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This study aimed to detect dietary fiber intake and its association with nonfatal
cardiovascular/cerebrovascular events (myocardial infarction and stroke) in adults in
the United States. This cross-sectional study obtained data from the 2011-2018
National Health and Nutrition Examination Survey database. Using multivariate
logistic regression, we compared dietary fiber intake across demographics and
detected an association between dietary fiber intake and patient-reported nonfatal
myocardial infarction and/or stroke events. We enrolled 8,872 participants (mean
dietary fiber intake, 17.38 £ 0.22 g/day). The weighted prevalence of nonfatal
cardiovascular/cerebrovascular events was 5.36%, which decreased with higher
dietary fiber intake (nonfatal cardiovascular/cerebrovascular events: Tertile1, 6.50%;
Tertile2, 5.45%; Tertile3, 4.25%). Higher fiber intake indicated a stable negative
association with nonfatal cardiovascular/cerebrovascular events in the multivariate
logistic regression analysis, weighted generalized additive model, and smooth curve
fitting. Interaction tests showed no significant effect of demographic, socioeconomic,
and disease status on the association between dietary fiber intake and nonfatal
cardiovascular/cerebrovascular events. Dietary fiber intake was far below the
recommended amount. Higher dietary fiber intake was associated with a lower
prevalence of nonfatal cardiovascular/cerebrovascular events.

Keywords: dietary fiber, stroke, myocardial infarction, cross-sectional study, NHANES

INTRODUCTION

Cardiovascular and cerebrovascular diseases remain the major cause of death in the United States,
and stroke and myocardial infarction (MI) are major cardiovascular and cerebrovascular disease
events (1-3). Stroke and MI account for ~25 and 16.5% of cases of mortality from cardiovascular
and cerebrovascular diseases, respectively. Stroke and MI are life-threatening conditions that
account for more than 800,000 deaths annually in the United States, which makes them important
public health issues. The estimated annual cost of stroke and MI management is ~$18 billion
and $11.5 billion, respectively in the United States, which has a significant socioeconomic impact
and burdens the healthcare system (4, 5). Therefore, it is necessary to identify preventable and
controllable factors to reduce the incidence of cardiovascular and cerebrovascular diseases.
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Dietary fiber is a type of carbohydrate that cannot be digested
by endogenic digestive enzymes in the human body. It is
recommended that dietary fiber intake be increased to confer
beneficial health effects to humans (6). Observational studies
and randomized control trials have found that increased dietary
fiber intake contributes to lowering blood total cholesterol,
low-density lipoprotein cholesterol, lipids, metabolic syndrome,
glucose, and hypertension, which are known risk factors for
cardiovascular and cerebrovascular diseases (7-12). Several
cohort studies have revealed the benefits of dietary fiber
in reducing the risk of cardiovascular and cerebrovascular
diseases, including hemorrhagic stroke, ischemic stroke,
and coronary heart disease (13-17). However, over the last
decades, studies regarding dietary fiber with large sample
sizes from the United States were limited and did not fully
investigate the potential demographic and socioeconomic
disparities and its effect on the correlation between dietary
fiber intake and cardiovascular and cerebrovascular diseases
among diverse ethnic groups. Moreover, our eating habits
have changed greatly, and more ultra-processed foods that
lack dietary fiber are being consumed from the last few
decades. Therefore, the beneficial effect of dietary fiber on
cardiovascular and cerebrovascular diseases needs to be
reassessed. Hence, we conducted a large cross-sectional study
to detect the potential association between dietary fiber

intake and cardiovascular and cerebrovascular diseases,
based on surveillance data from the National Health
and Nutrition Examination Survey (NHANES) 2011-

2018. We hypothesized that increased dietary fiber intake
would be associated with a lower prevalence of nonfatal
cardiovascular/cerebrovascular events.

MATERIALS AND METHODS

Study Population

We obtained data from the NHANES database, conducted
by the National Center for Health Statistics of the Centers
for Disease Control and Prevention of the United States,
to evaluate the health and nutrition of the US population.
A stratified multistage probability sampling method was
adopted to achieve the representativeness of Americans.
The NHANES begins with an at-home interview in
which trained staff asks questions and automated data
are collected. Subsequently, all of the participants visit a
mobile examination clinic (MEC), where qualified personnel
gather anthropometric data and biological samples. For this
analysis, four cycles of NHANES (2011-2012, 2013-2014,
2015-2016, 2017-2018) with independent samples
utilized to accumulate an appropriate sample size. Individuals
were excluded if they were younger than 18 years (n =
15,331) or responded with missing values for key analysis
variables. The inclusion criteria in this study are summarized
in the flowchart shown in Figure 1. The total number of
individuals with missing variables for each study year is shown
in Supplementary Figure S1, with no significant differences
between them.

