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Objective: The objective of this study was to investigate the potential association 
between dietary fiber intakes and the prevalence of chronic inflammatory airway 
diseases (CIAD), as well as mortality in participants with CIAD.

Methods: Data was collected from the National Health and Nutrition Examination 
Survey (NHANES) 2013–2018, with dietary fiber intakes being calculated as the 
average of two 24-h dietary reviews and divided into four groups. CIAD included 
self-reported asthma, chronic bronchitis, and chronic obstructive pulmonary 
disease (COPD). Through December 31, 2019, mortality was identified from the 
National Death Index. In cross-sectional studies, multiple logistic regressions were 
used to assess dietary fiber intakes associated with the prevalence of total and 
specific CIAD. Dose–response relationships were tested using restricted cubic 
spline regression. In prospective cohort studies, cumulative survival rates were 
calculated using the Kaplan–Meier method and compared using log-rank tests. 
Multiple COX regressions were used to assess dietary fiber intakes associated with 
mortality in participants with CIAD.

Results: A total of 12,276 adults were included in this analysis. The participants 
had a mean age of 50.70 ± 17.4 years and was 47.2% male. The prevalence of CIAD, 
asthma, chronic bronchitis, and COPD were 20.1, 15.2, 6.3, and 4.2%, respectively. 
The median daily consumption of dietary fiber was 15.1 [IQR 10.5, 21.1] g. After 
adjusting for all confounding factors, linear and negative associations were 
observed between dietary fiber intakes and the prevalence of total CIAD (OR = 0.68 
[0.58–0.80]), asthma (OR = 0.71 [0.60–0.85]), chronic bronchitis (OR = 0.57 [0.43–
0.74]) and COPD (OR = 0.51 [0.34–0.74]). In addition, the fourth quartile of dietary 
fiber intake levels remained significantly associated with a decreased risk of all-
cause mortality (HR = 0.47 [0.26–0.83]) compared to the first quartile.

Conclusion: Dietary fiber intakes were found to be correlated with the prevalence 
of CIAD, and higher dietary fiber intakes were associated with a reduced mortality 
in participants with CIAD.
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1. Introduction

Chronic inflammatory airway diseases (CIAD), including 
asthma, chronic bronchitis, and chronic obstructive pulmonary 
disease (COPD), have long been a major public health concern 
(1). With the emergence of industrialization, urbanization, and an 
aging population, the impact of air pollution, tobacco exposure, 
and unhealthy lifestyles on respiratory ailments has manifested 
gradually, with the incidence and mortality of many chronic 
respiratory diseases escalating annually. After cardiovascular 
diseases and cancers, chronic respiratory diseases were the third 
leading cause of death in 2017, accounting for 7.0% of all-cause 
mortality, with asthma and COPD being the most prevalent 
chronic respiratory diseases (1). In 2019, the global burden of 
disease reported that there were over 260 million poorly controlled 
asthma cases that resulted in 455,000 deaths (2). Additionally, 
COPD epidemic cases caused 3.3 million deaths out of a total of 
212.3 million cases (3). Chronic airway inflammation is one of the 
primary pathogenesis-related processes.

As awareness and research have increased, the importance of 
dietary fiber in the prevention of diseases has grown. Dietary fiber, 
which is an important nutrient and derived primarily from grains, 
fruits, and vegetables, is not broken down in the small intestine by 
endogenous hydrolytic enzymes and remains relatively intact in 
structure as it enters the colon, where it can be partially or fully 
fermented (4). Dietary fiber is divided into soluble fiber and 
insoluble fiber. Moreover, dietary fiber has been shown to regulate 
intestinal flora and possess anti-inflammatory properties (5). Due 
to its own unique properties, dietary fiber plays a critical role in 
preserving and promoting human health. Not only does it reduce 
the risk of numerous digestive disorders, such as esophageal cancer 
(6), inflammatory bowel disease (7), and colorectal cancer (8), but 
it also defends against other diseases, such as hypertension (9), 
diabetes (10), cardiovascular disease (11), and ovarian cancer (12). 
Though extensive research has been conducted on the protective 
effects of dietary fiber on a range of diseases, the association with 
lung disease has received less attention, and there are no clear and 
uniform conclusions (13).

Dietary fiber has anti-inflammatory and antioxidant properties, 
and may have a positive influence on CIAD (14, 15). A study 
indicated that a higher intake of total dietary fiber was associated 
with lower asthma prevalence and fewer asthma symptoms (16), 
and might diminish allergic reactions in the lungs (17). Another 
study suggested that a diet rich in fiber-containing foods might 
play a role in improving lung health (18). Additionally, higher 
dietary fiber intakes reduced the risk of COPD in current and 
former smokers, but not in never-smokers (19). Although studies 
have shown that higher fiber intakes reduced all-cause and cause-
specific mortality in different populations (20, 21), no research 
have reported an association between dietary fiber and mortality 
in patients with CIAD.

