relationships and mechanistic associations.

5 Conclusion

Our research indicates an inverse association between higher
dietary intake of live microbes and the prevalence of depression among
COPD patients aged 40 and above in the United States. However,
future prospective studies are needed to verify this association.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found at: https://wwwn.cdc.gov/nchs/nhanes/Default.aspx.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of the National Center for Health Statistics (NCHS).
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

WG: Data curation, Formal analysis, Investigation, Methodology,
Visualization, Writing - original draft. XL: Data curation,
Methodology, Writing - original draft. YW: Data curation,
Methodology, Visualization, Writing - original draft. XZ:
Conceptualization, Formal analysis, Investigation, Methodology,
Resources, Software, Visualization, Writing — review & editing. YS:
Conceptualization, Data curation, Formal analysis, Investigation,

Frontiers in Nutrition

Methodology, Project administration, Resources, Supervision,
Visualization, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was funded by
the National Natural Science Foundation of China (No. 82374379).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

08 frontiersin.org


https://doi.org/10.3389/fnut.2025.1669775
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx

Gao etal.

References

1. Agusti, A, Celli, BR, Criner, GJ, Halpin, D, Anzueto, A, Barnes, P, et al. Global
initiative for chronic obstructive lung disease 2023 report: GOLD executive summary.
Eur Respir J. (2023) 61:2300239. doi: 10.1183/13993003.00239-2023

2. GBD 2015 Chronic Respiratory Disease Collaborators. Global, regional, and
national 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. Lancet Respir Med. (2017) 5:691-706. doi:
10.1016/S2213-2600(17)30293-X

3. Lareau, SC, Fahy, B, Meek, P, and Wang, A. Chronic obstructive pulmonary disease
(COPD). Am ] Respir Crit Care Med. (2019) 199:P1-p2. doi: 10.1164/rccm.1991P1

4. Christenson, SA, Smith, BM, Bafadhel, M, and Putcha, N. Chronic obstructive
pulmonary disease. Lancet. (2022) 399:2227-42. doi: 10.1016/S0140-6736(22)00470-6

5. Kahnert, K, Jorres, RA, Behr, ], and Welte, T. The diagnosis and treatment of COPD and
its comorbidities. Dtsch Arztebl Int. (2023) 120:434-44. doi: 10.3238/arztebl.m2023.027

6. Negewo, NA, Gibson, PG, and McDonald, VM. COPD and its comorbidities: impact,
measurement and mechanisms. Respirology. (2015) 20:1160-71. doi: 10.1111/resp.12642

7. Yohannes, AM, and Alexopoulos, GS. Depression and anxiety in patients with
COPD. Eur Respir Rev. (2014) 23:345-9. doi: 10.1183/09059180.00007813

8. Wu, K, Lu, L, Chen, Y, Peng, ], Wu, X, Tang, G, et al. Associations of anxiety and
depression with prognosis in chronic obstructive pulmonary disease: a systematic review
and meta-analysis. Pulmonology. (2025) 31:2438553. doi: 10.1080/25310429.2024.2438553

9. Liu, A, Hong, PY, Su, B, Wu, JH, and Chen, ZY. Assessing causality between chronic
obstructive pulmonary disease with depression: a bidirectional Mendelian
randomization study. J Affect Disord. (2024) 351:782-9. doi: 10.1016/j.jad.2024.02.022

10. Chen, ], Yang, N, Peng, Y, Zhou, H, and Li, Q. Association between nonfood pre-
or probiotic use and cognitive function: results from NHANES 2011-2014. Nutrients.
(2023) 15:3408. doi: 10.3390/nul5153408

11. Marco, ML, Hill, C, Hutkins, R, Slavin, ], Tancredi, D], Merenstein, D, et al. Should
there be a recommended daily intake of microbes? J Nutr. (2020) 150:3061-7. doi:
10.1093/jn/nxaa323

12. Chudzik, A, Orzylowska, A, Rola, R, and Stanisz, GJ. Probiotics, prebiotics and
postbiotics on mitigation of depression symptoms: modulation of the brain-gut-
microbiome axis. Biomolecules. (2021) 11:1000. doi: 10.3390/biom11071000

13. Un-Nisa, A, Khan, A, Zakria, M, Siraj, S, Ullah, S, Tipu, MK, et al. Updates on the
role of probiotics against different health issues: focus on Lactobacillus. Int ] Mol Sci.
(2022) 24:142. doi: 10.3390/ijms24010142