were

| NHANES 2011-2018 (N=39156) |

>]Age<18 N=15331 |

| N=23825 ]

Demographic
N PIR unavailable or missing (N=2528)
Educational level unavailable or missing (N=1071)

Material status unavailable or missing (N=6)

| N=20220 ]

Examination & Laboratory

BMI unavailable or missing (N=993)

~>]Blood pressure unavailable or missing (N=2008)
Glucose/Cholesterol/Triglycerides/HDL

/Glycohemoglobin unavailable or missing (N=996)

| N=16223 ]

Questionnaire

Vigorous activity unavailable or missing (N=6590)
—>] Diabetes/hypertension/Hypercholesteremia status
unavailable or missing (N=150)

Sleep disorder unavailable or missing (N=1)

| N=9482 ]

Stroke/MI status unavailable or missing (N=15)
> |
Fiber intake data unavailable or missing (N=595)

| N=8872 ]

FIGURE 1 | Flowchart of the participant from the National Health and Nutrition
Examination Survey (NHANES) 2011-2018. PIR, poverty to income ratio; BMI,
body mass index; HDL, high-density lipoprotein; MI, myocardial infarction.

NHANES research has been approved by the Ethics Review
Committee of the National Center for Health Statistics and
Research. All participants in the survey signed the informed
consent form. Access to NHANES database does not require
ethical or administrative permission.

Exposure and Outcome Definitions

Similar to earlier studies (18, 19), this study used the first
24-h dietary recall conducted by trained food recall data
collectors at the MEC. The 24-h dietary data were linked
to the US Department of Agriculture Food Surveys Nutrient
Database for the estimation of energy and nutrient intake by
the National Center for Health Statistics. The total intake of
fiber was calculated by summing the amounts from food and
supplemental sources.

We determined the outcomes using a Medical Condition
Questionnaire. When a participant answered “yes” to the
question “has a doctor ever told you that you had a heart
attack” we considered that he or she had MI. Similarly,
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TABLE 1 | Baseline characteristics of the participants, weighted.

Characteristic

Fiber intake, g/day

Tertile1 (7.51 + 0.07 g/day)

Tertile2 (14.90 + 0.05 g/day)

Tertile3 (28.79 + 0.25 g/day)

Age (years)

Sex, n (%)

Male

Female

Race, n (%)

Mexican American

Other races

Non-hispanic White
Non-hispanic Black
Marital status, n (%)
Married/living with partner
Widowed/divorced/separated
Never married
Educational level, n (%)
<High school

High school

>High school

PIR, n (%)

<12

>1.2

BMI, n (%)

<25 kg/m?

25-30 kg/m?

>30 kg/m?

Current smoker, n (%)
Yes

No

Unknown

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Glucose (mg/dl)
Cholesterol (mg/dl)
Triglycerides (mg/dl)

HDL (mg/dl)
Glycohemoglobin (%)
Energy intake (kcal/day)
Vigorous activity, n (%)

46.88 + 0.49

40.01
59.99

5.34
13.48
66.89
14.30

58.55
21.54
19.92

156.32
25.99
58.69

23.50
76.50

26.70
30.16
4314

8.21

5.36

86.43
122.59 £ 0.41
70.31 £ 0.41
99.78 + 0.91
192.35 £ 0.97
14747 £2.77
54.02 £+ 0.55
5.62 £+ 0.02

1,601.75 £ 16.63

48.14 £ 0.52

46.22
53.78

7.36
12.78
70.22

9.65

63.72
19.43
16.85

11.73
22.87
65.40

16.29
83.71

28.09
33.28
38.63

5.46

6.76

87.78
121.78 £ 0.42
70.70 £ 0.36
99.41 + 0.69
193.18 £ 1.07
149.05 £+ 3.20
54.84 £+ 0.48
5.63 £ 0.02

2,145.46 £ 21.92

47.82 £ 0.57

58.27
41.73

10.41
16.77

66.21
7.61

68.22
13.88
17.90

10.91
16.70
72.39

16.28
83.72

30.65
35.00
34.35

4.82

9.04

86.14
121.90 £ 0.44
70.97 £ 0.38
99.50 + 0.82
19218 £ 1.12
151.26 & 3.59
53.47 £ 0.48
5.63 £ 0.03

