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Abstract 

Background  Several studies suggest a link between micronutrients and constipation. However, the relationship 
between constipation and phosphorus has rarely been examined. The main aim of this study was to investigate the 
association between changes in the prevalence of chronic constipation and dietary phosphorus intake among adult 
respondents of the National Health and Nutritional Examination Survey (NHANES).

Methods  Data were extracted from the NHANES database for the years 2005–2010. A total of 13,948 people were 
included in the analysis. Dietary information was collected using the respondents’ 24-h dietary records. We conducted 
multiple logistic regression analyses to examine the correlation between phosphorus intake and poor bowel move-
ment. The primary and secondary outcomes was constipation defined by stool consistency and stool frequency, 
respectively.

Results  Following multi-variate adjustment in model III, a significant association between chronic constipation and 
each additional 0.1-g intake of dietary phosphorus (odds ratio [OR], 0.97; 95% confidence interval [CI], 0.95, 1.00; P 
= 0.034 for stool consistency vs. OR, 0.94; 95% CI, 0.90, 0.99; P = 0.027 for stool frequency) was observed. Following 
multi-variate adjustment in model III, OR values and 95% CI from the second to fourth quartiles compared to the first 
quartile (reference group) were 0.92 (0.66, 1.27), 0.73 (0.47, 1.13), and 0.39 (0.20, 0.76), respectively, using the stool 
frequency definition.

Conclusions  This study revealed a negative correlation between phosphorus intake and chronic constipation. This 
may be due to the fact that dietary phosphorus intake is associated with softer stools and increased stool frequency. 
Further studies in different settings should be considered to verify these findings.
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Background
Constipation describes a symptom of difficulty passing 
stool. It can manifest as infrequent stools, hard stools, 
excessive tension, a feeling of incomplete bowel move-
ments, and even the need to assist with defecation by 
hand [1]. In a meta-analysis integrating 100 papers, the 
combined prevalence of chronic constipation was 14% 
(95% confidence interval [CI]: 12–17%) [2]. The inci-
dence of chronic constipation varies according to sex, 
and women are approximately twice as likely to suffer 
from constipation than do men [2]. In addition, constipa-
tion is affected by factors such as age and socioeconomic 
status [3]. The preferred treatment option for people with 
chronic constipation is usually diet and lifestyle regula-
tion [3].

Phosphorus is an indispensable trace element in the 
human body [4]. Phosphate enemas are used to treat con-
stipation because of their permeability, which increases 
stool bulk [5]. Sodium phosphate enema therapy is effec-
tive in the treatment of chronic constipation [6]. Nev-
ertheless, the relationship between the prevalence of 
chronic constipation and changes in dietary phosphorus 
intake has been poorly studied in the general population. 
Although a relationship between the intake of trace ele-
ments and chronic constipation has been reported, few 
studies have focused on the relationship between the 
changes in phosphorus intake among trace elements and 
chronic constipation [7]. Phosphorus is found in many 
foods, including meat and poultry, with the highest con-
centration in milk and its processed products [8].

In studies published using the National Health and 
Nutritional Examination Survey (NHANES) database, 
constipation is generally defined by stool frequency and 
consistency [9, 10]. Different prevalence rates of consti-
pation have been reported according to the definition 
used [3, 7]. Therefore, whether differences in the defini-
tion of constipation affect the relationship between the 
prevalence of chronic constipation and changes in die-
tary phosphorus intake remains unknown.

The NHANES database is a large population-based 
database based in the United States. We used the 
NHANES database to statistically control for rele-
vant confounding factors and explore the relationship 
between the intake of the trace element phosphorus and 
chronic constipation. This study provides a reference for 
future research on the relationship between the dietary 
intake of phosphorus and chronic constipation.

Methods
Study participants
We extracted data on respondents from the NHANES 
database of cross-sectional studies for the years 2005–
2010 divided into three 2-yearly cycles (2005–2006, 

2007–2008, and 2009–2010). The data for these three 
cycles included a bowel health questionnaire (BHQ). 
These data were collected using a hierarchical multilevel 
probability design, allowing for a weighted analysis of the 
population. The NHANES data collection was approved 
by the National Center for Health Statistics’ Ethics 
Review Board. Each participant signed an informed con-
sent form. The NHANES database is organized by the 
Center for Disease Control and Prevention, National 
Center for Health Statistics (Atlanta, GA, USA).

Data from 17,132 individuals aged ≥ 20 years were col-
lected from the 2005–2010 NHANES database. Data for 
2541 individuals lacking information on stool consist-
ency and frequency were removed. Moreover, 643 partic-
ipants were excluded from the study due to the following 
reasons: lack of data on dietary phosphorus intake (237), 
pregnancy (379), and phosphorus levels > 4000 mg (27). 
The detailed flow chart of population selection is pre-
sented in Fig. 1.

Definition of constipation
We defined chronic constipation using the description 
of stool frequency and consistency in the detailed BHQ 
used in the 2005–2006, 2007–2008, and 2009–2010 
cycles. Previous studies have shown that faecal traits can 
predict intestinal passage time [11] and have used stool 
traits to define constipation [9, 12]. The Bristol Stool 
Form Scale classifies stool consistency into seven types. 
The first two categories (Type 1: separate hard lumps, 
such as nuts; Type 2: sausage-like, but lumpy) were 
regarded as constipation, while the remaining types were 
considered as non-constipation.

The outcome of this study was constipation. Specifi-
cally, the primary and secondary outcome was consti-
pation defined by stool consistency stool frequency, 
respectively.

When collecting information on stool frequency, 
participants were asked the following question: “How 
many times a week do you usually have a bowel move-
ment?” Constipation was defined as a stool frequency 
not exceeding two bowel movements per week, and non-
constipation was defined as a stool frequency of over two 
bowel movements per week.