Using data from the National Health and Nutrition Examination 
Survey (NHANES) 2013–2018, this study examined the association 
between dietary fiber intake and the prevalence of CIAD (including 
asthma, chronic bronchitis, and COPD). In addition, we also analyzed 
the relationship between dietary fiber and mortality in participants 
with CIAD to provide scientific evidence and recommendations for 
the prevention and treatment of respiratory diseases.

2. Materials and methods

2.1. Study population

NHANES is a national status survey conducted by the National 
Center for Health Statistics to assess the health status of people in 
American communities over a two-year period (22). NHANES 
collects data from participants through two components: an 
interview and a health examination. The interview collects 
information including basic demographic characteristics, socio-
economic characteristics, dietary information, and disease history 
through a standardized questionnaire. The health examination is 
conducted by professional medical staff in a Mobile Examination 
Centre (MEC) and focuses on collecting basic physical and 
biochemical examinations and other medically relevant 
information. NHANES is a publicly available database that allows 
researchers worldwide to freely access relevant survey data for 
research analysis. The National Center for Health Statistics (NCHS) 
Research Ethics Review Board approved the research protocols, 
and all participants gave informed consent.

In this study, we  analyzed data from NHANES 2013–2018. 
We used participants aged >18 years with two validated 24-h dietary 
fiber recall data. Participants who were pregnant, lacking data for 
assessment of CIAD, had an extreme energy intake (men: >4,200 
or < 800 kcal/day; women: >3,500 or < 500 kcal/day) (23), and had no 
follow-up information were excluded.

2.2. Assessment of dietary fiber

Through two 24-h dietary recalls, two dietitians collected dietary 
intake data from the participants. The first dietary recall interview was 
conducted in MEC. The second dietary recall information was 
collected by telephone interview 3–10 days later. The dietary data 
collected from the two 24-h dietary reviews were combined with data 
from the United States Department of Agriculture (USDA) Food and 
Nutrition Database to calculate the daily intake of food and various 
nutrients for the participants (24). In this study, daily dietary fiber 
intakes (g/day) were calculated as the average of two 24-h dietary 
reviews and divided into four groups according to quartiles.

2.3. Assessment of chronic inflammatory 
airway diseases

In this study, CIAD included self-reported asthma, chronic 
bronchitis, and COPD. On the questionnaire, participants were asked 
if they had been told by a doctor or other medical practitioner that 
you have or have had asthma, chronic bronchitis, or COPD, and those 
who answered “yes” were defined as participants with this disease.

2.4. Assessment of mortality

In prospective cohort studies, study participants who had died 
were identified by linkage to the National Death Index (NDI). As of 
December 31st, 2019, we obtained all-cause mortality records for 
participants via the 2019 Linked Mortality File (LMF), which reports 
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the latest associations made between selected NCHS surveys and 
the NDI.

2.5. Covariates

Information regarding participants’ baseline data was 
collected through questionnaires and laboratory tests, including 
age (18–39, 40–59, or ≥ 60 years), gender (male or female), 
educational attainment (below high school, high school, or above 
high school), race/ethnicity (Mexican American, other Hispanic, 
non-Hispanic white, non-Hispanic black, or other race), and body 
mass index (<25.0, 25.0–29.9, or > 29.9 kg/m2). Income was 
measured using the poverty-income ratio (PIR; the ratio of family 
income divided by a poverty threshold specific for family size 
using guidelines from the US Department of Health and Human 
Services) and categorized as ≤1.0, 1.1–3.0, and > 3.0 (25). Never 
smokers were identified as those who reported smoking <100 
cigarettes over the course of their lifetime. Those who smoked 
>100 cigarettes in their lifetime were classified as current smokers, 
and those who smoked >100 cigarettes and had quit smoking were 
labeled as former smokers (26). Drinking status was classified as 
nondrinker, low-to-moderate drinker (<2 drinks/day in men 
and < 1 drink/day in women), or heavy drinker (≥2 drinks/day in 
men and ≥ 1 drinks/day in women) (26). Physical activity was 
divided into three groups: inactive (no leisure-time physical 
activity), insufficiently active [moderate activity 1–5 times per 
week with metabolic equivalents (MET) 3–6 or vigorous activity 
1–3 times per week with MET >6], and active (those who had 
more moderate or vigorous activity than the previously 
mentioned) (26, 27).

2.6. Statistical analysis

The categorical variables were represented numerically 
(percentages). In order to normalize their distributions, the 
dietary fiber intake levels were log-transformed. Missing values 
for covariates were filled using the imputation approach, which 
was based on a “mice” package of the Random Forest algorithm. 
We  performed all statistical analyses using R software 
(version 4.2.0).