2,742.15 £ 25.63

Yes 23.21 23.02 22.73

No 76.79 76.98 77.27

Diabetes, n (%)

Yes 10.05 9.54 8.94

No 87.09 88.56 88.64

Borderline 2.86 1.90 2.42

Hypertension, n (%)

Yes 32.78 33.47 31.10

No 67.22 66.53 68.90

Hypercholesteremia, n (%)

Yes 32.75 34.77 35.28

No 67.25 65.23 64.72
(Continued)
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TABLE 1 | Continued

Characteristic

Fiber intake, g/day

Tertile1 (7.51 + 0.07 g/day)

Tertile2 (14.90 + 0.05 g/day) Tertile3 (28.79 + 0.25 g/day)

Sleeping disorder, n (%)

Yes 31.85
No 68.15
Hypoglycemic drugs, n (%)

Yes 7.01
No 12.59
Unknown 80.39

Antihypertensive drugs, n (%)

Yes 23.39
No 5.04
Unknown 71.57

Lipid-lowing drugs, n (%)

Yes 18.30
No 5.71
Unknown 75.99

Preventive aspirin use, n (%)

Yes 2.03
No 39.63
Unknown 58.35

Nonfatal cardiovascular event, n (%)
Yes 6.50
No 93.50

20.97 27.71
70.03 72.29
8.16 7.09
10.39 11.70
81.45 81.21
25.12 21.76
3.98 4.34
70.90 73.90
18.75 17.75
5.77 6.53
75.48 75.72
2.52 3.36
38.61 39.07
58.86 57.57
5.45 4.25
94.55 95.75

Mean =+ standard error (SE) for continuous variables and percentage (%) for categorical variables.

PIR, poverty to income ratio; BMI, body mass index; HDL, high-density lipoprotein.

when a participant answered “yes” to the question “has a
doctor ever told you that you had a stroke,” we considered
that he or she had a stroke (20, 21). Self-reported stroke
and MI measures have been used in previous epidemiological
studies using NHANES data, and results of several studies
have revealed the self-reported measurement method is reliable
(21-24). Outcomes included patient-reported nonfatal MI
and/or stroke.

Covariates

Based on the extant literature and clinical experience, variables
with potential associations with fiber intake and nonfatal
cardiovascular/cerebrovascular events were collected in
this study. Covariates included sex (men/women); race
(Mexican American, other races, non-hispanic White, or non-
hispanic Black); marital status (married/living with partner,
widowed/divorced/separated, or never married); educational
level (<high school, high school, or >high school); poverty to
income ratio (PIR; <1.2 or >1.2); energy intake (kcal/day); body
mass index (BML; <25 kg/m?, 25-30 kg/m?, or >30 kg/m?);
current smoker (yes, no, or unknown); diabetes (yes, no, or
borderline); hypertension (yes or no); hypercholesterolemia
(yes or no); sleep disorder (yes or no); hypoglycemic drugs
(yes, no, or unknown); antihypertensive drugs (yes, no, or
unknown); lipid-lowering drugs (yes, no, or unknown); and

preventive aspirin drugs (yes, no, or unknown). Height and
weight were measured by an NHANES examiner, and BMI was
calculated as weight (kg) divided by height (meters squared).
Participants were assigned to morning, afternoon, or evening
sessions before arriving at the MEC. Participants in the morning
sessions fasted for at least 9 h; those in the afternoon or evening
sessions consumed anything they wanted. Blood was collected
by a certified phlebotomist according to the applicable standards
and NHANES methodology. In brief, cholesterol (mg/dl) and
high-density lipoprotein (mg/dl) levels were measured using
the cholesterol oxidase method. Glucose (mg/dl) level was
measured using the hexokinase method. Triglyceride (mg/dl)
level was measured of hydrolysis of triglycerides by lipoprotein
lipase. Glycohemoglobin (%) level was measured using the
high-performance liquid chromatography method. For further
information on methodology, refer to the Laboratory Method
Files section for detailed laboratory procedure manual(s) of the
methods (http://www.cdc.gov/nchs/nhanes.htm). Three systolic
blood pressure (mmHg) and diastolic blood pressure (mmHg)
readings were obtained for each participant, and the mean
value was calculated using the three measurements. Vigorous
activity (yes or no) was characterized by a significant increase in
breathing or heart rate (involving carrying or lifting heavy loads,
digging or construction work) for at least 10 min continuously
(25, 26).
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TABLE 2 | Results of the univariate logistic regression analysis of factors
associated with nonfatal cardiovascular/cerebrovascular events, weighted.