14. Su, Z, Ma, C, Ru, X, Zhang, S, Wu, C, Huang, Y, et al. Effects of probiotic treatment
on patients and animals with chronic obstructive pulmonary disease: a systematic review
and meta-analysis of randomized control trials. Front Cell Infect Microbiol. (2024)
14:1411222. doi: 10.3389/fcimb.2024.1411222

15. Marco, ML, Hutkins, R, Hill, C, Fulgoni, VL III, Cifelli, C], Gahche, J, et al. A
classification system for defining and estimating dietary intake of live microbes in US
adults and children. J Nutr. (2022) 152:1729-36. doi: 10.1093/jn/nxac074

16. Yang, C, Hong, Q, Wu, T, Fan, Y, Shen, X, and Dong, X. Association between
dietary intake of live microbes and chronic constipation in adults. J Nutr. (2024)
154:526-34. doi: 10.1016/j.tjnut.2023.11.032

17.Jin, D, Lv, T, Zhang, C, and Hu, Y. Joint association of dietary live microbe intake
and depression with cancer survivor in US adults: evidence from NHANES. BMC
Cancer. (2025) 25:487. doi: 10.1186/s12885-025-13699-8

18.Li, W, He, Q, Bai, ], Wen, Y, Hu, Z, Deng, Z, et al. Moderating role of live microbe
between chronic inflammatory airway disease and depressive symptoms. Front Nutr.
(2025) 12:1572178. doi: 10.3389/fnut.2025.1572178

19. Chen, M, Huang, H, Jiang, Q, and Wu, Y. Effect of dietary live microbe intake on
the prevalence and mortality risks of depression and suicidal ideation in adults: evidence
from a nationwide population-based study. J Affect Disord. (2025) 368:847-56. doi:
10.1016/j.jad.2024.09.127

20. Shaheen, N, Miao, J, Xia, B, Zhao, Y, and Zhao, ]. Multifaceted role of microbiota-
derived Indole-3-acetic acid in human diseases and its potential clinical application.
FASEB J. (2025) 39:¢70574. doi: 10.1096/).202500295R

21. Zou, H, Zhu, T, Chen, X, and Lu, Y. Dietary live microbe intake and its association
with Parkinson's disease in American adults: an NHANES analysis (1999-2018). Front
Nutr. (2025) 12:1606922. doi: 10.3389/fnut.2025.1606922

22. Marco, ML, Sanders, ME, Ginzle, M, Arrieta, MC, Cotter, PD, de Vuyst, L, et al.
The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus
statement on fermented foods. Nat Rev Gastroenterol Hepatol. (2021) 18:196-208. doi:
10.1038/s41575-020-00390-5

23. Yan, K, Ma, X, Li, C, Zhang, X, Shen, M, Chen, S, et al. Higher dietary live microbe
intake is associated with a lower risk of sarcopenia. Clin Nutr. (2024) 43:1675-82. doi:
104lOlG/j.clnu.2024405.030

24.Kroenke, K, Spitzer, RL, and Williams, JB. The PHQ-9: validity of a brief
depression severity measure. J Gen Intern Med. (2001) 16:606-13. doi:
10.1046/j.1525-1497.2001.016009606.x

Frontiers in Nutrition

10.3389/fnut.2025.1669775

25. Wen, J, Gu, S, Wang, X, and Qi, X. Associations of adherence to the DASH diet
and the Mediterranean diet with chronic obstructive pulmonary disease among US
adults. Front Nutr. (2023) 10:1031071. doi: 10.3389/fnut.2023.1031071

26. Wang, K, Zhao, Y, Nie, ], Xu, H, Yu, C, and Wang, S. Higher HEI-2015 score is
associated with reduced risk of depression: result from NHANES 2005-2016. Nutrients.
(2021) 13:348. doi: 10.3390/nu13020348

27. Wang, X, Wang, H, Yu, Q, Fu, S, Yang, Z, Ye, Q, et al. High dietary live microbe
intake is correlated with reduced risk of depressive symptoms: a cross-sectional study of
NHANES 2007-2016. ] Affect Disord. (2024) 344:198-206. doi: 10.1016/j.jad.2023.10.015