A sensitivity analysis was implemented using self-
reported constipation, laxative use status, and the fre-
quency of laxative use. In self-reported constipation, 
non-constipation and constipation were classified 
according to self-reported constipation questionnaires 
(BHQ080). Laxative use was categorized as “used” and 
“not used” (BHQ 100). As for the frequency of laxative 
use, participants were asked “how many times have you 
taken laxatives or stool softeners in the past 30 days?” 
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(BHQ110). If respondents answered that they used lax-
ative on most days, use was defined as frequent. Use of 
laxatives 2–3 times per month, once per month, or 1–3 
times per month was described as infrequent. As the 
three-constipation-related symptoms were only used in 
the 2009–2010 cycle, we performed the sensitivity analy-
sis for this cycle only [13].

Phosphorus intake
The collection of dietary information has been previ-
ously described [12, 14, 15]. The multi-pass approach was 
used to collect phosphorus intake data from 24-h dietary 
recall. Accurate information on food and drink intake 
was collected during the 24-h period. Each participant 
was interviewed twice, and dietary recalls were collected 
on both occasions. The first recall was based on a face-
to-face interview with investigators at the Mobile Exami-
nation Center, and the second recall was conducted by 
telephone interview 3–10 days later. We used the mean 
phosphorus intake from the two dietary recalls for the 
analysis, and if the participants had information missing 
from the second dietary interview, we used the informa-
tion from the first interview.

Covariates
In accordance with previous reports on phosphorus and 
gut-related diseases, we included the following relevant 
covariates: milk consumption and energy, total fat, die-
tary fibre, selenium, magnesium, calcium, sodium, potas-
sium, plain water, tap water, bottled water, tea, and coffee 
intake, smoking and drinking status, diagnosis of diabe-
tes, hypertension, or depression or presence of poor oral 
health; income-poverty ratio, physical activity, body mass 
index (BMI), education, age, sex, and ethnicity [14–16]. 
We divided participants according to three age groups 
(< 45, ≥ 45 and < 65, and ≥ 65 years old). The following 
race and ethnicity categories were used: Non-Hispanic 
Black, Non-Hispanic White, Mexican American, Other 
Hispanic, and Other. Education level was divided into 
the following categories: < high school, high school, and 
> high school. The family income-to-poverty ratio (%) is 
the ratio of family income to the federal poverty thresh-
old and the cut-off points were < 2 and ≥ 2. According 
to the classification of previous literature [13], we used 
the weekly metabolic equivalent of task (MET) minutes 
to classify participants based on physical activity as inac-
tive (< 500 MET-min/week) or active (≥ 500 MET-min/
week). We categorized participants according to smok-
ing status as follows: never smokers (participants who 

Fig. 1  A flow chart of the process. Notes A flow chart of the process for the selection of eligible participants using data from the National Health 
and Nutrition Examination Survey (NHANES) 2005–2010



Page 4 of 14Zhao et al. BMC Gastroenterology           (2023) 23:24 

had smoked < 100 cigarettes in their lifetime), former 
smokers (those who had smoked > 100 cigarettes in their 
lifetime but did not currently smoke), and now smokers 
(those who had smoked > 100 cigarettes in their lifetime 
and still smoked on some days or every day). Participants 
were categorized as drinkers if they drank ≥ 12 alcoholic 
beverages per year, otherwise non-drinkers. Regarding 
the frequency of milk consumption, participants were 
categorized as never drinking, rarely drinking (less than a 
week), sometimes drinking (once a week or more, but less 
than once a day), and frequently drinking (once a day or 
more). Based on BMI (kg/m2), participants were divided 
into three categories: obese (≥ 30), overweight (25–29.9), 
and under/normal weight (< 25). A diagnosis of diabetes 
was made if any of the following criteria applied: (1) a 
diagnosis of diabetes mellitus by a doctor; (2) a plasma 
glucose level taken 2 h after an oral glucose tolerance test 
or a random blood glucose level ≥ 11.1 mmol/L; (3) a 
fasting blood glucose ≥ 7.0 mmol/L; (4) glycohemoglobin 
HbA1 ≥ 6.5%; (5) participants undergoing treatment 
with oral medication for diabetes or intramuscular insu-
lin. We used hypertension medication use, hypertension-
related questionnaires, and systolic and diastolic blood 
pressure readings to determine whether the participant 
had hypertension. Participants with a Patient Health 
Questionnaire (PHQ-9) score ≥ 10 were diagnosed with 
depression. Interviewers collected dietary information 
regarding the following: total fibre (tertile 1: T1 < 11.6; 
tertile 2: T2, 11.6–18.0; tertile 2: T3 ≥ 18.1 g/day), total 
fat (T1 < 55.4; T2, 55.4–85.0; T3 ≥ 85.1 g/day), protein 
(T1 < 61.0; T2, 61.1–88.1; T3 ≥ 88.2 g/day), calcium (T1 
< 644.5; T2, 644.5–1004.0; T3 ≥ 1004.1 mg/day), sodium 
(T1 < 2523.5; T2, 2523.5–3689.0; T3 ≥ 3 689.1 mg/day), 
potassium (T1 < 2060.0; T2, 2060–2910.0; T3 ≥ 2910.1 
mg/day), total energy (T1 < 1590.0; T2, 1590.0–2247.0; 
T3 ≥ 2247.1 kcal/day); intake of plain water (T1 < 385.1; 
T2, 385.1–1059.1; T3 ≥ 1059.1 g/day; missing data), tap 
water (= 0; > 0 g/day; missing data), bottled water (= 0; > 
0 g/day; missing data), tea (= 0; > 0 g/day; missing data), 
and coffee (= 0; > 0 g/day; missing data).