In cross-sectional studies, multiple logistic regression model 
was employed to ascertain the adjusted odds ratios (ORs) and 95% 
confidence intervals (CIs) of the association between quartiles of 
dietary fiber intake levels and the prevalence of total and specific 
CIAD. To further explore the dose–response curves of this 
association, restricted cubic spline regression analysis was 
conducted with knots set at the 10th, 50th, and 90th percentiles 
of dietary fiber intake levels. Additionally, stratified analyses were 
conducted across numerous subgroups. In prospective cohort 
studies, using the Kaplan–Meier method, cumulative survival 
rates were calculated and log-rank tests were utilized to compare 
the survival rates between four groups of participants, which were 
divided based on the quartiles of dietary fiber intake levels. 
Additionally, multiple COX regressions were implemented to 
calculate adjusted hazard ratios (HRs) and 95% CIs in relation to 
mortality of participants with CIAD.

3. Results

3.1. Characteristics of study participants

Between 2013 and 2018, 29,400 participants participated in the 
NHANES, of which 8,597 lacked data on two valid 24-h dietary fiber 
recalls. Subsequently, we  removed participants younger than 18 
(n = 7,312), those who were pregnant (n = 150), those who lacked data 
on CIAD assessment (n = 669), and those who had excessive energy 
consumption (n = 396), leaving 12,276 eligible participants, of whom 
9,813 had non-CIAD and 2,463 participants with CIAD. In addition, 
the five participants with CIAD whom we failed to interview were 
excluded, resulting in a total of 2,458 participants with CIAD for 
survival analysis (Figure 1).

Table 1 displays the baseline characteristics of the quartiles of 
dietary fiber intake levels for adult participants in the NHANES 2013–
2018. The study population had a mean age of 50.70 ± 17.4 years, was 
47.2% male, and was mainly non-Hispanic white (39.3%). The 
prevalence of CIAD, asthma, chronic bronchitis, and COPD were 20.1, 
15.2, 6.3, and 4.2%, respectively. The median daily consumption of 
dietary fiber was 15.1 [IQR 10.5, 21.1] g. Compared to the 3,060 
participants in the first quartile of dietary fiber levels, the 3,072 
participants in the fourth quartile were more likely to be young to 
middle-aged males, to have higher education and income levels, to 
be low-to-moderate drinkers, non-smokers, physically active, to have 
a higher energy intake, and to have a lower prevalence of CIAD, 
asthma, chronic bronchitis, and COPD.

3.2. Associations between dietary fiber 
intakes and the prevalence of CIAD

In cross-sectional studies, dietary fiber intake levels were classified 
into quartiles, with the lowest quartile being the reference category, 
and assessed for their association with the prevalence of total and 
specific CIAD (Table  2). The crude model revealed a negative 
correlation between dietary fiber intake quartiles and the prevalence 
of both total and specific CIAD. After adjusting for age, sex, and race, 
this relationship remained statistically significant. Compared to the 
reference quartile, the dietary fiber intake in the second, third and 
fourth quartiles in Model 2 was associated with the prevalence of total 
CIAD, asthma and COPD. The association between dietary fiber 
intake and COPD was attenuated, but dietary fiber intake in the third 
and fourth quartiles was still associated with the prevalence of 
COPD. After correcting for all confounding factors, we found that 
dietary fiber intake levels in the fourth quartile were significantly 
associated with a lower prevalence of total CIAD (OR = 0.68 [0.58–
0.80]), asthma (OR = 0.71 [0.60–0.85]), chronic bronchitis (OR = 0.57 
[0.43–0.74]) and COPD (OR = 0.51 [0.34–0.74]) compared to the 
lowest quartile. In addition, the linear and negative associations were 
observed between dietary fiber intake levels and the prevalence of 
CIAD (P for nonlinearity = 0.909, Figure  2A), asthma (P for 
nonlinearity = 0.723, Figure 2B), bronchitis (P for nonlinearity = 0.371, 
Figure  2C) and COPD (P for nonlinearity = 0.097, Figure  2D). 
Stratified analysis showed no significant interaction between dietary 
fiber intakes and any strata variables (age, sex, race, education level, 
family PIR, smoking status, BMI, and physical activity) with the 
prevalence of CIAD (Table  3). In addition, we  found a negative 
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correlation between dietary carotenoid intake levels and inflammatory 
markers (including, CRP, leukocyte count, neutrophil count, Table 4).

3.3. Associations between dietary fiber 
intakes and mortality among adults with 
CIAD

In prospective cohort studies, over a median follow-up of 
3.83 years, there were 175 (7.10%) all-cause deaths among 2,458 adults 
with CIAD. Kaplan–Meier showed that across quartiles of dietary fiber 
intake levels, participants in the highest quartile had the lowest risk of 
all-cause death (log-rank test p = 0.034; Figure 3). After multivariate 
adjustment, the fourth quartile remained significantly associated with 
an increased risk of all-cause mortality (HR = 0.47, 95% CI 0.26–0.83) 
compared with the first quartile of dietary fiber intake levels (Table 5). 
In addition, the linear associations were observed between dietary 
fiber intake levels and the risk of all-cause mortality (P for 
nonlinearity = 0.327, Figure 4).