Statistics OR (95%Cl)
Age (years) 47.64 + 0.39 1.08 (1.07, 1.09)
Sex, n (%) 48.43 Ref
Male (n = 4,370)
Female (n = 4,502) 51.57 0.71 (0.56, 0.90)
Race, n (%) 7.79 Ref
Mexican American (n = 1,129)
Other races (n = 2,248) 14.02 1.50 (1.01, 2.23)
Non-hispanic White (n = 3,545) 67.81 1.71(1.19, 2.47)
Non-hispanic Black (n = 1,950) 10.38 2.01 (1.44, 2.81)
Marital status, n (%) 63.67 Ref
Married/Living with partner (n = 5,228)
Widowed/divorced/separated (n = 1,936) 18.18 1.95 (1.54, 2.47)
Never married (n = 1,708) 18.16 0.44 (0.30, 0.64)
Educational level, n (%) 12.56 Ref
<High school (n = 1,738)
High school (n = 1,944) 21.72 0.88 (0.65, 1.19)
>High school (n = 5,190) 65.72 0.45 (0.33, 0.60)
PIR, n (%) 18.51 Ref
<1.2 (n =2,442)
>1.2 (0 = 6,430) 81.49 0.72 (0.57, 0.91)
Bady mass index, n (%) 28.54 Ref
<25 kg/m? (n = 2,554)
25 t0 30 kg/m? (n = 2,874) 32.91 1.28(0.95, 1.72)
>30 kg/m? (n = 3,444) 38.56 1.89 (1.41, 2.53)
Current smoker, n (%) 6.09 Ref
Yes (n = 546)
No (n = 583) 7.11 1.32 (0.66, 2.65)
Unknown (n = 7,743) 86.80 0.86 (0.52, 1.40)
Systolic blood pressure (mmHg) 122.07 £0.27  1.02(1.01, 1.03)
Diastolic blood pressure (mmHg) 70.67 £ 0.30 0.98 (0.97, 0.99)
Glucose (mg/dl) 99.55 + 0.48 1.01 (1.01, 1.01)
Cholesterol (mg/dl) 19258 £0.69  0.99 (0.99, 0.99)
Triglycerides (mg/dl) 149.32 £2.28  1.00 (1.00, 1.00)
HDL (mg/dl) 54.12 + 0.35 0.99 (0.98, 1.00)
Glycohemoglobin (%) 5.63 +0.02 1.45 (1.36, 1.55)
Energy intake (kcal/day) 2,182.17 + 1.00 (1.00, 1.00)
10.89

Vigorous activity, n (%) 22.98 Ref
Yes (n = 1,840)
No (n = 7,032) 77.02 1.42 (1.08, 1.97)
Diabetes, n (%) 9.49 Ref
Yes (n = 1,143)
No (n = 7,499) 88.13 0.20 (0.15, 0.26)
Borderline (n = 230) 2.38 0.62 (0.35, 1.09)
Hypertension, n (%) 32.44 Ref
Yes (n = 3,228)
No (n = 5,644) 67.56 0.19(0.15, 0.24)
Hypercholesteremia, n (%) 34.32 Ref
Yes (n = 3,107)
No (n = 5,765) 65.68 0.23 (0.18, 0.30)

(Continued)

TABLE 2 | Continued

Statistics OR (95%Cl)
Sleeping disorder, n (%) 29.77 Ref
Yes (n = 2,403)
No (n = 6,469) 70.23 0.57 (0.46, 0.71)
Hypoglycemic drugs, n (%) 7.44 Ref
Yes (n = 874)
No (n = 1,125) 11.62 0.65 (0.45, 0.93)
Unknown (n = 6,873) 81.04 0.21(0.15,0.28)
Antihypertensive drugs, n (%) 23.44 Ref
Yes (n = 2,426)
No (n = 396) 4.43 0.41(0.23, 0.71)
Unknown (n = 6,050) 7213 0.16 (0.12, 0.20)
Lipid-lowing drugs, n (%) 18.27 Ref
Yes (n = 1,749)
No (n = 584) 6.01 0.32 (0.21, 0.50)
Unknown (n = 6,539) 75.72 0.11(0.09, 0.14)
Preventive aspirin use, n (%) 2.66 Ref
Yes (n = 190)
No (3,437) 39.08 1.08 (0.38, 3.57)
Unknown (n = 5,245) 58.26 3.39 (1.08, 10.65)
Fiber intake (g/day) 17.38 £0.22 0.98 (0.97, 0.99)
Fiber intake tertile, n (%) 30.88 Ref
Tertile (n = 2,929)
Tertile2 (n = 2,959) 34.82 0.83 (0.66, 1.04)
Tertile3 (n = 2,984) 34.29 0.64 (0.48, 0.84)

Mean =+ standard error (SE) for continuous variables, Percentage (%) for categorical
variables. p-Value was calculated via logistic regression analysis.