28. Dreimiiller, N, Lieb, K, Tadi¢, A, Engelmann, J, Wollschlager, D, and Wagner, S.
Body mass index (BMI) in major depressive disorder and its effects on depressive
symptomatology and antidepressant response. J Affect Disord. (2019) 256:524-31. doi:
10.1016/j.jad.2019.06.067

29. Ogden, CL, Carroll, MD, Fakhouri, TH, Hales, CM, Fryar, CD, Li, X, et al.
Prevalence of obesity among youths by household income and education level of head
of household - United States 2011-2014. MMWR Morb Mortal Wkly Rep. (2018)
67:186-9. doi: 10.15585/mmwr.mm6706a3

30.SSY, ALH, Natto, ZS, Midle, JB, Gyurko, R, O'Neill, R, and Steffensen, B.
Association between time since quitting smoking and periodontitis in former smokers
in the National Health and Nutrition Examination Surveys (NHANES) 2009 to 2012. J
Periodontol. (2019) 90:16-25. doi: 10.1002/JPER.18-0183

31. Gay, IC, Tran, DT, and Paquette, DW. Alcohol intake and periodontitis in adults
aged >30 years: NHANES 2009-2012. ] Periodontol. (2018) 89:625-34. doi: 10.1002/
JPER.17-0276

32.Li, J, Liu, H, and Xu, B. Association of advanced lung cancer inflammation index
with all-cause and cardiovascular mortality in US patients with asthma. Front Nutr.
(2025) 12:1525115. doi: 10.3389/fnut.2025.1525115

33. Dang, K, Wang, X, Hu, ], Zhang, Y, Cheng, L, Qi, X, et al. The association between
triglyceride-glucose index and its combination with obesity indicators and
cardiovascular disease: NHANES 2003-2018. Cardiovasc Diabetol. (2024) 23:8. doi:
10.1186/s12933-023-02115-9

34.Xu, Z, Liu, D, Zhai, Y, Tang, Y, Jiang, L, Li, L, et al. Association between the
oxidative balance score and all-cause and cardiovascular mortality in patients with
diabetes and prediabetes. Redox Biol. (2024) 76:103327. doi: 10.1016/j.redox.2024.103327

35.Dong, Y, Xu, W, Liu, S, Xu, Z, Qiao, S, and Cai, Y. Serum albumin and liver
dysfunction mediate the associations between organophosphorus pesticide exposure
and hypertension among US adults. Sci Total Environ. (2024) 948:174748. doi: 10.1016/j.
scitotenv.2024.174748

36. Nikolova, VL, Cleare, AJ, Young, AH, and Stone, JM. Acceptability, tolerability,
and estimates of putative treatment effects of probiotics as adjunctive treatment in
patients with depression: a randomized clinical trial. JAMA Psychiatry. (2023) 80:842-7.
doi: 10.1001/jamapsychiatry.2023.1817

37.Zeng, J, Qiu, Y, Yang, C, Fan, X, Zhou, X, Zhang, C, et al. Cardiovascular diseases
and depression: a meta-analysis and Mendelian randomization analysis. Mol Psychiatry.
(2025) 30:4444. doi: 10.1038/s41380-025-03049-2

38.Jung, FU, Bleck, E Pabst, A, Schladitz, K, Luppa, M, Hussenoeder, FS, et al.
Depressive symptoms in individuals with overweight and obesity. Results from the LIFE-
adult-study. ] Affect Disord. (2025) 390:119792. doi: 10.1016/j.jad.2025.119792

39. Chen, D, Tam, WWS, Zhang, ], Lu, ], and Wu, VX. Association between the
inflammageing biomarkers and clinical outcomes amongst the community-dwelling
middle-aged and older adults: a systematic review and meta-analysis. Ageing Res Rev.
(2025) 110:102811. doi: 10.1016/j.arr.2025.102811

40. Misra, S, and Mohanty, D. Psychobiotics: a new approach for treating mental
illness? Crit Rev Food Sci Nutr. (2019) 59:1230-6. doi: 10.1080/10408398.2017.1399860

41. Song, X, Dou, X, Chang, J, Zeng, X, Xu, Q, and Xu, C. The role and mechanism of
gut-lung axis mediated bidirectional communication in the occurrence and development
of chronic obstructive pulmonary disease. Gut Microbes. (2024) 16:2414805. doi:
10.1080/19490976.2024.2414805

42.Song, W, Yue, Y, and Zhang, Q. Imbalance of gut microbiota is involved in the
development of chronic obstructive pulmonary disease: a review. Biomed Pharmacother.
(2023) 165:115150. doi: 10.1016/j.biopha.2023.115150