Statistical analyses
We explored the relationship between changes in dietary 
phosphorus intake and the prevalence of chronic consti-
pation in the NHANES dataset using statistical methods 
for weighted sampling. As oversampling had occurred in 
some populations, the weighted statistical method was 
applied to the data to avoid bias and ensure accuracy of 
the results. We set the continuous variables as categori-
cal variables based on a previous study [13]. Categorical 
variables are expressed as weighted percentages and con-
fidence intervals (95% CI). Furthermore, we investigated 
the relationship between changes in dietary phosphorus 

intake and the prevalence of chronic constipation using 
several multiple logistic regression models adjusted for 
relevant confounders. Model I is the unadjusted model. 
In model II, the data were adjusted for participant age (< 
45; ≥ 45 < 65; ≥ 65 years old), sex, and ethnicity (Non-
Hispanic White, Non-Hispanic Black, Mexican Ameri-
can, Other Hispanic, or Other). Model-III was further 
adjusted for income-poverty ratio (%) (< 2, ≥ 2, or miss-
ing data), Physical activity (MET-min/week) (< 500, ≥ 
500, or missing data), BMI (kg/m2) (< 25, 25–29.9, or ≥ 
30), poor oral health (yes, no, or missing data), hyper-
tension (yes or no), depression (yes or no), diabetes (yes 
or no), smoking status (never, former, or now), drinking 
status (yes or no), milk consumption (often, sometimes, 
rarely, or never), and energy (T1 < 1590.0; T2, 1590.0–
2247.0, T3 ≥ 2247.1 kcal/day).

In addition, we used smooth curve fitting after adjust-
ing for confounding factors to show more intuitively the 
relationship between the changes in dietary phosphorus 
intake and the prevalence of chronic constipation. In the 
curve fitting graph, the middle line represents the effect 
size, and the area on both sides of the line represents the 
95% CI. We further applied interaction, stratified analy-
sis, and univariate analysis based on the variables, includ-
ing age (< 45, ≥ 45 < 65, or ≥ 65 years old), sex, and 
ethnicity (Non-Hispanic White, Non-Hispanic Black, 
Mexican American, Other Hispanic, or Other), BMI (kg/
m2) (< 25, 25–29.9, or ≥ 30), Physical activity (MET-min/
week) (< 500, ≥ 500, or missing data), poor oral health 
(yes, no, or missing data), hypertension (yes or no), 
depression (yes or no), diabetes (yes or no), smoking sta-
tus (never, former, or now), drinking status (yes or no), 
milk consumption (often, sometimes, rarely, or never), 
plain water (T1 < 385.1; T2, 385.1–1059.1; T3 ≥ 1059.1 
g/day; missing data), tap water (= 0; > 0 g/day; missing 
data), bottled water (= 0; > 0 g/day; missing data), tea (= 
0; > 0 g/day; missing data), coffee (= 0; > 0 g/day; miss-
ing data), energy (T1 < 1590.0; T2, 1590.0–2247.0; T3 ≥ 
2247.1 kcal/day), and income-poverty ratio (%) (< 2, ≥ 
2, or missing data). Due to the missing data on income-
poverty ratio (%), physical activity, poor oral health, and 
intake of plain water, tap water, bottled water, tea, and 
coffee, we categorized participants with missing data as a 
separate group for analysis [17]. We used multiple impu-
tation based on five replications and a chained equation 
approach method in the R MI procedure, to account for 
the missing data.

All statistical analyses were performed using R pack-
ages (The R Foundation; http://​www.r-​proje​ct.​org; ver-
sion 3.4.3) and Empower (R) (www.​empow​ersta​ts. com, 
X&Y solutions, inc. Boston, Massachusetts). A P value < 
0.05 was considered statistically significant.

http://www.r-project.org
http://www.empowerstats


Page 5 of 14Zhao et al. BMC Gastroenterology           (2023) 23:24 	

Table 1  Baseline Characteristics of the Study Population from National Health and Nutrition Examination Survey 2005–2010 (Using 
the Stool Consistency Definition of Constipation), weighted

Characteristic No constipation (unweight n = 12,899; weight n = 
181,298,423)

Constipation (unweight n = 1049; weight n = 
13,397,989)