Tertile1, 7.51 &+ 0.07 g/day; Tertile2, 14.90 + 0.05 g/day; Tertile3, 28.79 + 0.25 g/day.
OR, odds ration; 95% Cl, 95% confidence interval; PIR, poverty to income ratio; BMI, body
mass index; HDL, high density lipoprotein.

Statistical Analyses

All statistical analyses were performed based on the Center
for Disease Control and Prevention guideline. A complex
multistage cluster surgery design analysis was considered, and
an appropriate NHANES sample weight was applied. Continuous
variables are presented as mean =+ standard error, and categorical
variables are presented as percentages. The weighted linear
regression model (for continuous variables) or the weighted chi-
squared test (for categorical variables) was utilized to analyze
the intergroup difference index divided by fiber intake (Tertiles
1-3). Univariate and multivariate logistic regression analyses
were used to explore the association between fiber intake and
nonfatal cardiovascular/cerebrovascular events. In multivariate
logistic regression, model 1 was adjusted for no covariates; model
2 was adjusted for age, sex, and race; and model 3 was adjusted for
all covariates. A weighted generalized additive model and smooth
curve fitting were utilized to further explore the association
between fiber intake and nonfatal cardiovascular/cerebrovascular
events. Subgroup analysis was performed by multivariate logistic
regression stratified by age, sex, race, educational level, marital
status, PIR, BMI, smoking status, vigorous activity, diabetes,
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hypertension, hypercholesterolemia, and sleeping disorders. An
interaction term was also used to explore the heterogeneity of the
association between different subgroups using the log-likelihood
ratio test model. We performed all the analyses using Empower
software (www.empowerstats.com; X&Y solutions, Inc., Boston,
MA, USA) and R version 3.4.3 (http://www.Rproject.org, The R
Foundation) (27-29).

RESULTS

Baseline Characteristics of the

Participants

The weighted population baseline characteristics of the
participants are demonstrated in Tablel. A total of 8,872
participants were recruited in this study, of which 51.57% were
female and 48.43% were male, with a mean age of 47.64 £ 0.39
years. Regarding races, 7.79, 14.02, 67.81, and 10.38% of the
participants were Mexican American, had other races, were
non-hispanic White, and were non-hispanic Black, respectively.
Moreover, 63.67, 18.18, and 18.16% of the participants were
married/living with partner, widowed/divorced/separated, and
never married, respectively. Furthermore, the participants
had the following educational levels: 12.56%, <high school;
21.72%, high school; and 65.72%, >high school. Overall, the
PIR of 18.51% of the participants was <1.2. The average fiber
intake was 17.38 £ 0.22 g/day. Participants were divided into
tertiles according to dietary fiber intake levels (Tertilel, 7.51
=+ 0.07 g/day; Tertile2, 14.90 £ 0.05 g/day; and Tertile3, 28.79
£ 0.25 g/day). The overall weighted prevalence of nonfatal
cardiovascular/cerebrovascular events was 5.36%, and the
participants in the higher fiber intake tertile had a lower
prevalence of nonfatal cardiovascular/cerebrovascular events
than the participants in the lower fiber intake tertile (Tertilel,
6.50%; Tertile2, 5.45%; and Tertile3, 4.25%; Table 1).

Higher Dietary Fiber Intake Was
Associated With Lower Prevalence of

Nonfatal Cardiovascular Event

First, we performed univariate logistic regression analysis
(Table 2). Participants with higher dietary fiber intake were
2% less likely to have nonfatal cardiovascular/cerebrovascular
events than those with lower dietary fiber intake [odds ratio
(OR) = 0.98; 95% confidence interval (CI), 0.97-0.99]. Negative
associations were still observed when we converted fiber intake
from a continuous variable to a categorical variable (tertiles).
Compared with Tertilel, participants with higher intake of
dietary fiber were 17 and 36% less likely to have nonfatal
cardiovascular/cerebrovascular events in Tertile2 (OR = 0.83;
95% CI, 0.66-1.04) and Tertile3 (OR = 0.64; 95% CI, 0.48-
0.84; Table 2). Furthermore, in multivariate logistic regression
analysis, higher fiber intake was associated with lower odds
of nonfatal cardiovascular/cerebrovascular events. The OR
and 95% CI in model 1, which did not adjust for covariates,
were 0.98 and 0.97-0.99, respectively. The OR and 95% CI in
model 2, which was adjusted for age, sex, and race, were 0.97

