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Background/Aims
The effect of physical activity on the relationship between dietary fiber intake and constipation has not been comprehensively studied. 
This study aims to explore the impact of physical activity.

Methods
Data were obtained from 3 cycles of the National Health and Nutrition Examination Survey (NHANES) 2005-2010 and included a 
total of 13 941 participants aged ≥ 20 years. Multiple logistic regression analysis was used to investigate the independent association 
between dietary fiber and constipation. Interaction analysis was also performed to analyze the relationship between dietary fiber and 
constipation in different physical activity groups.

Results
Among non-active participants, dietary fiber intake did not associate with stool consistency (OR, 1.02; 95% CI, 0.98-1.05; P = 
0.407). For physically active participants, 1-gram unit increase in dietary fiber intake reduced the risk of stool consistency by 3% (OR, 
0.97; 95% CI, 0.94-0.99; P = 0.020). Moreover, the relationship between dietary fiber intake and stool consistency was significantly 
different for groups with different levels of physical activity (P interaction = 0.044). However, dietary fiber intake was not related to 
stool frequency among non-active participants (OR, 0.99; 95% CI, 0.94-1.05; P = 0.767) nor physically active participants (OR, 1.01; 
95% CI, 0.97-1.04; P = 0.751).

Conclusions
Increasing dietary fiber intake was associated with stool consistency-related constipation among physically active participants, but not 
among non-active participants. However, increasing dietary fiber intake is not significantly associated with stool frequency in different 
physical activity groups. 
(J Neurogastroenterol Motil 2021;27:97-107)
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Introduction  

Constipation is characterized by lumpy or hard stools, de-
creased stool frequency, feelings of incomplete evacuation, etc.1 The 
stool consistency and stool frequency are important symptoms in 
the diagnosis of constipation.1,2 The overall prevalence of constipa-
tion is reported to range from 7% to 10% in adults.3 The prevalence 
of constipation is different between men and women,4 which is 6% 
higher in women than that of men.5 Furthermore, the incidence 
of constipation varies by age, with a rate of 33% in people over 60 
years of age6 and tend to rise in people with lower socio-economic 
status.7 

Constipation is associated with poor quality of life,8,9 including 
anxiety, depression, obsessive-compulsive traits, and somatization.10 
Besides, constipation increases healthcare costs. It has been estimat-
ed that the annual cost of over-the-counter laxatives to alleviate con-
stipation is $821 million in America.11 Many patients have sought 
medical help to relieve constipation, however, about half of them 
are dissatisfied.8 Generally, they are recommended to eat more fiber 
and have more physical exercise. Given that constipation is a het-
erogeneous, polysymptomatic, multifactorial disease,12 the outcome 
of management for constipation including dietary modification, 
medication, and physical therapy are always disappointing.13 The 
relationship between dietary modification and constipation has been 
studied with varying results. Shen et al14 conducted a cross-sectional 
study and suggested that the low dietary fiber intake increased the 
risk of constipation. On the contrary, Markland et al,5 based on 
NHANES data analysis, reported that constipation was not related 
to dietary fiber intake. Thus, whether increasing dietary fiber intake 
correlates with constipation is controversial. 

On the other hand, the impact of physical activity on constipa-
tion also attracted much attention in recent years. Applying the 
NHANES database, Wilson15 reported that physical inactivity is 
not significantly related to stool consistency or stool frequency. In 
contrast, Dukas et al16 conducted a study of nurses’ health and con-
cluded that women who increase dietary fiber intake and perform 
moderate physical activity are less likely to develop constipation.

To date, no publications have been retrieved considering the 
relationship between dietary fiber intake and constipation at dif-
ferent levels of physical activity. Therefore, we aim to address the 
novel question of whether there is a relationship between dietary 
fiber intake and constipation at different levels of physical activity. 
The NHANES database is a population-representative survey that 
provides nationwide estimates of various health parameters, which is 
helpful for us to address the problem. Similar to the previous stud-
ies,14,15 we designed a cross-sectional study utilizing the NHANES 
database.

Materials and Methods  

Data Source
The NHANES is a survey research program consisting 

of cross-sectional surveys that use a complex, stratified, multi-
stage probability cluster design to collect and analyze data that are 
representative of the national, non-institutionalized population 
in America. The National Center for Health Statistics conducts 
the program and its Ethics Review Board approved this protocol. 
Since the NHANES data are de-identified, data analysis does not 
need IRB approval or written informed consent by the study sub-
jects. The survey data are freely downloaded from the Centers for 
Disease Control and Prevention. The data consist of demographic 
characteristics, physical examination results, laboratory results, and 
questionnaire survey items.