P value

n Proportion % (95% CI) SE of % n Proportion % (95% CI) SE of %

Sex  < 0.001

Female 6214 49.7 (48.6,50.7) 0.5 706 71.4 (67.4,75.1) 1.9

Male 6685 50.3 (49.3,51.4) 0.5 343 28.6 (24.9,32.6) 1.9

Age (yr) 0.105

 < 45 5301 45.8 (43.7,47.9) 1.0 479 49.8 (45.8,53.8) 2.0

≥ 45, < 65 4423 36.9 (35.6,38.3) 0.7 342 32.7 (29.0,36.6) 1.9

 ≥ 65 3175 17.3 (16.0,18.6) 0.6 246 17.5 (15.0,20.4) 1.3

Ethnicity  < 0.001

Non-Hispanic White 6465 72.4 (68.6,75.9) 1.8 456 64.2 (57.2,70.7) 3.4

Mexican American 2309 7.8 (6.1,9.8) 0.9 191 9.7 (7.3,12.7) 1.3

Non-Hispanic Black 2542 10.7 (9.0,12.6) 0.9 245 15.4 (11.7,19.9) 2.0

Other Hispanic 1068 4.1 (3.1,5.5) 0.6 118 5.2 (3.6,7.4) 0.9

Other Race 515 5.1 (4.3,5.9) 0.4 39 5.5 (3.0,9.8) 1.6

Education  < 0.001

 < High school 3550 17.5 (15.9,19.1) 0.8 353 24.1 (20.4,28.2) 1.9

High School 3036 24.1 (22.7,25.5) 0.7 286 29.2 (25.4,33.4) 2.0

 > High School 6280 58.5 (56.0,60.9) 1.2 407 46.7 (41.5,51.9) 2.6

Income-poverty ratio (%)  < 0.001

 < 2 5393 30.3(28.4,32.3) 1.0 517 39.9 (35.5, 44.4) 2.2

 ≥ 2 6578 64.2 (62.0,66.3) 1.1 451 53.2 (48.8, 57.5) 2.2

Missing data 928 5.5 (4.8, 6.3) 0.4 81 7.0 (4.8, 9.9) 1.2

BMI (kg/m2)  < 0.001

 < 25 3589 30.9 (29.1,32.7) 0.9 364 38.4 (34.2,42.7) 2.1

 ≥ 25, < 30 4417 33.6 (32.1,35.1) 0.7 342 33.9 (30.2,37.8) 1.9

 ≥ 30 4782 35.5 (33.9,37.1) 0.8 331 27.8 (24.3,31.5) 1.8

Physical activity (MET-min/week)  < 0.001

 < 500 2405 20.3 (19.0, 21.8) 0.7 194 20.8 (17.4, 24.7) 1.8

 ≥ 500 7126 59.4 (57.5, 61.3) 1.0 504 52.2 (48.6, 55.8) 1.8

Missing data 3368 20.2 (18.9, 21.6) 0.7 351 27.0 (23.7, 30.5) 1.7

Poor oral health  < 0.001

No 10,162 82.4 (81.0,83.7) 0.7 775 76.3 (72.8, 79.6) 1.7

Yes 1680 10.0 (9.2,10.8) 0.4 170 15.7 (12.8, 19.2) 1.6

Missing data 1057 7.6 (6.6, 8.8) 0.5 104 8.0 (6.5, 9.8) 0.8

Hypertension 0.155

No 8115 67.4 (65.9,68.8) 0.7 710 69.9 (66.0,73.5) 1.9

Yes 4782 32.6 (31.2,34.1) 0.7 339 30.1 (26.5,34.0) 1.9

Depression  < 0.001

No 11,776 92.7 (91.8,93.5) 0.4 902 86.6 (83.3,89.3) 1.5

Yes 1077 7.3 (6.5,8.2) 0.4 141 13.4 (10.7,16.7) 1.5

Diabetes 0.521

No 10,579 87.4 (86.3,88.3) 0.5 877 88.2 (85.7,90.2) 1.1

Yes 2313 12.6 (11.7,13.7) 0.5 172 11.8 (9.8,14.3) 1.1

Smoking status 0.013

Never 6651 51.8 (50.0,53.6) 0.9 622 57.1 (53.2,60.9) 1.9

Former 3349 25.2 (23.8,26.5) 0.7 221 20.8 (17.8,24.2) 1.6

Now 2896 23.0 (21.7,24.3) 0.6 206 22.1 (18.9,25.7) 1.7



Page 6 of 14Zhao et al. BMC Gastroenterology           (2023) 23:24 

Table 1  (continued)

Characteristic No constipation (unweight n = 12,899; weight n = 
181,298,423)

Constipation (unweight n = 1049; weight n = 
13,397,989)