4. Discussion

Using data from the NHANES 2013–2018, we investigated the 
relationship between dietary fiber intakes and the prevalence of total 
and specific CIAD (asthma, chronic bronchitis, and COPD) as well as 
all-cause mortality in adults with CIAD. Results indicated that 
participants in the fourth quartile of dietary fiber intakes were 
significantly associated with a lower prevalence of total and specific 
CIAD (including asthma, chronic bronchitis, and COPD) after 
adjustments for all confounders. Moreover, greater dietary fiber 
intakes reduced all-cause mortality in individuals with CIAD.

Research has demonstrated that low dietary fiber consumption is 
associated with decreased lung function, and a diet with high dietary 
fiber content may improve lung health (28). This is in line with the 
findings of Andrianasolo et al. (29), who observed that both soluble 
and insoluble dietary fiber, either derived from fruits or vegetables, 
were negatively linked to asthma symptom scores. Additionally, their 
results showed that the odds ratio (OR) for the highest quartile of total 

FIGURE 1

Flowchart of the study participants.
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TABLE 1 Characteristics of adult participants with available data on dietary fiber intakes in NHANES 2013–2018.

Characteristics Total Quartiles of dietary fiber intake levels, g/day p-value

<10.5 10.5–15.0 15.1–21.1 >21.1

Participants 12,276 3,060 3,076 3,068 3,072

Age, years <0.001

18–39 3,753 (30.6) 998 (32.6) 995 (32.3) 884 (28.8) 876 (28.5)

40–59 4,132 (33.7) 1,038 (33.9) 946 (30.8) 1,043 (34.0) 1,105 (36.0)

≥60 4,391 (35.8) 1,024 (33.5) 1,135 (36.9) 1,141 (37.2) 1,091 (35.5)

Male, % 5,792 (47.2) 1,160 (37.9) 1,353 (44.0) 1,474 (48.0) 1805 (58.8) <0.001

Race/ethnicity, % <0.001

Mexican American 1713 (14.0) 246 (8.0) 323 (10.5) 450 (14.7) 694 (22.6)

Other Hispanic 1,262 (10.3) 299 (9.8) 309 (10.0) 311 (10.1) 343 (11.2)

Non-Hispanic White 4,825 (39.3) 1,225 (40.0) 1,280 (41.6) 1,276 (41.6) 1,044 (34.0)

Non-Hispanic Black 2,683 (21.9) 935 (30.6) 761 (24.7) 590 (19.2) 397 (12.9)

Other race 1793 (14.6) 355 (11.6) 403 (13.1) 441 (14.4) 594 (19.3)

Education level, % <0.001

Below high school 2,309 (18.8) 663 (21.7) 523 (17.0) 520 (16.9) 603 (19.6)

High school 2,816 (22.9) 865 (28.3) 776 (25.2) 668 (21.8) 507 (16.5)

Above high school 7,151 (58.3) 1,532 (50.1) 1777 (57.8) 1880 (61.3) 1962 (63.9)

Family income-to-poverty ratio, % <0.001

≤1.0 2,459 (20.7) 832 (28.3) 633 (21.2) 495 (16.7) 499 (16.7)

1.1–3.0 4,801 (40.4) 1,270 (43.2) 1,237 (41.4) 1,221 (41.1) 1,073 (36.0)

>3.0 4,619 (38.9) 835 (28.4) 1,121 (37.5) 1,254 (42.2) 1,409 (47.3)

Smoking status, % <0.001

Never smoker 7,057 (57.5) 1,513 (49.4) 1748 (56.8) 1842 (60.0) 1954 (63.6)

Former smoker 2,997 (24.4) 669 (21.9) 740 (24.1) 786 (25.6) 802 (26.1)

Current smoker 2,222 (18.1) 878 (28.7) 588 (19.1) 440 (14.3) 316 (10.3)

Drinking status, % <0.001

Nondrinker 3,049 (24.8) 768 (25.1) 745 (24.2) 767 (25.0) 769 (25.0)

Low-to-moderate drinker 8,352 (68.0) 2000 (65.4) 2,100 (68.3) 2,110 (68.8) 2,142 (69.7)

Heavy drinker 875 (7.1) 292 (9.5) 231 (7.5) 191 (6.2) 161 (5.2)

Body mass index, kg/m2 <0.001

<25.0 3,270 (26.6) 755 (24.7) 798 (25.9) 802 (26.1) 915 (29.8)

25.0–29.9 3,920 (31.9) 913 (29.8) 887 (28.8) 1,035 (33.7) 1,085 (35.3)