The 2005-2010 NHANES dataset is comprised of 17 132 
participants aged ≥ 20 years old. We eliminated participants who 
lacked data on stool consistency and frequency, including 6 partici-
pants who refused, 161 participants who did not know, and 2374 
participants who were missing. Then, there were 14 591 eligible 
participants. Next, 243 participants were excluded for missing 
dietary fiber intake data and 407 pregnant women were excluded. 
The final cohort to be analyzed included 13 941 participants (Fig. 1).

Definition of Constipation
Based on the NHANES database, the previous studies used 
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stool consistency or stool frequency to define constipation.5,15 One 
of the previous studies reported that stool consistency has little to do 
with stool frequency,5 therefore, we used either stool consistency or 
stool frequency to define constipation in this study. Before data col-
lection, stool consistency and stool frequency were recorded for 30 
days. The Bristol stool form scale,17 which includes a variety of color 
picture cards and detailed descriptions of the 7 stool types, was used 
to estimate stool consistency. Based on previous research,18 constipa-
tion was defined as Type 1 (separate hard lumps, like nuts) or Type 
2 (sausage-like, but lumpy). The Bristol stool form scale types 3-7 
were defined as non-constipation.14

Stool frequency was assessed with the following question: 
“How many times a week do you usually have a bowel movement?” 
Participants’ response levels ranged from 1 to 70 bowel movements 
(BMs) per week. The results of stool frequency were classified 
as < 3 BMs per week (constipation) or 3 BMs per week (non-
constipation).

To avoid bias caused by the different definitions of constipation, 
we carried out a sensitivity analysis focused on other 3 constipation-
related symptoms which were selected from the bowel health ques-
tionnaire (BHQ). The first is about self-reported constipation in the 
past 12 months (BHQ080). If the participants answered “never” to 
the question: “During the past 12 months, how often have you been 
constipated,” they were classified as self-reported with no constipa-
tion. The second is about the laxatives use status (BHQ100). The 
laxative use status was divided into 2 categories: unused and used. 
The last is about the frequency of laxative use in the past 30 days 
(BHQ110). According to the participants’ answers to the question, 
the frequency of laxative use was classified as infrequent use (once 
a month, 2-3 times a month, and 1-3 times a month) and frequent 
use (most days). Since only the BHQ from 2009-2010 contained 
these 3 symptoms, we conducted the sensitivity analysis on the data 
from 2009-2010.

Dietary Measures
Based on face-to-face interviews between trained interview-

ers and respondents, data on the participants’ dietary intake were 
obtained. Information on all foods and beverages consumed 24 
hours before the interview (midnight to midnight) was collected. 
Some variables were related to constipation in previous studies.5,14 
The dietary variables evaluated in this study were the dietary factors 
from the NHANES database: dietary fiber, total fat, carbohydrates, 
protein, cholesterol, total saturated fatty acids, moisture, alcohol, 
and milk. 

The following dietary factors were divided into tertiles of base-
line concentrations: dietary fiber (T1 < 10.7; T2, 10.7-17.9; T3 
≥ 18.0 g/day); total fat (T1 < 50.6; T2, 50.6-82.2; T3 ≥ 82.3 g/
day); carbohydrate (T1 < 186.0; T2, 186.0-278.3; T3 ≥ 278.4 g/
day); protein (T1 < 52.3; T2, 52.3-81.4; T3 ≥ 81.5 g/day); cho-
lesterol (T1 < 133.0; T2, 134.0-270.0; T2 ≥ 271.0 mg/day); and 
total saturated fatty acids (T1 < 16.6; T2, 16.7-27.7; T3 ≥ 27.8 g/
day).

Moisture was included in the study because it was previously 
found to be related to constipation.5 Moisture was defined as mois-
ture contained in foods and beverages and was also divided into ter-
tiles of baseline concentrations (T1 < 1572.0; T2, 1572.0-2587.8; 
T3 ≥ 2587.9 g/day). We included alcohol intake because previous 
studies have suggested that it is related to gastrointestinal function.19 
Alcohol was divided into 2 categories according to the median (< 6, 
≥ 6 g/day). Milk was included because it was considered a covari-
ate in a previous study,20 and was divided into 4 categories: never 
consume, rarely consume (less than once a week), occasionally 
consume (once a week or more, but less than once a day), and often 
consume (once a day or more).