P value

n Proportion % (95% CI) SE of % n Proportion % (95% CI) SE of %

Drinking status  < 0.001

No 3502 22.7 (20.8,24.7) 1.0 403 33.7 (29.9,37.7) 1.9

Yes 9390 77.3 (75.3,79.2) 1.0 644 66.3 (62.3,70.1) 1.9

Milk 0.031

Often 5222 41.8 (40.1,43.5) 0.8 460 46.0 (40.8,51.2) 2.6

Sometimes 3657 28.7 (27.6,29.9) 0.6 257 22.8 (19.2,26.9) 1.9

Rarely 1895 14.2 (13.3,15.2) 0.5 145 13.8 (11.0,17.1) 1.5

Never 2077 15.3 (14.3,16.4) 0.5 181 17.4 (14.5,20.8) 1.6

Energy  < 0.001

T1 4205 28.9 (27.6,30.2) 0.6 440 39.3 (34.6,44.2) 2.4

T2 4298 34.1 (32.8,35.5) 0.7 355 35.9 (31.6,40.6) 2.3

T3 4396 36.9 (35.3,38.6) 0.8 254 24.7 (21.9,27.8) 1.5

Total fat  < 0.001

T1 4211 28.5 (27.1,29.9) 0.7 438 38.8 (34.5,43.4) 2.2

T2 4290 33.7 (32.5,34.9) 0.6 359 35.8 (32.3,39.5) 1.8

T3 4398 37.8 (36.2,39.5) 0.8 252 25.4 (22.3,28.6) 1.6

Dietary fiber  < 0.001

T1 4175 30.1 (28.3,31.9) 0.9 447 43.5 (39.9,47.2) 1.8

T2 4245 34.5 (33.2,35.8) 0.6 328 30.2 (26.5,34.1) 1.9

T3 4379 35.4 (33.4,37.5) 1.0 247 26.3 (22.5,30.6) 2.0

Selenium  < 0.001

T1 4192 29.6 (28.3,30.8) 0.6 455 44.0 (39.2,48.9) 2.4

T2 4295 33.1 (31.9,34.3) 0.6 351 32.4 (28.5,36.6) 2.0

T3 4412 37.3 (35.7,38.9) 0.8 243 23.6 (19.2,28.6) 2.3

Magnesium  < 0.001

T1 4182 27.7 (26.0,29.5) 0.9 467 42.4 (38.3,46.7) 2.1

T2 4308 33.6 (32.6,34.6) 0.5 341 33.4 (29.6,37.5) 2.0

T3 4409 38.7 (36.9,40.5) 0.9 241 24.2 (20.6,28.2) 1.9

Calcium  < 0.001

T1 4242 28.4 (26.9,30.0) 0.8 405 35.2 (31.3,39.3) 2.0

T2 4287 33.4 (32.2,34.7) 0.6 364 36.4 (33.0,39.9) 1.7

T3 4370 38.2 (36.4,39.9) 0.9 280 28.4 (24.6,32.5) 2.0

Sodium  < 0.001

T1 4208 28.0 (26.7,29.4) 0.7 441 38.8 (34.5,43.2) 2.2

T2 4266 33.7 (32.4,34.9) 0.6 381 38.8 (34.8,43.0) 2.1

T3 4425 38.3 (36.9,39.7) 0.7 227 22.4 (19.9,25.2) 1.3

Potassium  < 0.001

T1 4187 28.5 (26.9,30.2) 0.8 457 41.0 (37.0,45.1) 2.0

T2 4304 32.6 (31.5,33.6) 0.5 349 32.3 (28.3,36.5) 2.0

T3 4408 38.9 (37.1,40.7) 0.9 243 26.7 (23.3,30.4) 1.8

Phosphorus  < 0.001

T1 4089 28.1 (26.5,29.7) 0.8 457 40.4 (36.7,44.2) 1.9

T2 4311 33.7 (32.5,34.8) 0.6 340 32.8 (29.0,36.8) 1.9

T3 4399 38.3 (36.8,39.8) 0.7 252 26.8 (23.8,30.0) 1.5

Plain water  < 0.001

T1 3773 26.9 (25.4,28.6) 0.8 354 35.0 (30.3,40.1) 2.5

T2 3796 28.9 (27.7,30.1) 0.6 334 31.4 (27.6,35.4) 2.0
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Results
Clinical characteristics
Using the Bristol Stool Form Scale to define chronic 
constipation, the weighted prevalence of chronic con-
stipation was 6.9% (95% CI, 6.4–7.4%) in the United 
States; when we defined constipation by stool fre-
quency, the prevalence of constipation was 3.3% (95% 
CI, 2.8–3.9%) in the United States. Table 1 and Addi-
tional file 1: Table S2 show the basic characteristics of 
the population with constipation defined by the Bris-
tol Stool Form Scale and stool frequency, respectively. 
Chronic constipation is associated with sex; ethnic-
ity; BMI; education; income-poverty ratio; poor oral 
health; physical activity; depression; smoking status; 
drinking status; milk consumption; dietary phosphorus 
intake; and plain water, tap water, and coffee intakes 
(P < 0.05) (Table 1). However, there was no association 
with age, hypertension, diabetes, and intake of bot-
tled water and tea. Certain differences were observed 
between results obtained using a definition of consti-
pation based on stool consistency and those defined 
using stool frequency; of which, the difference in age 
was significant, while no significant difference was 
found for BMI and physical activity (Additional file 1: 
Table S2).

Table 2 presents the prevalence of chronic constipa-
tion by definition and sex. The results show differences 
in the prevalence of chronic constipation according to 
the definition used (6.9%, 95% CI 6.4, 7.4 for stool con-
sistency vs. 3.3%, 9.5% CI 2.8, 3.9 for stool frequency). 
In constipation defined by stool frequency, the preva-
lence of chronic constipation varied according to sex 
(5.5%, 95% CI 4.6, 6.5 in women vs. 1.1%, 95% CI 0.8, 
1.5 in men).

Table 1  (continued)

Characteristic No constipation (unweight n = 12,899; weight n = 
181,298,423)

Constipation (unweight n = 1049; weight n = 
13,397,989)

P value

n Proportion % (95% CI) SE of % n Proportion % (95% CI) SE of %

T3 3896 34.0 (32.1,35.9) 1.0 242 24.4 (21.0,28.2) 1.8

Missing data 1434 10.2 (9.3,11.2) 0.5 119 9.2 (6.8,12.4) 1.4

Tap water 0.036

 = 0 4309 30.1 (28.1,32.1) 1.0 403 35.9 (30.6,41.6) 2.8

 > 0 7156 59.7 (57.5,61.9) 1.1 527 54.9 (49.9,59.8) 2.5

Missing data 1434 10.2 (9.3,11.2) 0.5 119 9.2 (6.8,12.4) 1.4

Bottled water 0.313

 = 0 6179 49.8 (47.5,52.2) 1.2 510 53.3 (48.6,58.0) 2.3

 > 0 5286 40.0 (37.9,42.0) 1.0 420 37.5 (33.1,42.1) 2.3

Missing data 1434 10.2 (9.3,11.2) 0.5 119 9.2 (6.8,12.4) 1.4

Coffee 0.004

 = 0 4409 35.2 (33.7,36.8) 0.8 419 42.2 (38.1,46.4) 2.1

 > 0 7055 54.6 (52.9,56.2) 0.8 510 48.6 (44.6,52.5) 2.0

Missing data 1435 10.2 (9.3,11.2) 0.5 120 9.2 (6.8,12.4) 1.4

Tea 0.659

 = 0 7483 57.1 (55.2,59.0) 0.9 607 56.4 (51.0,61.6) 2.6

 > 0 3981 32.7 (30.8,34.6) 1.0 322 34.3 (29.7,39.3) 2.4

Missing data 1435 10.2 (9.3,11.2) 0.5 120 9.2 (6.8,12.4) 1.4

Numbers that do not add up to 100% are attributable to missing data

BMI body mass index, CI confidence interval

Table 2  Comparison of Constipation Prevalence According to 
Stool Consistency and Stool Frequency Definitions in NHANES 
2005–2010, weighted

All values are presented as percentage (95% CI)

Characteristic No constipation Constipation

n % (95% CI) n % (95% CI)

Stool consistency (overall) 12,899 93.1 (92.6, 93.6) 1049 6.9 (6.4, 7.4)

 Female 6214 90.4 (89.6, 91.1) 706 9.6 (8.9, 10.4)

 Male 6685 96.0 (95.1, 96.7) 343 4.0 (3.3, 4.9)

Stool frequency (overall) 13,463 96.7 (96.1, 97.2) 485 3.3 (2.8, 3.9)

 Female 6548 95.4 (93.5, 95.4) 372 5.5 (4.6, 6.5)

 Male 6915 98.9 (98.5, 99.2) 113 1.1 (0.8, 1.5)
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Dietary phosphorus intake and constipation
In Figs. 2 and 3, the fitting curve describing the relation-
ship between dietary phosphorus intake and constipa-
tion slopes downward, indicating a negative relationship 
between the two. We used multiple logistic regression 
models to further demonstrate this relationship wherein 
constipation was defined by stool consistency (Table  3) 
and stool frequency (Table  4). The unadjusted model 
in Table  3 shows that dietary phosphorus intake (every 
additional 0.1 g) was associated with constipation, as 
defined by the Bristol Stool Form Scale (0.94, 0.92–0.96, 
P < 0.001). Table 4 shows a similar result for constipation 
defined by different bowel movements (0.89, 0.86–0.92, 
P < 0.001). Model II shows that dietary phosphorus intake 
remained correlated with constipation after adjust-
ing for sex, age, and race (0.97, 0.95–0.98; P < 0.001 for 
stool consistency vs. 0.93, 0.90–0.97, P < 0.001 for stool 
frequency). Model III shows a clear association after 
adjusting for age (< 45, ≥ 45 < 65, and ≥ 65 years old); sex 
and ethnicity (Non-Hispanic White, Mexican American, 