and 0.96-0.99, respectively. The OR and 95% CI in model
3, which was adjusted for all the covariates, were 0.98 and
0.96-1.00, respectively. In the sensitivity analysis, the adjusted
ORs (reference to Tertilel) were 0.81 (95% CI, 0.61-1.09) for
Tertile 2 and 0.64 for Tertile 3 (95% CI, 0.46-0.91) in model
3 (Table 3). We also used a generalized additive model and
smooth curve fitting to further detect the association between
fiber intake and nonfatal cardiovascular/cerebrovascular events,
which showed that fiber intake was negatively associated with
nonfatal cardiovascular/cerebrovascular events (Figure 2). To
avoid some significantly extreme fiber intake affecting the
results, extreme fiber intakes, defined as values with more
than 3 standard deviations from the mean (n = 131), were
removed from the analysis. Multivariate logistic regression
analysis (Supplementary Table S1) and smooth curve fitting
(Supplementary Figure S2) also suggested a negative association
between fiber intake and nonfatal cardiovascular/cerebrovascular
events. The above analysis suggested a stable negative
association between higher fiber intake and odds of nonfatal
cardiovascular/cerebrovascular events.

Subgroup Analysis

A subgroup analysis was performed to analyze the robustness
of the association between fiber intake and nonfatal
cardiovascular/cerebrovascular events. We analyzed the
interactions with age, sex, marital status, race, educational
level, PIR, BMI, smoking status, vigorous activity, diabetes,
hypercholesterolemia, hypertension, and sleeping disorders.
No dependence on the variates mentioned above was
observed for the association between fiber intake and
nonfatal cardiovascular/cerebrovascular events (all p for
interaction >0.01) (Table4). The results suggested that
the negative association between fiber intake and nonfatal
cardiovascular/cerebrovascular events was robust in populations
with different demographic, socioeconomic, and disease status,
and that it might be appropriate for various populations.

DISCUSSION

A total of 8,872 participants were included for this study, and the
weighted average of dietary fiber intake was 17.38 & 0.22 g/day.

Dietary fiber intake was slightly higher compared with survey
results for mean dietary fiber intake of 16.2 g/day from 1999-
2010 NHANES data (30). The overall weighted prevalence of
nonfatal cardiovascular/cerebrovascular events was 5.36%. The
prevalence of stroke and MI in the highest fiber intake group
(Tertile3) was 4.25%. As dietary fiber intake decreased from the
Tertile2 to Tertilel group, stroke and MI increased gradually
from 5.45 to 6.50%. We further detected that higher dietary fiber
intake was independently associated with an increased prevalence
of stroke and MI in multivariate regression analysis. This
association was robust in subgroups stratified by demographic,
socioeconomic, and disease status. Changing the typical diet and
increasing dietary fiber intake to generate the beneficial health
effects to improve cardiovascular and cerebrovascular diseases in
US adults are long-term tasks.
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TABLE 3 | Results of the multivariate logistic regression analysis of association between fiber intake and nonfatal cardiovascular/cerebrovascular events, weighted.

Variable Model1? [OR (95%CI)]

Model2° [OR (95%Cl)] Model3° [OR (95%Cl)]

Fiber intake (g/day)

Fiber intake (Tertile), n (%)
Tertile1 (n = 2,929) Ref
Tertile2 (n = 2,959) 0.83(0.66, 1.04)
Tertile3 (n = 2,984) 0.64 (0.48, 0.84)

0.98 (0.97, 0.99)

0.97 (0.96, 0.99) 0.98 (0.96, 1.00)
Ref Ref

0.76 (0.59, 0.96) 0.81(0.61, 1.09)

0.56 (0.42, 0.76) 0.64 (0.46, 0.91)

In sensitivity analysis, fiber intake was converted from a continuous variable to a categorical variable (tertile). OR, odds ratio; 95% ClI, 95% confidence interval.

Tertile1, 7.51 & 0.07 g/day; Tertile2, 14.90 + 0.05 g/day; and Tertile3, 28.79 + 0.25 g/day.

aModel 1: Adjusted for no covariates.
bpModel 2: Adjusted for age, sex, and race.

SModel 3: Adjusted for age; sex; race; marital status, educational level; PIR; BMI; smoking status; systolic blood pressure; diastolic blood pressure; glucose, cholesterol, triglyceride,
HDL, and glycohemoglobin levels; energy intake; vigorous activity; diabetes; hypertension; hypercholesterolemia; sleeping disorder; and hypoglycemic, antihypertensive, lipid-lowing,

and aspirin drugs.