Demographics
Demographic data was collected through face-to-face visits 

17 132 Participants examined in NHANES

2005-2010 aged > 20 yr

Excluded (n = 2541) lacking data on stool consistency

and frequency (6 refused; 161 unknown; 2374 missing)

Excluded (n = 243) missing data on dietary fiber

Excluded (n = 407) pregnant women

Eligible cohort left

(n = 13 941)

Figure 1. A flow chart of the process 
for the selection of eligible participants 
using data from the National Health 
and Nutrition Ex amination Survey 
(NHANES) 2005-2010.
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to the participants’ households. Information on age, gender (male 
and female), ethnicity (non-Hispanic white, non-Hispanic black, 
Mexican American, and other), education (less than 12th grade, 
high school, and college), marital status (never married, married 
or living with a partner, and widowed/divorced/separated), and 
income-to-poverty ratio (< 2, ≥ 2) were obtained from demo-
graphic questionnaires. We considered the income-to-poverty ratio 
as a coefficient variable in this study because it was previously found 
to be associated with constipation.21

Physical Activity
Information about physical activity was collected during the 

household interviews utilizing the Global Physical Activity Ques-
tionnaire. Participants reported their weekly time spent exercising, 
which was multiplied by the metabolic equivalent of task (MET) 
for that activity as defined before 2007. Then, we added the MET-
minutes per week for all activities to get the total MET-minutes 
per week. Because the NHANES physical activity questionnaire 
was changed after 2007, we chose moderate work activity, vigorous 
work activity, moderate recreational activity, vigorous recreational 
activity, and walking and biking for transportation to calculate the 
MET-minutes per week. For a particular type of physical activity 
reported by a participant, he or she reported the amount of time 
(in minutes) spent on that type of activity on a typical day. Then, 
the number of minutes per week for each activity was calculated 
by multiplying the reported number of days by the typical amount 
of time per day for that activity. The MET-minutes per week was 
calculated by multiplying the standard MET value of each activity 
by the total number of minutes per week of each activity. Finally, the 
total MET-minutes per week of all activities was calculated by sum-
ming the MET-minutes per week of each activity. This physical 
activity quantification method was identical to that in previous stud-
ies.14,15 According to the United States Department of Health and 
Human Services,22 participants with a MET-minutes per week of 
< 500 were defined as non-active, whereas those with ≥ 500 were 
considered physically active.

Comorbidities
According to a previous study,5 the participants were grouped 

based on their number of chronic diseases (none, 1, 2, or more) 
including arthritis, chronic lung disease (emphysema, chronic bron-
chitis, and asthma), chronic heart disease (congestive heart failure, 
coronary heart disease, angina, and heart attack), stroke, any liver 
condition, and cancer. Asthma was self-reported by participants and 
defined as having been told by a doctor or health professional that 

they have asthma and still have asthma now. Chronic bronchitis 
was identified for those who responded “yes” to the question: “Has 
a doctor or health professional ever told you that you have chronic 
bronchitis?” and “Do you still have chronic bronchitis?” Diabetes 
was identified for those who responded “yes” to the question: “Has 
a doctor told you that you have diabetes?” or “Are you taking insulin 
now?” Other diseases were defined based on whether participants 
self-reported themselves with diseases.

It has been shown that depression is related to constipation.23 
According to a prior report,24 a Patient Health Questionnaire 
(PHQ-9) score ≥ 10 is defined as depression.

The oral health condition was also included in the current study 
based on a previous study that reported its relationship with con-
stipation.25 Each participant’s dental condition was obtained from 
the oral health questionnaire that was completed before the physical 
examination by the computer-assisted personal interview system 
(interviewer-administered). Poor oral health was defined as those 
who responded “poor” to the question: “How would you describe 
the condition of your teeth?”

Other Variables
Body mass index (BMI) was obtained from physical examina-

tion data that were collected by trained health technicians. Based on 
the criteria of the World Health Organization, BMI was divided 
into 3 categories: normal, overweight, or obese (< 25, 25-29.9, ≥ 
30 kg/m2, respectively). 

It has been reported that smoking was associated with constipa-
tion,26 we included this in our data analysis. Trained interviewers 
collected smoking-related data from one-on-one interviews in ac-
cordance with the NHANES Mobile Examination Center In-
Person Dietary Interviewers Procedure Manual.27 According to the 
answer to the question “Do you smoke now?” smoking status was 
classified as non-smoking or current smoking.

A previous study suggested that levels of serum 25-hydroxyvi-
tamin D were related to constipation,28 so we incorporated this into 
this study. Participants’ serum levels of 25-hydroxyvitamin D were 
measured at laboratories of the National Center for Environmental 
Health at the Centers for Disease Control and Prevention.29 Serum 
25-hydroxyvitamin D levels ≤ 50 nmol/L (20 ng/mL) were classi-
fied as vitamin D deficiency.30

Statistical Methods
According to the NHANES analytical guidelines,31 the sample 

weights from the dietary interviews were re-weighted in combina-
tion with the 6 years of survey data; this was consistent with the 
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Table 1. Clinical Characteristics of the Study Population From Na-
tional Health and Nutrition Examination Survey 2005-2010 (Using 
the Stool Consistency Definition of Constipation)