Non-Hispanic Black, Other Hispanic, and Other Race); 
BMI (< 25 kg/m2, 25–29.9 kg/m2, and ≥ 30 kg/m2); Physi-
cal activity (MET-min/week) (< 500, ≥ 500, or missing 
data); poor oral health (yes, no, missing data); hyperten-
sion (yes, no); depression (yes, no); diabetes (yes, no); 
smoking status (never, former, and now); drinking status 
(yes, no); milk (often, sometimes, rarely, never); energy 
(T1 < 1590.0; T2, 1590.0–2247.0; T3 ≥ 2247.1 kcal/day); 
and income-poverty ratio (%) (< 2, ≥ 2, or missing data) 
(0.97, 0.95–1.00, P = 0.045 for stool consistency vs. 0.94, 
0.90–0.99, P = 0.034 for stool frequency). In model III, 
the odds ratio (OR) (95% CI) for the second to fourth 
quartiles compared with the reference group were 0.92 
(0.66, 1.27), 0.73 (0.47, 1.13), and 0.39 (0.20, 0.76), respec-
tively, using the stool frequency definition (Table 4). The 
prevalence of constipation gradually decreased as the 
quartile increased (P for trend = 0.012). We found val-
ues for the trend test for similar trends in men (P = 0.032 
for stool consistency vs. P = 0.001 for stool frequency). 
However, similar results were not observed in the general 

Fig. 2  Overall Survival (Using the Stool Consistency Definition of Constipation). Notes the relationship between dietary phosphorus and 
constipation (Using the Stool Consistency Definition of Constipation), unweighted. *Adjusted for age (< 45, ≥ 45 < 65, and ≥ 65 years old), sex and 
ethnicity (Non-Hispanic White, Mexican American, Non-Hispanic Black, Other Hispanic, and Other Race), BMI (< 25 kg/m2, 25–29.9 kg/m2, and ≥ 30 
kg/m2), Physical activity (MET-min/week) (< 500, ≥ 500, or missing data), poor oral health (yes, no, missing data), hypertension (yes, no), depression 
(yes, no), diabetes (yes, no), smoking status (never, former, and now), drinking status (yes, no), milk (often, sometimes, rarely, never), energy (T1 < 
1590.0; T2, 1590.0–2247.0; T3 ≥ 2247.1 kcal/day), and income-poverty ratio (%) (< 2, ≥ 2, or missing data)



Page 9 of 14Zhao et al. BMC Gastroenterology           (2023) 23:24 	

population defined by stool consistency (P for trend = 
0.181), nor in women (P for trend = 0.413 for stool con-
sistency vs. P for trend = 0.335 for stool frequency).

To reduce the bias caused by different definitions, we 
performed sensitivity analysis (Additional file 1: Table S1) 
with three further variables that may affect the preva-
lence of constipation: laxative use, self-reported con-
stipation, and the frequency of laxative use. Sensitivity 
analysis revealed that dietary phosphorus intake was not 
related to laxative use, self-reported constipation, or fre-
quency of laxative use. Moreover, we performed a regres-
sion analysis after multiple imputation (Additional file 1: 
Tables S7 and S8).

Crude association of constipation with demography, 
comorbidity, physical activity, smoking, alcohol 
consumption, and diet
Additional file  1: Table  S3 for stool consistency and 
Additional file  1: Table  S4 for stool frequency present 
the crude associations of constipation with demography, 

comorbidity, physical activity, smoking status, drink-
ing status, and diet. Additional file  1: Table  S3 shows 
that poor oral health, depression, and tea are associated 
with increased constipation. Meanwhile, the following 
were associated with decreased constipation: male sex, 
higher level of education, higher income-poverty ratio, 
increased BMI, higher level of physical activity, hyper-
tension, diabetes, smoking status, drinking status, higher 
dietary phosphorus intake, higher plain water intake, 
and coffee. Additional file  1: Table  S4 presents similar 
observed trends, except that smoking was associated 
with increased constipation, while often milk consump-
tion and increased age were associated with decreased 
constipation.

Stratified analysis of dietary phosphorus and chronic 
constipation
Additional file  1: Tables S5 and S6 show the results of 
stratified analysis of unadjusted variables to define con-
stipation by the Bristol Stool Form Scale and different 

Fig. 3  Overall Survival (Using the Stool Consistency Definition of Constipation). Notes the association between dietary phosphorus and 
constipation (Using the Stool Frequency Definition of Constipation), unweighted. *Adjusted for age (< 45, ≥ 45 < 65, and ≥ 65 years old), sex and 
ethnicity (Non-Hispanic White, Mexican American, Non-Hispanic Black, Other Hispanic, and Other Race), BMI (< 25 kg/m2, 25–29.9 kg/m2, and ≥ 30 
kg/m2), Physical activity (MET-min/week) (< 500, ≥ 500, or missing data), poor oral health (yes, no, missing data), hypertension (yes, no), depression 
(yes, no), diabetes (yes, no), smoking status (never, former, and now), drinking status (yes, no), milk (often, sometimes, rarely, never), energy (T1 < 
1590.0; T2, 1590.0–2247.0; T3 ≥ 2247.1 kcal/day), and income-poverty ratio (%) (< 2, ≥ 2, or missing data)
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bowel movements, showing the relationship between 
dietary phosphorus intake and chronic constipation in 
different layers. Stratification was based on the relevant 
covariates. The relationship between dietary phospho-
rus intake and chronic constipation showed a decreasing 
trend, despite the application of two different definitions 
of chronic constipation. In Additional file  1: Table  S5, 
significant interactions were observed when stratified by 
hypertension (P = 0.022), smoking (P = 0.028), income-
poverty ratio (P = 0.042), and drinking (P = 0.036). In 
Additional file  1: Table  S6, significant interactions were 
observed when stratified by depression (P = 0.038) and 
intake of plain water (P = 0.004), tap water (P = 0.003), 
bottled water (P = 0.002), tea (P = 0.002), and coffee 
(P < 0.001).