>29.9 5,086 (41.4) 1,392 (45.5) 1,391 (45.2) 1,231 (40.1) 1,072 (34.9)

Physical activity, % <0.001

Inactive 3,150 (25.7) 960 (31.4) 862 (28.0) 728 (23.7) 600 (19.5)

Insufficiently active 3,985 (32.5) 925 (30.2) 1,022 (33.2) 1,041 (33.9) 997 (32.5)

Active 5,141 (41.9) 1,175 (38.4) 1,192 (38.8) 1,299 (42.3) 1,475 (48.0)

Energy intake, kcal/day 1884.5 [1454.9, 

2411.0]

1418.3 [1103.5, 

1807.1]

1781.3 [1438.0, 

2194.0]

2025.8 [1644.5, 

2484.9]

2377.3 [1928.0, 

2888.0]

<0.001

Chronic inflammatory airway 

diseases, %

2,463 (20.1) 793 (25.9) 634 (20.6) 565 (18.4) 471 (15.3) <0.001

Asthma, % 1863 (15.2) 590 (19.3) 467 (15.2) 429 (14.0) 377 (12.3) <0.001

Chronic bronchitis, % 775 (6.3) 295 (9.6) 203 (6.6) 158 (5.1) 119 (3.9) <0.001

Chronic obstructive pulmonary 

disease, %

515 (4.2) 197 (6.4) 150 (4.9) 103 (3.4) 65 (2.1) <0.001

Continuous variables without a normal distribution are presented as medians (interquartile ranges). Categorical variables are presented as numbers (percentages).
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dietary fiber compared to the lowest quartile was 0.73 (95% CI 0.67–
0.79) in women and 0.63 (95% CI 0.55–0.73) in men. Furthermore, 
numerous studies indicate that a higher intake of dietary fiber can 
reduce the risk of COPD (30, 31). Kaluza et  al. summarized the 
outcomes of cohort studies on the association between dietary fiber 
intake and the risk of COPD in men and women, respectively (19, 32). 
They concluded that long-term high dietary fiber intake lowered the 
risk of COPD in both genders, which is consistent with our results. 
However, in the study by Kaluza, the protective effect of increased 
high-dietary fiber intake on the risk of COPD in never smokers did 
not achieve statistical significance, and high-dose dietary fiber intake 
notably reduced the risk of COPD in former and current smokers. 
Our stratified analysis did not reveal the above associations, likely due 
to the limited number of COPD cases included in the study, leading 
to inconclusive results.

Globally, one of the dietary risk factors for death is inadequate 
intake of whole grains, fruits, and vegetables (33). Whole grains, fresh 
fruits, and vegetables are the main sources of dietary fiber (34). 
According to the World Health Organization, the global average daily 
intake of dietary fiber is about 17 g, which is below the recommended 
25 g/day. In this study, 1867 (60.8%) of individuals in Q4 meet this 
recommendation. Our findings suggest that a significant proportion 
of individuals may not be  meeting this recommendation, which 
highlights the need for interventions to promote healthy dietary habits 
and increase fiber intake. Recent evidence also implies a potential 
inverse relationship between total dietary fiber intake and all-cause or 
cause-specific mortality (35–38). These investigations focused on 
analyzing the association between dietary fiber intake and the risk of 
all-cause, cardiovascular disease, diabetes, and cancer mortality in the 

general population. Nonetheless, no studies have investigated the 
effect of dietary fiber intake on the risk of all-cause mortality in 
patients with CIAD. In our study, those in the highest quartile of 
dietary fiber intake levels had the lowest risk of all-cause death, and 
the fourth quartile remained significantly related to a decreased risk 
of all-cause mortality compared with the first quartile of dietary fiber 
intake levels. This suggests that a suitable increment in dietary fiber 
intake may reduce the risk of all-cause mortality in individuals 
with CIAD.

Studies have demonstrated that the microbial metabolites derived 
from dietary fiber, such as anti-inflammatory short-chain fatty acids 
(SCFAs), can lessen the inflammatory effect in the lungs (39). In the 
initial investigation by Halnes et al. on the acute responses of soluble 
fiber on airway inflammation in asthma, alterations in expressions of 
the free fatty acid receptor gene were observed (40). The results 
revealed that, in comparison with the placebo group, a single intake 
of soluble fiber was efficacious in bringing down airway inflammation, 
which corresponded with an increase in SCFAs concentrations in 
blood and an upregulation of GRP41 and GPR43 expression. In a 
subsequent study of allergic airway disease, Trompette et al. discovered 
that a fiber-rich diet modified the composition of the intestinal 
microbiota by elevating the proportion of Bacteroidetes and 
Bifidobacteria and influenced the production of SCFAs (41). 
Additionally, dietary fiber is thought to enhance the gut barrier, acting 
as a physical and chemical barrier, thus reducing the release of 
inflammatory mediators into the bloodstream that can affect the lungs 
(42). Furthermore, certain dietary fiber, such as those found in oats, 
barley, and psyllium, may directly reduce inflammation in the lungs. 
This is thought to occur by reducing the production of 

TABLE 2 ORs (95% CIs) of the prevalence of chronic inflammatory airway diseases (CIAD) according to quartiles of dietary fiber intake levels among 
adults in NHANES 2013–2018 (n = 12,276).