Characteristic
No constipation Constipation

P-value
n = 12894a (%)b n = 1047a (%)b 

Gender < 0.001
  Male 6710 (50.5) 345 (28.8)
  Female 6184 (49.5) 702 (71.2) 
Age (yr) 0.013
  < 45 5285 (45.8) 477 (49.8)
  ≥ 45, < 65 4433 (37.0) 324 (32.7)
  ≥ 65 3176 (17.3) 246 (17.5)
Ethnicity < 0.001
  Non-Hispanic White 6468 (72.4) 455 (64.3)
  Non-Hispanic Black 2536 (10.6) 244 (15.3) 
  Mexican American 2308 (7.8) 190 (9.7)
  Other 1066 (9.2) 119 (10.8)
Education < 0.001
  < 12th grade 3546 (17.4) 351 (24.0) 
  High school 3063 (24.1) 286 (29.3)
  College 6276 (58.4) 407 (46.7)
Marital status 0.001
  Never married 2088 (17.3) 194 (18.9)
  Married 7900 (63.8) 583 (57.8)
  Widowed/divorced/ 

separated
2899 (18.9) 273 (23.3)

Income-poverty ratio (%) <0.001
  < 2 5394 (32.1) 517 (42.9)
  ≥ 2 6571 (67.9) 451 (57.1)
BMI (kg/m2)
  Normal 3585 (30.8) 365 (38.4) < 0.001
  Overweight 4419 (33.7) 340 (33.9)
  Obesity 4778 (35.5) 330 (27.7)
Smoking 0.130
  No 3348(52.2) 220(48.3)
  Yes 2905(47.8) 208(51.7)
Poor oral health 0.003
  No 9399 (89.5) 720 (83.9)
  Yes 1521 (10.5) 154 (16.1)
Vitamin D deficiency 0.690
  No 7679 (72.8) 597 (72.5)
  Yes 4176 (27.2) 334 (27.5)
Depression < 0.001
  No 11 778 (92.5) 903 (86.5)
  Yes 1116 (7.5) 144 (13.5)
Diabetes 0.896
  No 11 350 (92.0) 922 (91.3)
  Yes 1534 (8.0) 123 (8.7)

Table 1. Continued

Characteristic
No constipation Constipation

P-value
n = 12894a (%)b n = 1047a (%)b 

Chronic diseases 0.822
  None 7263 (60.2) 585 (57.3)
  1 3452 (26.7) 275 (28.6)
  2 or more 1974 (13.1) 170 (14.0)
Milk 0.035
  Never 2075 (15.3) 178 (17.2)
  Rarely 1893 (14.2) 146 (13.9)
  Sometimes 3654 (28.7) 257 (22.8)
  Often 5224 (41.8) 460 (46.0)
Total fat < 0.001
  T1 3649 (25.7) 412 (36.8)
  T2 4204 (32.4) 310 (30.8)
  T3 5041 (41.9) 325 (32.4)
Carbohydrate < 0.001
  T1 4018 (29.5) 388 (35.1)
  T2 4358 (34.4) 333 (32.7)
  T3 4518 (36.1) 326 (32.2)
Protein < 0.001
  T1 3230 (22.4) 358 (31.8)
  T2 4276 (32.5) 365 (35.1)
  T3 5388 (45.1) 324 (33.2)
Total saturated fatty acids < 0.001
  T1 4100 (28.4) 427 (38.0)
  T2 4071 (31.1) 317 (30.8)
  T3 4723 (40.5) 303 (31.2)
Cholesterol < 0.001
  T1 3362 (25.7) 350 (33.3)
  T2 4305 (34.1) 334 (33.7)
  T3 5227 (40.2) 363 (33.0)
Alcohol < 0.001
  < 6 9809 (74.2) 886 (84.4)
  ≥ 6 3085 (25.8) 161 (15.6)
Moisture < 0.001
  T1 1916 (11.0) 240 (20.0)
  T2 4459 (32.0) 394 (36.9)
  T3 6519 (57.0) 413 (43.0)
Dietary fiber < 0.001
  T1 3234 (23.1) 359 (34.9)
  T2 4251 (33.3) 325 (29.6)
  T3 5409 (43.6) 363 (35.5)
Dietary fiber (g) 16.5 ± 10.1 13.9 ± 8.4 < 0.001
Physical activity < 0.001
  Non-active 2545 (22.0) 239 (28.4)
  Active 7763 (78.0) 544 (71.6)

an represents unweighted counts.
bPercentages are weighted to the American population.
Values are expressed as n (%) or mean ± SD.



102

Yi Li, et al

Journal of Neurogastroenterology and Motility 102

weight method of a prior study.15 Categorical variables are expressed 
as frequency (%). Continuous variables are presented as mean ± 
standard deviation (SD). Statistical differences between the means 
and proportions of the 2 groups were determined by the Mann-
Whitney and chi-square tests. Logistic regression models were 
used to detect the independent association between dietary fiber 
intake and constipation. The multivariate logistic regression model 
was adjusted for gender, age, ethnicity, education, marital status, 
income-poverty ratio, BMI, smoking, poor oral health, vitamin D 
deficiency, depression, diabetes, chronic disease, milk, total fat, car-
bohydrate, protein, total saturated fatty acids, cholesterol, alcohol, 
moisture, and physical activity.