43.Lee, SH, Lee, JH, and Lee, SW. Application of microbiome-based therapies in
chronic respiratory diseases. ] Microbiol. (2024) 62:201-16. doi: 10.1007/
$12275-024-00124-1

44. Maina, G, Adami, M, Ascione, G, Bondi, E, de Berardis, D, Delmonte, D, et al.
Nationwide consensus on the clinical management of treatment-resistant depression in Italy:
a Delphi panel. Ann General Psychiatry. (2023) 22:48. doi: 10.1186/s12991-023-00478-7

45. Sarasso, P, Billeci, M, Ronga, I, Raffone, E Martiadis, V, and di Petta, G. Disembodiment
and affective resonances in Esketamine treatment of depersonalized depression subtype: two
case studies. Psychopathology. (2024) 57:480-91. doi: 10.1159/000539714

46. Martiadis, V, Pessina, E, Martini, A, Raffone, F, Besana, F, Olivola, M, et al.

Brexpiprazole augmentation in treatment resistant OCD: safety and efficacy in an Italian
sample. Psychiatr Danub. (2024) 36:396-401.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1669775
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1183/13993003.00239-2023
https://doi.org/10.1016/S2213-2600(17)30293-X
https://doi.org/10.1164/rccm.1991P1
https://doi.org/10.1016/S0140-6736(22)00470-6
https://doi.org/10.3238/arztebl.m2023.027
https://doi.org/10.1111/resp.12642
https://doi.org/10.1183/09059180.00007813
https://doi.org/10.1080/25310429.2024.2438553
https://doi.org/10.1016/j.jad.2024.02.022
https://doi.org/10.3390/nu15153408
https://doi.org/10.1093/jn/nxaa323
https://doi.org/10.3390/biom11071000
https://doi.org/10.3390/ijms24010142
https://doi.org/10.3389/fcimb.2024.1411222
https://doi.org/10.1093/jn/nxac074
https://doi.org/10.1016/j.tjnut.2023.11.032
https://doi.org/10.1186/s12885-025-13699-8
https://doi.org/10.3389/fnut.2025.1572178
https://doi.org/10.1016/j.jad.2024.09.127
https://doi.org/10.1096/fj.202500295R
https://doi.org/10.3389/fnut.2025.1606922
https://doi.org/10.1038/s41575-020-00390-5
https://doi.org/10.1016/j.clnu.2024.05.030
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.3389/fnut.2023.1031071
https://doi.org/10.3390/nu13020348
https://doi.org/10.1016/j.jad.2023.10.015
https://doi.org/10.1016/j.jad.2019.06.067
https://doi.org/10.15585/mmwr.mm6706a3
https://doi.org/10.1002/JPER.18-0183
https://doi.org/10.1002/JPER.17-0276
https://doi.org/10.1002/JPER.17-0276
https://doi.org/10.3389/fnut.2025.1525115
https://doi.org/10.1186/s12933-023-02115-9
https://doi.org/10.1016/j.redox.2024.103327
https://doi.org/10.1016/j.scitotenv.2024.174748
https://doi.org/10.1016/j.scitotenv.2024.174748
https://doi.org/10.1001/jamapsychiatry.2023.1817
https://doi.org/10.1038/s41380-025-03049-2
https://doi.org/10.1016/j.jad.2025.119792
https://doi.org/10.1016/j.arr.2025.102811
https://doi.org/10.1080/10408398.2017.1399860
https://doi.org/10.1080/19490976.2024.2414805
https://doi.org/10.1016/j.biopha.2023.115150
https://doi.org/10.1007/s12275-024-00124-1
https://doi.org/10.1007/s12275-024-00124-1
https://doi.org/10.1186/s12991-023-00478-7
https://doi.org/10.1159/000539714

	Association between live microbe intake and depression in COPD aged 40 years and older: evidence from NHANES 2005–2018
	1 Introduction
	2 Materials and methods
	2.1 Data and study participants
	2.2 Dietary live microbe intake
	2.3 Diagnosis of COPD
	2.4 Definition of depression
	2.5 Covariates
	2.6 Statistical analyses

	3 Results
	3.1 Participant characteristics
	3.2 Association between the intake of live microbe and depression
	3.3 Subgroup analysis and sensitivity analysis

	4 Discussion
	5 Conclusion

	References