[[e]
-
S
o
&
T =
¢ s
) o
= o®
T
=
®©
O v
X oS
e s
1773
.- . .
®e
S | °® o o
S
T T T T T T
0 20 40 60 80 100

Dietary fiber intake (g/d)

FIGURE 2 | Association between dietary fiber intake and odds of nonfatal
cardiovascular event (stroke and M) using the generalized additive model.
Adjusting for potential confounding variables (age; sex; race; marital status;
educational level; PIR; BMI; smoking status; systolic blood pressure; diastolic
blood pressure; glucose, cholesterol, triglyceride, HDL, and glycohemoglobin
levels; energy intake; vigorous activity; diabetes; hypertension;
hypercholesterolemia; sleeping disorder; and hypoglycemic, antihypertensive,
lipid-lowing, and aspirin drugs). The red points line represents the fitting spline.
The blue points line represents the 95% confidence intervals. MI, myocardial
infarction.

Although several studies have reported the benefits of dietary
fiber in decreasing the risk of cardiovascular and cerebrovascular
diseases, the average daily fiber intake is 17 g/day in the
United States, which is significantly lower than the reccommended
amount. The recommended dietary reference intakes are 25
g/day and 38 g/day for women and men aged 19-50 years,
respectively. For patients aged >51 years, the recommended
dietary fiber intake is higher. The benefits of dietary fiber
intake in lowering cholesterol and lipid levels were reported in

South African Bantu for the first time in 1954 (31). A meta-
analysis, including 10 cohort study with 6-10 years’ follow-
up, found that dietary fiber intake was inversely correlated
with the risk of cardiovascular and cerebrovascular diseases
[relative risk (RR) = 0.84; 95% CI, 0.70-0.99]; however, an
increase of 10g of fiber intake per day was not statistically
significant, with an RR of 1.0 (95% CI, 0.88-1.13) (32).
Dietary fiber includes soluble and insoluble fiber, which is the
indigestible carbohydrates and lignin in plants. Soluble fibers
include viscous fibers, such as gum, non-viscous fibers, pectin,
fructans, and B-glucan, and insoluble fibers include cellulose,
lignin, and hemicellulose (33, 34). Dietary fiber can increase
food transit time, delay nutrient absorption, and increase the
fecal bulk, which contribute to slowing the absorption of glucose,
cholesterol, and lipids. Additionally, dietary fiber is fermented
by gut bacteria and generates short-chain fatty acids, which
can reduce cholesterol synthesis in the liver and blood (35-
37). Increasing dietary fiber intake may reduce the incidence
of cardiovascular and cerebrovascular diseases by ameliorating
the risk factors, such as diabetes and dyslipidemia. Twenty
years previously, a few studies showed that increased fiber
intake exerted more protective effect in cardiovascular and
cerebrovascular diseases (RR = 0.71; 95% CI, 0.47-0.95 for
coronary heart disease; RR = 0.74; 95% CI, 0.63-0.86 for
stroke) as compared to the results from our study (OR = 0.98;
95% CI, 0.96-1.00) (38). These results might be due to the
fact that ultra-processed food consumption increased, which
weakened the beneficial effect of dietary fiber on cardiovascular
and cerebrovascular diseases.

Different ethnic and economic statuses may lead to
different levels of dietary fiber intake due to different
eating habits. Hispanic Black and lower family income
populations were correlated with lower dietary fiber intake
among adults (39). Our study showed that participants of
different races and economic statuses could benefit from
cardiovascular and cerebrovascular diseases by increasing
dietary fiber levels, and more attention should be paid
to these vulnerable groups. Previous observational and
randomized controlled studies revealed that obesity, diabetes,
hypertension, and hypercholesterolemia are risk factors for
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TABLE 4 | Subgroup analysis of association between fiber intake and nonfatal
cardiovascular/cerebrovascular events.