Then, we applied interaction analyses to analyze the relationship 
between dietary fiber intake and constipation in different physical 
activity groups. We performed Log-likelihood ratio tests compar-
ing regression coefficients of different stratified models. Stratified 
groups were divided by interaction terms. In individual stratified 
groups, multiple logistic regression was employed to explore asso-
ciations between dietary fiber intake and constipation, adjusting for 
gender, age, ethnicity, education, marital status, income-poverty ra-
tio, BMI, smoking, poor oral health, vitamin D deficiency, depres-
sion, diabetes, chronic disease, milk, total fat, carbohydrate, protein, 
total saturated fatty acids, cholesterol, alcohol, moisture, and physi-
cal activity if not stratified. 

A two-sided P < 0.05 was considered statistically significant. 
Statistical analyses were performed using Empower Stats (http://
www.empowerstats.com) and R software, version 3.4.3 (http://
www.R-project.org/).

Results  

Clinical Characteristics 
Based on the stool consistency definition of constipation, 7.5% 

(95% CI, 7.1-7.9%) of Americans had constipation. However, us-

ing the stool frequency definition of constipation resulted in a lower 
prevalence of constipation 3.5% (95% CI, 3.2-3.8%). Table 1 pres-
ents the clinical characteristics of the study population based on the 
stool frequency definition. Gender, age, ethnicity, education, marital 
status, income-poverty ratio, BMI, poor oral health, depression, 
milk, total fat, carbohydrates, protein, total saturated fatty acids, 
cholesterol, alcohol, moisture, physical activity, and dietary fiber 
were significantly associated with constipation (P < 0.001), where-
as smoking, vitamin D deficiency, diabetes, and chronic disease 
were not. The use of the stool frequency definition of constipation 
resulted in few changes, ie, smoking and vitamin D deficiency were 
then significantly related to constipation (P < 0.001), as shown in 
Supplementary Table 1. 

Univariate and Multivariate Regression Analysis of 
Dietary Fiber Intake for Constipation

To study the association between dietary fiber intake and constipa-
tion, linear regression and multiple logistic regression analyses were 
used. Based on the stool consistency definition, the intake of dietary 
fiber was associated with constipation (OR, 0.97; 95% CI, 0.97-0.98; 
P < 0.001) in the crude linear regression model (Table 2). Similar 
outcome was observed using the stool frequency definition (OR, 0.95; 
95% CI, 0.93-0.96; P < 0.001). After adjusting for variables such as 
gender, age, ethnicity, education, marital status, income-poverty ratio, 
and BMI, dietary fiber intake was also related to constipation based 
on stool consistency (OR, 0.99; 95% CI, 0.98-0.99; P < 0.001) and 
stool frequency definition (OR, 0.97; 95% CI, 0.96-0.98; P < 0.001). 
To exclude the influence of other variables, we further adjusted for 
related variables including smoking, poor oral health, vitamin D de-
ficiency, depression, diabetes, chronic disease, milk, total fat, carbohy-
drate, protein, total saturated fatty acids, cholesterol, alcohol, moisture, 
and physical activity. For constipation defined using stool consistency, 
the intake of dietary fiber was not significantly associated with consti-
pation (OR, 0.98; 95% CI, 0.96-1.00; P = 0.130). A similar out-
come was observed using the stool frequency definition (OR, 1.00; 

Table 2. Multiple Logistic Regression of the Association Between Dietary Fiber Intake and Constipation

Variable
Crude modela Model Ib Model IIc

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Dietary fiberd 0.97 (0.97, 0.98) < 0.001 0.99 (0.98, 0.99) < 0.001 0.98 (0.96, 1.00) 0.130
Dietary fibere 0.95 (0.93, 0.96) < 0.001 0.97 (0.96, 0.98)  < 0.001 1.00 (0.97, 1.03) 0.863

aThis model was not adjusted for any confounding variables.
bModel I was adjusted for gender, age, ethnicity, marital status, education, income-poverty ratio, and body mass index.
cModel II was further adjusted for smoking, poor oral health, vitamin D deficiency, depression, diabetes, chronic disease, milk, total fat, carbohydrate, protein, total 
saturated fatty acids, cholesterol, alcohol, moisture, and physical activity.
Constipation is defined by dstool consistency and estool frequency, respectively.
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95% CI, 0.97-1.03; P = 0.863).
To avoid bias caused by the different definitions of constipa-

tion, we carried out the sensitivity analysis focused on other 3 con-
stipation-related symptoms. Whether in linear regression analysis 
or multiple logistic regression analysis, dietary fiber intake was not 
related to self-reported constipation (BHQ080), laxative use status 
(BHQ100), and the frequency of laxative use (BHQ110) (Supple-
mentary Table 2).