Dietary fiber intake levels, g/day

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend

CIAD

Crude 1 [Reference] 0.75 (0.67–0.85) 0.65 (0.57–0.73) 0.52 (0.46–0.59) <0.001

Model 1 1 [Reference] 0.76 (0.68–0.86) 0.68 (0.60–0.77) 0.60 (0.52–0.68) <0.001

Model 2 1 [Reference] 0.81 (0.71–0.92) 0.76 (0.66–0.87) 0.68 (0.58–0.80) <0.001

Asthma

Crude 1 [Reference] 0.76 (0.66–0.87) 0.69 (0.60–0.79) 0.59 (0.51–0.68) <0.001

Model 1 1 [Reference] 0.79 (0.69–0.90) 0.74 (0.65–0.85) 0.69 (0.60–0.80) <0.001

Model 2 1 [Reference] 0.80 (0.69–0.93) 0.77 (0.66–0.90) 0.71 (0.60–0.85) <0.001

Chronic bronchitis

Crude 1 [Reference] 0.65 (0.54–0.79) 0.50 (0.41–0.61) 0.38 (0.30–0.47) <0.001

Model 1 1 [Reference] 0.66 (0.54–0.79) 0.51 (0.41–0.62) 0.43 (0.34–0.54) <0.001

Model 2 1 [Reference] 0.76 (0.62–0.93) 0.63 (0.50–0.80) 0.57 (0.43–0.74) <0.001

COPD

Crude 1 [Reference] 0.75 (0.60–0.93) 0.50 (0.39–0.63) 0.32 (0.24–0.42) <0.001

Model 1 1 [Reference] 0.68 (0.54–0.84) 0.43 (0.33–0.55) 0.29 (0.21–0.39) <0.001

Model 2 1 [Reference] 0.89 (0.68–1.17) 0.63 (0.46–0.87) 0.51 (0.34–0.74) <0.001

Model 1 was adjusted for age (18–39, 40–59, or ≥ 60), sex (male or female), and race (Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black, or Other). 
Model 2 was adjusted for Model 1 plus education level (below high school, high school, or above high school), family income-to-poverty ratio (≤1.0, 1.1–3.0, or > 3.0), smoking status (never 
smoker, former smoker, or current smoker), drinking status (nondrinker, low-to-moderate drinker, or heavy drinker), BMI (<25.0, 25.0–29.9, or > 29.9), energy intake levels (in quartiles), 
physical activity (inactive, insufficiently active, or active).
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pro-inflammatory molecules and increasing the production of anti-
inflammatory molecules (43). Finally, dietary fiber can help to reduce 
oxidative stress and provide protection against air pollution, which 
may in turn help to reduce the risk of chronic inflammatory airway 
disease (44, 45).

The major advantage of this study is its large, representative 
sample, which enabled us to discover the association between dietary 
fiber intakes and the prevalence of total and specific CIAD and 
all-cause mortality in adults. Second, our study adjusted for the 
primary factors affecting lung function during the analysis, including 
age, smoking, BMI, physical activity, and other confounding factors. 
After adjusting for all confounders, our findings remained relatively 
stable. Third, our study used the RCS model to assess the 

dose–response association between dietary fiber intakes and CIAD, 
and a linear association was found among them. Finally, in contrast to 
previous studies, we analyzed the association between dietary fiber 
intakes and the risk of all-cause mortality in participants with CIAD.

This study has several limitations. First, this study is essentially an 
observational study and hence cannot establish causality. Second, 
dietary data collected by the 24-h dietary recall method may be subject 
to recall bias. There were no uniform diagnostic criteria for CIAD and 
no detailed disease information in the included studies. Moreover, the 
data were collected from the self-reported questionnaires, which are 
more prone to biases and should also be interpreted with caution. 
Third, the results of studies on the association between dietary fiber 
intake and the prevalence of three lung diseases were adjusted for age, 

FIGURE 2

Restricted cubic spline analyses the association of dietary fiber intake levels and the prevalence of total and specific chronic inflammatory airway 
diseases (CIAD) (A), including asthma (B), chronic bronchitis (C), and COPD (D). Adjusted for age (18–39, 40–59, or ≥ 60), sex (male or female), and race 
(Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black, or Other), education level (below high school, high school, or above 
high school), family income-to-poverty ratio (≤1.0, 1.1–3.0, or > 3.0), smoking status (never smoker, former smoker, or current smoker), drinking status 
(nondrinker, low-to-moderate drinker, or heavy drinker), BMI (<25.0, 25.0–29.9, or > 29.9), energy intake levels (in quartiles), and physical activity 
(inactive, insufficiently active, or active).
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TABLE 4 Multiple linear regression associations of dietary fiber intake levels with inflammatory markers in adults.