Discussion
We screened data from the 2005 to 2010 NHANES data-
base to investigate whether dietary phosphorus intake 
was associated with chronic constipation in people aged 
> 20 years. After controlling for other relevant confound-
ing factors, increased dietary phosphorus intake still 
relieved chronic constipation. The commonly used diag-
nostic criteria for constipation are the Rome IV criteria, 
which classify constipation as functional constipation, 
opioid-induced constipation, functional defecation disor-
der, and the irritable bowel syndrome with constipation 
[1]. In an epidemiological survey conducted in the UK, 
US, and Canada, the prevalence of functional constipa-
tion according to the Rome IV criteria was at 7.9–8.6% 
[18].

Our definition of chronic constipation was based on 
stool frequency and consistency, which were derived 
from the number of bowel movements and the Bristol 

Table 3  Regression Analyses of the Association Between Dietary Phosphorus Intake and Chronic Constipation (stool consistency), 
weighted

Model I was not adjusted

Model II was adjusted for age, sex and ethnicity. age (< 45, ≥ 45 < 65, and ≥ 65 years old), sex and ethnicity (Non-Hispanic White, Mexican American, Non-Hispanic 
Black, Other Hispanic, and Other Race)

Model III was adjusted for Adjusted for age (< 45, ≥ 45 < 65, and ≥ 65 years old), sex and ethnicity (Non-Hispanic White, Mexican American, Non-Hispanic Black, 
Other Hispanic, and Other Race), BMI (< 25 kg/m2, 25–29.9 kg/m2, and ≥ 30 kg/m2), Physical activity (MET-min/week) (< 500, ≥ 500, or missing data), poor oral health 
(yes, no, missing data), hypertension (yes, no), depression (yes, no), diabetes (yes, no), smoking status (never, former, and now), drinking status (yes, no), milk (often, 
sometimes, rarely, never), energy (T1 < 1590.0; T2, 1590.0–2247.0; T3 ≥ 2247.1 kcal/day), and income-poverty ratio (%) (< 2, ≥ 2, or missing data)

Exposure Phosphorus intake (mg) Model I Model II Model III

Overall 13,948 13, 948 13, 758

 Phosphorus for each 0.1 g 0.94 (0.92, 0.96) 0.97 (0.95, 0.98) 0.97 (0.95, 1.00)

 Per 1 SD 0.71 (0.64, 0.78) 0.83 (0.75, 0.91) 0.86 (0.75, 0.98)

 Q1  < 905.0 Ref Ref Ref

 Q2 905.0–1215.0 0.92 (0.70, 1.20) 1.02 (0.79, 1.33) 1.10 (0.84, 1.45)

 Q3 1215.5–1581.0 0.62 (0.47, 0.82) 0.77 (0.58, 1.02) 0.86 (0.65, 1.15)

 Q4  > 1581.0 0.46 (0.36, 0.59) 0.70 (0.55, 0.89) 0.81 (0.56, 1.18)

 p for trend  < 0.001 0.002 0.181

Men 7028 7028 6917

 Phosphorus for each 0.1 g 0.95 (0.92, 0.98) 0.95 (0.92, 0.99) 0.96 (0.90, 1.02)

 Per 1 SD 0.73 (0.60, 0.90) 0.75 (0.61, 0.92) 0.77 (0.54, 1.10)

 Q1  < 1065.0 Ref Ref Ref

 Q2 1065.0–1395.5 0.54  (0.35, 0.84) 0.56 (0.37,0.87) 0.63 (0.38,1.02)

 Q3 1396.0–1793.5 0.59 (0.38,0.90) 0.62 (0.39,0.97) 0.67 (0.40,1.14)

 Q4  > 1793.5 0.40 (0.25, 0.63) 0.42 (0.27, 0.65) 0.42  (0.20, 0.89)

 p for trend  < 0.001  < 0.001 0.032

Female 6920 6920 6894

 Phosphorus for each 0.1 g 0.97 (0.95, 1.00) 0.98 (0.96, 1.00) 0.98 (0.95, 1.02)

 Per 1 SD 0.89 (0.81, 0.98) 0.90 (0.82, 0.99) 0.92 (0.79, 1.08)

 Q1  < 803.5 Ref Ref Ref

 Q2 803.5–1061.5 1.12 (0.83, 1.50) 1.14 (0.85, 1.54) 1.21 (0.88, 1.67)

 Q3 1062.0–1348.5 0.82 (0.64, 1.07) 0.87 (0.66, 1.13) 0.96 (0.71, 1.30)

 Q4  > 1348.5 0.80 (0.61, 1.06) 0.83 (0.63, 1.11) 0.93 (0.61, 1.41)

 p for trend 0.02 0.054 0.431



Page 11 of 14Zhao et al. BMC Gastroenterology           (2023) 23:24 	

Stool Form Scale, respectively [19]. In calculating the 
prevalence of chronic constipation, constipation defined 
by stool frequency was lower than that defined by stool 
consistency (3.3%, 9.5% CI 2.8, 3.9 vs. 6.9%, 95% CI 6.4, 
7.4, respectively). This is consistent with previously 
reported findings [12, 20].