The Impact of Physical Activity on the Association 
Between Dietary Fiber Intake and Constipation

According to different definitions of constipation, Figures 2 
and 3 show the interaction effect between dietary fiber intake and 
constipation in different subgroups. Adjusting for gender, age, eth-
nicity, education, marital status, income-poverty ratio, BMI, smok-
ing, poor oral health, vitamin D deficiency, depression, diabetes, 
chronic disease, milk, total fat, carbohydrate, protein, total saturated 
fatty acids, cholesterol, alcohol, and moisture, physical activity sig-

Characteristic

Gender

Male

Female

Age

< 45

> 45, < 65

> 65

Ethnicity

Non-Hispanic white

Non-Hispanic black

Mexican American

Other

Education

< 12th grade

High school

College

Marital status

Never married

Married

Widowed/divorced/separated

Income-poverty ratio

< 2

> 2

BMI

Normal

Overweight

Obesity

Moisture

T1

T2

T3

Total saturated fatty acids

T1

T2

T3

Physical activity

< 500

> 500

7055

6886

5762

4757

3422

6923

2780

2498

1740

3897

3349

6683

2282

8481

3171

5911

7022

3950

4759

5108

2156

4853

6932

4527

4388

5026

2784

8307

No. of patients P for interactionOR (95% CI)

0.110

0.920

0.007

0.109

0.149

0.132

0.725

0.650

0.446

0.044

1.00 (0.97, 1.02)

0.96 (0.93, 0.99)

0.98 (0.95, 1.01)

0.99 (0.95, 1.02)

0.99 (0.94, 1.04)

0.95 (0.92, 0.99)

1.04 (0.99, 1.10)

1.02 (0.97, 1.07)

0.92 (0.84, 1.01)

1.00 (0.97, 1.04)

0.99 (0.95, 1.04)

0.95 (0.91, 0.99)

1.00 (0.93, 1.07)

0.97 (0.94, 1.00)

1.02 (0.98, 1.06)

1.00 (0.97, 1.02)
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Figure 2. Subgroup analyses of the association between dietary fiber intake and constipation (stool consistency), according to clinical character-
istics. Adjusted for gender, age, ethnicity, education, marital status, income-poverty ratio, body mass index (BMI), smoking, poor oral health, 
vitamin D deficiency, depression, diabetes, chronic disease, milk, total fat, carbohydrate, protein, total saturated fatty acids, cholesterol, alcohol, 
moisture, and physical activity, except for the subgroup variable. Figure 2 shows interaction analyses stratified by gender, age, ethnicity, education, 
marital status, income-poverty ratio, BMI, moisture, total saturated fatty acids, and physical activity. More subgroup analyses of other variables are 
shown in Supplementary Figure 1.
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nificantly modified the association between dietary fiber intake and 
constipation using the stool consistency definition (Fig. 2). Among 
non-active participants, increasing the intake of dietary fiber was 
not related to stool consistency-related constipation (OR, 1.02; 95% 
CI, 0.98-1.05; P = 0.407). For physically active participants, how-
ever, an increase in dietary fiber intake was associated with stool 
consistency-related constipation (OR, 0.97; 95% CI, 0.94-0.99; 
P = 0.020). Moreover, the relationship between dietary fiber in-
take and stool consistency-related constipation was significantly dif-

ferent for different physical activity groups (P interaction = 0.044) 
(Fig. 2). For constipation defined using stool frequency, increasing 
dietary fiber intake was not related to constipation among the non-
active participants (OR, 0.99; 95% CI, 0.94-1.05; P = 0.767) nor 
physically active participants (OR, 1.01; 95% CI, 0.97-1.04; P = 
0.751) (Fig. 3). Furthermore, the relationship between dietary fiber 
intake and constipation using the stool frequency definition was 
not significantly different for different physical activity groups (P 
interaction = 0.672). Other variables including gender, age, ethnic-

Figure 3. Subgroup analyses of the association between dietary fiber intake and constipation (stool frequency) , according to clinical characteristics. 
Adjusted for gender, age, ethnicity, education, marital status, income-poverty ratio, body mass index (BMI), smoking, poor oral health, vitamin D 
deficiency, depression, diabetes, chronic disease, milk, total fat, carbohydrate, protein, total saturated fatty acids, cholesterol, alcohol, moisture, and 
physical activity, except for the subgroup variable. Figure 3 shows interaction analyses stratified by gender, age, ethnicity, education, marital status, 
income-poverty ratio, BMI, moisture, total saturated fatty acids, and physical activity. More subgroup analyses of other variables are shown in 
Supplementary Figure 2. *The model failed because of the small sample size.