OR (95%Cl)

p for interaction

Stratified by age 0.6653
Age<60 (n = 5,964) 0.98 (0.96, 1.01)

Age>60 (n = 2,908) 0.99 (0.97, 1.00)

Stratified by sex 0.9767
Male (n = 4,370) 0.98 (0.96, 1.00)

Female (n = 4,502) 0.98 (0.96, 1.00)

Stratified by race 0.8813
Mexican American (n = 1,129) 0.98 (0.95, 1.01)

Other races (n = 2,248) 0.98 (0.95, 1.02)

Non-hispanic White (n = 3,545) 0.98 (0.96, 1.00)

Non-hispanic Black (n = 1,950) 0.99 (0.96, 1.01)

Stratified by marital status 0.7917
Married/Living with partner (n = 0.97 (0.96, 0.99)

5,228)

Widowed/ Divorced/ Separated 0.99 (0.96, 1.02)

(n = 1,936)

Never married (n = 1,708) 0.98 (0.95, 1.01)

Stratified by educational level 0.9634
<High school (n = 1,738) 0.98 (0.96, 1.01)

High school (n = 1,944) 0.98 (0.95, 1.00)

>High school (n = 5,190) 0.98 (0.96, 1.00)

Stratified by PIR 0.3615
<1.2 (n = 2,442) 0.99 (0.96, 1.01)

>1.2 (n = 6,430) 0.98 (0.96, 0.99)

Stratified by BMI 0.4485
<25 kg/m? (n = 2,554) 0.98 (0.96, 1.01)

25-30 kg/m? (n = 2,874) 0.97 (0.94, 0.99)

>30 kg/m? (n = 3,444) 0.99 (0.96, 1.01)

Stratified by smoke 0.2253
Yes (n = 546) 0.98 (0.94, 1.03)

No (n = 583) 0.95 (0.90, 0.99)

Unknown (7,743) 0.98 (0.97, 1.00)

Stratified by vigorous activity 0.9716
Yes (n = 1,840) 0.98 (0.95, 1.01)

No (n = 7,032) 0.98 (0.96, 1.00)

Stratified by diabetes 0.9645
Yes (n = 1,143) 0.98 (0.96, 1.00)

No (n = 7,499) 0.98 (0.96, 1.00)

Borderline (n = 230) 0.97 (0.90, 1.05)

Stratified by hypertension 0.0364
Yes (n = 3,228) 0.99 (0.97, 1.01)

No (n = 5,644) 0.96 (0.94, 0.98)

Stratified by 0.0692
hypercholesteremia

Yes (n = 3,107) 0.99 (0.97, 1.01)

No (n = 5,765) 0.96 (0.94, 0.99)

Stratified by sleeping 0.4559

disorder, n (%)
Yes (n = 2,403)
No (n = 6,469)

0.99 (0.96, 1.01)
0.97 (0.95, 1.00)

The results of the subgroup analysis were adjusted for all covariates (age; sex; race; marital
status; educational level; PIR; BMI; smoking status; systolic blood pressure; diastolic
blood pressure; glucose, cholesterol, triglyceride, HDL, and glycohemoglobin levels;
energy intake; vigorous activity; diabetes; hypertension; hypercholesterolemia; sleeping
disorder; and hypoglycemic, antihypertensive, lipid-lowing, and aspirin drugs), except for
the corresponding subgroup variables.

PIR, poverty to income ratio; BMI, body mass index; OR, odds ratio; 95% CI, 95%
confidence interval.

cardiovascular and cerebrovascular diseases. According to
the subgroup analysis in our study, the negative association
between fiber intake, stroke, and MI was stable in the
subgroup stratified by BMI, hypertension, diabetes, and
hypercholesterolemia. In addition, we did not find any
dependence on age, sex, race, educational level, marital
status, PIR, BMI, smoking status, vigorous activity, diabetes,
hypertension, hypercholesterolemia, and sleeping disorders for
this association (all p for interaction >0.01), which implied
that this negative association may be appropriate for various
population settings.

Our study has several strengths. Our study included a
large number of samples from the NHANES database and
was adjusted for multivariate confounding variables to ensure
reliability of the results. The association between fiber intake
and stroke and MI was adequately detected in diverse groups.
The results were stable and robust, which could be applied
to a wide range of populations and, hence, address the study
gap regarding the effect of dietary fiber on cardiovascular and
cerebrovascular diseases over the last decade. However, the
limitations of this study cannot be ignored. First, we could
only conclude an association and not a causal interference,
owing to the cross-sectional nature of this study. Second,
dietary fiber intake may not be accurately evaluated based on
24-h recall measures. Further, this study did not analyze the
dietary fiber intake from different sources. Finally, although
we recruited various confounding variables in the analysis,
we could not exclude the confounding effects of excluded or
unknown variables.

CONCLUSIONS

We found that dietary fiber intake was far below the
recommended amount in the United States from 2011 to 2018.
Higher dietary fiber intake is associated with a lower prevalence
of stroke and MI. We should advocate further increase in
dietary fiber intake to confer benefits for cardiovascular and
cerebrovascular diseases.
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