Outcomes β (95%CI) P-value

C-reactive protein −0.212 (−0.268, −0.156) <0.001

White blood cell count −0.022 (−0.033, −0.010) <0.001

Neutrophil count −0.029 (−0.044, −0.014) <0.001

Lymphocyte count 0.011 (−0.003, 0.024) 0.127

Continuous dietary fiber intake levels and inflammatory markers were log-transformed. 
Model was adjusted as age (18–39, 40–59, or ≥ 60), sex (male or female), race (Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black or Other), education level 
(below high school, high school, or above high school), family income-to-poverty ratio (≤1.0, 1.1–3.0, or > 3.0), smoking status (never smoker, former smoker, or current smoker), 
drinking status (nondrinker, low-to-moderate drinker, or heavy drinker), BMI (<25.0, 25.0–29.9, or > 29.9), energy intake levels (in quartiles), physical activity (inactive, insufficiently 
active, or active).

TABLE 3 Stratified analyses of the associations between quartiles of dietary fiber intake levels and the prevalence of chronic inflammatory airway 
diseases (CIAD) in NHANES 2013–2018.

Subgroups N Dietary fiber intake levels, g/day Pinteraction

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Age, years

18–39 3,753 1 [Reference] 0.75 (0.59–0.95) 0.78 (0.60–1.01) 0.62 (0.46–0.83)

0.70440–59 4,132 1 [Reference] 0.80 (0.63–1.01) 0.70 (0.55–0.91) 0.72 (0.54–0.95)

≥60 4,391 1 [Reference] 0.84 (0.68–1.04) 0.77 (0.61–0.97) 0.68 (0.53–0.89)

Sex, %

Male 5,792 1 [Reference] 0.73 (0.59–0.90) 0.71 (0.57–0.88) 0.64 (0.51–0.81)
0.767

Female 6,484 1 [Reference] 0.85 (0.72–1.01) 0.78 (0.65–0.94) 0.69 (0.55–0.86)

Race, %

Non-Hispanic White 4,825 1 [Reference] 0.87 (0.71–1.05) 0.78 (0.63–0.96) 0.83 (0.65–1.05)
0.075

Other 7,451 1 [Reference] 0.74 (0.62–0.88) 0.71 (0.59–0.86) 0.53 (0.43–0.65)

Education level, %

Below high school 2,309 1 [Reference] 0.82 (0.61–1.10) 0.55 (0.39–0.78) 0.58 (0.40–0.86)

0.125High school 2,816 1 [Reference] 0.80 (0.62–1.04) 0.84 (0.63–1.11) 0.70 (0.50–0.99)

Above high school 7,151 1 [Reference] 0.81 (0.68–0.97) 0.79 (0.66–0.96) 0.70 (0.57–0.86)

Family PIR, %

≤1.0 2,459 1 [Reference] 0.84 (0.65–1.09) 0.75 (0.56–1.02) 0.66 (0.47–0.93)

0.7101.1–3.0 4,801 1 [Reference] 0.81 (0.66–0.99) 0.72 (0.58–0.90) 0.60 (0.46–0.77)

>3.0 4,619 1 [Reference] 0.77 (0.60–0.97) 0.79 (0.62–1.01) 0.74 (0.56–0.96)

Smoking status, %

Never smoker 7,057 1 [Reference] 0.89 (0.73–1.07) 0.87 (0.71–1.07) 0.77 (0.62–0.97)

0.257Former smoker 2,997 1 [Reference] 0.74 (0.58–0.96) 0.59 (0.45–0.78) 0.52 (0.38–0.70)

Current smoker 2,222 1 [Reference] 0.79 (0.61–1.02) 0.80 (0.59–1.08) 0.76 (0.53–1.10)

Body mass index, kg/m2

<25.0 3,270 1 [Reference] 0.81 (0.61–1.06) 0.67 (0.50–0.90) 0.57 (0.41–0.80)

0.84025.0–29.9 3,920 1 [Reference] 0.73 (0.57–0.95) 0.79 (0.61–1.02) 0.65 (0.49–0.87)

>29.9 5,086 1 [Reference] 0.83 (0.69–0.99) 0.77 (0.62–0.94) 0.73 (0.58–0.93)

Physical activity, %

Inactive 3,150 1 [Reference] 1.02 (0.80–1.29) 0.9 (0.69–1.18) 0.76 (0.55–1.06)