Characteristic

Gender

Male

Female

Age

< 45

> 45, < 65

> 65

Ethnicity

Non-Hispanic white

Non-Hispanic black

Mexican American

Other

Education

< 12th grade

High school

College

Marital status

Never married

Married

Widowed/divorced/separated

Income-poverty ratio

< 2

> 2

BMI

Normal

Overweight

Obesity

Moisture

T1

T2

T3

Total saturated fatty acids

T1

T2

T3

Physical activity

< 500

> 500

7055

6886

5762

4757

3422

6923

2780

2498

1740

3897

3349

6683

2282

8481

3171

5911

7022

3950

4759

5108

2156

4853

6932

4527

4388

5026

2784

8307

No. of patients P for interactionOR (95% CI)

0.567

0.090

0.984

0.014

0.219

0.772

0.067

0.641

0.190

0.672

0.98 (0.94, 1.03)

1.00 (0.96, 1.04)

0.95 (0.90, 1.01)

1.02 (0.98, 1.06)

1.02 (0.93, 1.11)

1.00 (0.96, 1.05)

0.99 (0.93, 1.05)

1.00 (0.84, 1.19)

1.05 (1.01, 1.10)

0.97 (0.91, 1.03)

0.96 (0.91, 1.02)

1.01 (0.93, 1.10)

0.97 (0.93, 1.01)

1.03 (0.98, 1.09)

0.99 (0.96, 1.03)

1.00 (0.96, 1.05)

0.95 (0.90, 1.01)

1.02 (0.97, 1.08)

1.03 (0.98, 1.09)

1.01 (0.95, 1.08)

0.97 (0.94, 1.01)

0.98 (0.96, 1.01)

1.05 (0.99, 1.10)

0.98 (0.92, 1.03)

0.99 (0.95, 1.05)

0.99 (0.94, 1.05)

1.01 (0.97, 1.04)

0.8 0.9 1 1.1 1.2

*
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ity, education, marital status, income-poverty ratio, BMI, smoking, 
poor oral health, vitamin D deficiency, depression, diabetes, chronic 
disease, milk, total fat, carbohydrate, protein, total saturated fatty ac-
ids, cholesterol, alcohol, and moisture, did not significantly modify 
the association between dietary fiber intake and constipation based 
on definition of stool consistency and stool frequency (Supplementary 
Fig. 1 and 2, respectively).

Additionally, Supplementary Figure 3 shows the interaction 
effect results of the sensitivity analysis. For physically active par-
ticipants, dietary fiber intake was not associated with self-reported 
constipation (OR, 1.01; 95% CI, 0.99-1.02; P = 0.339). Among 
non-active participants, increasing the intake of dietary fiber was 
not related to self-reported constipation (OR, 1.00; 95% CI, 0.98-
1.03; P = 0.849). Similarly, the correlation between dietary fiber 
intake and laxative use status was not significant among non-active 
participants (OR, 1.00; 95% CI, 0.97-1.04; P = 0.952) nor physi-
cally active participants (OR, 1.02; 95% CI, 0.99-1.05; P = 0.171). 
Moreover, dietary fiber intake was not related to the frequency of 
laxative use among the non-active participants (OR, 1.03; 95% CI, 
0.93-1.13; P = 0.601) nor physically active participants (OR, 1.01; 
95% CI, 0.89-1.15; P = 0.855).

Discussion  

In this study, we evaluated whether dietary fiber intake was re-
lated to constipation in adults and assessed the relationship between 
dietary fiber intake and constipation in groups with different physi-
cal activity levels. From a large, nationally representative sample of 
American adults, the prevalence of constipation defined by stool 
consistency was higher than that defined by stool frequency (7.5% 
vs 3.5%). After adjusting for a wide range of variables, multiple lo-
gistic regression revealed that dietary fiber intake was not associated 
with constipation using 2 different definitions. However, we found 
that the association between dietary fiber intake and constipation 
(based on stool consistency) was inconsistent at different levels of 
physical activity. Specifically, increasing dietary fiber intake was not 
associated with stool consistency-related constipation in the non-
active group, while it was related to stool consistency-related consti-
pation in the physically active group. Nevertheless, we did not find 
that increasing dietary fiber intake was related to constipation (based 
on stool frequency) in either non-active or active groups. 

The results of our study are significantly different from previ-
ous studies that used the NHANES database. Markland et al5 
selected participants greater than 20 years of age from the 2005-
2008 NHANES. According to their study, approximately 10.2% 

of females and 4.0% of males reported constipation. After adjusting 
for multiple variables, dietary fiber intake was not associated with 
constipation (based on stool consistency). In contrast, Shen et al14 
conducted a cross-sectional study using NHANES data from 
2005-2010 and suggested that lower dietary fiber intake was related 
to a higher risk of constipation (based on stool consistency). Ad-
ditionally, Shen et al14 also suggested that participants with less than 
500 MET-minutes per week of physical activity were not associated 
with a high incidence of constipation (based on stool consistency). 
Similarly, Wilson15 analyzed the NHANES data from 2007-2010 
and reported that physical inactivity was not related to hard/lumpy 
stools or passing < 3 stools per week. In a study of nurses’ health, 
Dukas et al16 reported that increasing dietary fiber intake and mod-
erate physical activity can decrease the prevalence of constipation. 
However, previous studies did not discuss the effect of physical 
activity on the interaction between dietary fiber intake and constipa-
tion. 

In a single-center, open-label trial, Zhang et al32 suggested that 
dietary fiber intake can alleviate constipation symptoms, mainly 
stool consistency. Our study provides a new perspective on the role 
of dietary fiber on constipation. The benefits of dietary fiber intake 
for alleviating stool consistency-related constipation may not oc-
cur in the whole population but may be relevant in the physically 
active population. In a meta-analysis of randomized controlled tri-
als, Yang et al33 reported that increasing the intake of dietary fiber 
can increase stool frequency, but cannot improve stool consistency. 
Unfortunately, the effect of physical activity on the association be-
tween dietary fiber intake and constipation was not observed in our 
study when the stool frequency definition was used. Therefore, the 
influence of dietary fiber on constipation may only be observed in 
physically active participants when utilizing the stool consistency 
definition. Furthermore, the preventative effects of dietary fiber for 
constipation may occur by an improvement in stool consistency. 
Compared to the traditionally held belief that dietary fiber promotes 
stool frequency, our results indicate that the correlation between 
dietary fiber intake and stool frequency is not significant. Stool 
frequency may be more likely to correlate with other factors such as 
probiotics,34,35 polyethylene glycol,36 etc. To better understand the 
relationship between dietary fiber intake, stool consistency, and stool 
frequency, it is necessary to further explore their association from a 
clinical and experimental perspective.

To avoid bias caused by the different definitions of constipa-
tion, we carried out the sensitivity analysis focused on other 3 con-
stipation-related symptoms. Using the sensitivity analysis, we did 
not find that dietary fiber intake was associated with self-reported 
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constipation, laxative use status, and the frequency of laxative use 
(Supplementary Table 2). Additionally, dietary fiber intake was not 
related to the above in different physical activity groups (Supple-
mentary Fig. 3). The previous studies showed different views on 
the relationship between dietary fiber intake and laxative use.33,37 In 
order to better investigate the association between dietary fiber and 
self-reported constipation, laxative use status, and the frequency of 
laxative use, we also need to research from the perspective of clinic 
and experiment and enlarge the sample size. 

In addition, the dietary fiber used in this study is likely to be 
more prone to error, as it was obtained through a 24-hour recall. It 
is noteworthy that the potential exposure misclassification resulting 
from such errors would bias toward to the null and thus result in an 
underestimation of the association between dietary fiber intake and 
constipation (based on stool consistency or stool frequency).

The present study has several limitations. First, this was a cross-
sectional study of the NHANES data. This means that causal and 
temporal relationships between dietary fiber intake and constipation 
could not be determined. Therefore, we cannot say for certain that 
increasing dietary fiber intake will improve constipation. Second, 
according to the Rome criteria, the definition of constipation in-
cludes not only stool forms and frequency but also several other 
constipation-associated symptoms. Therefore, the current study 
may not represent the true frequency of constipation. Third, the 
data of BHQ080, BHQ100, and BHQ110 were only included 
from 2009-2010. Hence, to better understand the association 
between dietary fiber intake, we need to enlarge the sample size. 
Fourth, the NHANES survey was self-reported in the format of 
interviews and questionnaires, which can lead to inaccurate infor-
mation and recall bias. For instance, reports of participants’ dietary 
habits were obtained through a 24-hour follow-up. Therefore, we 
could not obtain long-term dietary information. Finally, because few 
participants in the NHANES database reported detailed dietary 
composition information, we were unable to incorporate the amount 
of supplemental fiber that participants may have been taking. These 
should be considered and included in future studies.

In conclusion, after adjusting for gender, age, ethnicity, educa-
tion, marital status, income-poverty ratio, BMI, smoking, poor oral 
health, vitamin D deficiency, depression, diabetes, chronic diseases, 
milk, total fat, carbohydrates, protein, total saturated fatty acids, 
cholesterol, alcohol, moisture, and physical activity, multivariate 
logistic analysis results did not reveal a significant relationship be-
tween dietary fiber intake and constipation. However, for physically 
active participants, increasing dietary fiber intake was associated 
with stool consistency-related constipation while it was not strongly 

related to stool consistency-related constipation among non-active 
participants. In addition, increasing the intake of dietary fiber is not 
significantly associated with stool frequency in different physical 
activity groups. These results suggest that increasing dietary fiber 
intake may alleviate stool consistency-related constipation for physi-
cally active participants.
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Note: To access the supplementary tables and figures men-
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