0.396Insufficiently active 3,985 1 [Reference] 0.72 (0.57–0.91) 0.65 (0.50–0.83) 0.63 (0.47–0.83)

Active 5,141 1 [Reference] 0.72 (0.58–0.89) 0.73 (0.58–0.91) 0.63 (0.50–0.81)

Analyses were adjusted for covariates age (18–39, 40–59, or ≥ 60), sex (male or female), and race (Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black, or Other), 
education level (below high school, high school, or above high school), family income-to-poverty ratio (≤1.0, 1.1–3.0, or > 3.0), smoking status (never smoker, former smoker, or current 
smoker), drinking status (nondrinker, low-to-moderate drinker, or heavy drinker), BMI (<25.0, 25.0–29.9, or > 29.9), energy intake levels (in quartiles), and physical activity (inactive, 
insufficiently active, or active) when they were not the strata variables.
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sex, smoking status, and other confounding factors, but there may 
be unknown confounding factors affecting the results of the analyses. 
Fourth, although we  considered the effect of smoke exposure on 
respiratory disease, we did not specifically quantify the amount of 
smoke exposure, such as how many packs of cigarettes smoked per 
year or serum cotinine concentrations, but simply reflected smoke 
exposure by classifying smokers (never smoker, former smoker, or 

current smoker). Finally, dietary fiber is divided into soluble fiber and 
insoluble fiber, and the two types of fiber may have different effects on 
the risk of disease. Due to the limited availability of data, we were 
unable to analyze them separately.

5. Conclusion

Our findings suggested that higher dietary fiber intakes were 
associated with a lower prevalence of CAID (including asthma, chronic 
bronchitis, and COPD). Among participants with CAID, higher dietary 
fiber intakes were associated with a reduced risk of all-cause mortality.

Data availability statement

Publicly available datasets were analyzed in this study. This 
data can be found here: https://www.cdc.gov/nchs/nhanes/search/
default.aspx.

Ethics statement

Detailed methods and protocols for the NHANES study were 
approved by the CDC/NCHS Research Ethics Review Board. They are 
publicly available through the CDC.gov website; this includes 
informed consent procedures for all participants. All methods in this 
study were performed according to the relevant guidelines and 
regulations. This study was exempt from human subject ethical review 
as the data are freely available in the public domain.

FIGURE 3

Kaplan–Meier survival curves for all-cause mortality in adults with 
chronic inflammatory airway diseases (CIAD) grouped by quartiles of 
dietary fiber intake levels. Quartiles of dietary fiber intake levels 
were < 9.21, 9.21–13.55, 13.56–19.10, and > 19.10 g/day, respectively.

TABLE 5 HRs (95% CIs) of all-cause mortality according to quartiles of 
dietary fiber intake levels among adults with chronic inflammatory airway 
diseases (CIAD) in NHANES 2013–2018 (n = 2,458).

Quartiles of dietary fiber intake levels, 
g/day

<9.21 9.21–
13.55

13.56–
19.10

>19.10 Ptrend

No. 

deaths/

total

54/615 44/616 45/616 32/611

Crude 1 [Reference]

0.76 

(0.51–

1.14)

0.82 (0.55–

1.21)

0.52 (0.34–

0.81)
0.008

Model 1 1 [Reference]

0.70 

(0.47–

1.04)

0.73 (0.49–

1.09)

0.46 (0.29–

0.72)
0.001

Model 2 1 [Reference]

0.63 

(0.41–

0.97)

0.70 (0.44–

1.12)

0.47 (0.26–

0.83)
0.020

Model 1 was adjusted for age (18–39, 40–59, or ≥ 60), sex (male or female), and race 
(Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black or Other). 
Model 2 was adjusted for Model 1 plus education level (below high school, high school, or 
above high school), family income-to-poverty ratio (≤1.0, 1.1–3.0, or > 3.0), smoking status 
(never smoker, former smoker, or current smoker), drinking status (nondrinker, low-to-
moderate drinker, or heavy drinker), BMI (<25.0, 25.0–29.9, or > 29.9), energy intake levels 
(in quartiles), physical activity (inactive, insufficiently active, or active).

FIGURE 4

Restricted cubic spline analyses the association of dietary fiber intake 
levels and the risk of all-cause mortality. Adjusted for age (18–39, 
40–59, or ≥ 60), sex (male or female), and race (Mexican American, 
Other Hispanic, Non-Hispanic White, Non-Hispanic Black, or Other), 
education level (below high school, high school, or above high 
school), family income-to-poverty ratio (≤1.0, 1.1–3.0, or > 3.0), 
smoking status (never smoker, former smoker, or current smoker), 
drinking status (nondrinker, low-to-moderate drinker, or heavy 
drinker), BMI (<25.0, 25.0–29.9, or > 29.9), energy intake levels (in 
quartiles), and physical activity (inactive, insufficiently active, or active).
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