Sources of dietary phosphorus include meat, dairy 
products, and grain products (particularly, bread and 
non-diary snacks and sweets), with grain products being 
the most abundant dietary source [21]. Some studies 
have shown that bread can alleviate symptoms of chronic 
constipation [22, 23]. A small case–control study of 
46 patients found that in the colestilan group, wherein 
patients were orally administered with colestilan, 2 g, 
three times a day for two weeks, a phosphate binder, 
serum phosphorus was reduced and gastrointestinal 
symptoms, such as constipation, were exacerbated [24]. 
Another study found that girls with inflammatory bowel 

disease (IBD) consumed significantly higher amounts of 
phosphorus than did girls in the control group [25]. Fur-
thermore, several studies showed that the main adverse 
effect of lanthanum carbonate, an oral phosphate binder, 
was gastrointestinal and included severe constipation 
[26–28]. Sodium phosphate enemas are widely used to 
treat constipation and are rarely associated with side 
effects [5]. Sodium phosphate is a hyperosmotic agent 
[29] and can use high osmotic pressure to form osmotic 
diarrhoea [30]. Moreover, it can absorb water into the 
intestinal tract [29]. This increases the volume of faeces, 
causing expansion of the intestinal lumen, promoting 
intestinal tract peristalsis and excretion of the intestinal 
contents, thereby relieving constipation [31]. A study 
in pigs showed that phosphorus intake may affect gut 
microbial composition and activity [32]. Furthermore, 
intestinal flora is reportedly affected by constipation 
[33]. Therefore, we postulate that phosphorus intake may 

Table 4  Regression Analyses of the Association Between Dietary Phosphorus Intake and Chronic Constipation (stool frequency), 
weighted

Model I was not adjusted

Model II was adjusted for age (< 45, ≥ 45 < 65, and ≥ 65 years old), sex and ethnicity (Non-Hispanic White, Mexican American, Non-Hispanic Black, Other Hispanic, and 
Other Race)

Model III was adjusted for Adjusted for age (< 45, ≥ 45 < 65, and ≥ 65 years old), sex and ethnicity (Non-Hispanic White, Mexican American, Non-Hispanic Black, 
Other Hispanic, and Other Race), BMI (< 25 kg/m2, 25–29.9 kg/m2, and ≥ 30 kg/m2), Physical activity (MET-min/week) (< 500, ≥ 500, or missing data), poor oral health 
(yes, no, missing data), hypertension (yes, no), depression (yes, no), diabetes (yes, no), smoking status (never, former, and now), drinking status (yes, no), milk (often, 
sometimes, rarely, never), energy (T1 < 1590.0; T2, 1590.0–2247.0; T3 ≥ 2247.1 kcal/day), and income-poverty ratio (%) (< 2, ≥ 2, or missing data)

Exposure Phosphorus intake (mg) Model I Model II Model III

Overall 13, 948 13, 948 13, 758

 Phosphorus for each 0.1 g 0.89 (0.86, 0.92) 0.93 (0.90, 0.97) 0.94 (0.90, 0.99)

 Per 1 SD 0.53 (0.43, 0.64) 0.68 (0.55, 0.83) 0.72 (0.54, 0.94)

 Q1  < 905.0 Ref Ref Ref

 Q2 905.0–1215.0 0.71 (0.53, 0.95) 0.83 (0.61, 1.12) 0.92 (0.66, 1.27)

 Q3 1215.5–1581.0 0.48 (0.34, 0.68) 0.65 (0.45, 0.95) 0.73 (0.47, 1.13)

 Q4  > 1581.0 0.20 (0.12, 0.32) 0.36 (0.21, 0.61) 0.39 (0.20, 0.76)

 P for trend  < 0.001  < 0.001 0.012

Men 7028 7028 6917

 Phosphorus for each 0.1 g 0.90 (0.86, 0.95) 0.92 (0.88, 0.97) 0.92 (0.87, 0.97)

 Per 1 SD 0.54 (0.40, 0.74) 0.62 (0.45, 0.004) 0.60 (0.43, 0.84)

 Q1  < 1065.0 Ref Ref Ref

 Q2 1065.0–1395.5 0.59 (0.31, 1.10) 0.68 (0.36, 1.30) 0.60 (0.27, 1.36)

 Q3 1396.0–1793.5 0.26 (0.14, 0.50) 0.33 (0.17, 0.63) 0.25 (0.10, 0.62)

 Q4  > 1793.5 0.22 (0.10, 0.49) 0.29 (0.13, 0.65) 0.20 (0.08, 0.50)

 P for trend  < 0.001  < 0.001 0.001

Female 6920 6920 6894

 Phosphorus for each 0.1 g 0.94 (0.89, 0.98) 0.94 (0.90, 0.98) 0.95 (0.88, 1.03)

 Per 1 SD 0.75 (0.61, 0.93) 0.76 (0.62, 0.93) 0.81 (0.57, 1.14)

 Q1  < 803.5 Ref Ref Ref

 Q2 803.5–1061.5 0.63 (0.42, 0.94) 0.66 (0.44, 0.98) 0.74 (0.50, 1.10)

 Q3 1062.0–1348.5 0.73 (0.49, 1.09) 0.77 (0.52, 1.15) 0.97 (0.67, 1.42)

 Q4  > 1348.5 0.47 (0.31, 0.71) 0.47 (0.31, 0.72) 0.65 (0.37, 1.12)

 P for trend 0.005 0.007 0.335
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affect constipation by affecting the intestinal flora. Addi-
tionally, lack of phosphorus intake in the diet of ducks 
has been shown to impair the digestion and absorption 
functions of the intestinal tract [34], which may lead to 
constipation. Nevertheless, few studies have quantified 
dietary phosphorus intake and examined its association 
with chronic constipation. Phosphorus is an indispensa-
ble trace element and participates in several physiologi-
cal activities [8]. Moreover, constipation is a common 
disease worldwide [3]. Several studies have examined 
the association but failed to qualify the intake of dietary 
phosphorous. Therefore, further studies are essential to 
examine the relationship between constipation and phos-
phorus. The following conditions can lead to a reduction 
in phosphorus levels in the body: reduced oral intake, 
excess loss due to diarrhoea, reduced intake due to poor 
absorption, heavy alcohol consumption, and heavy use of 
antacids [35].

Our study showed that regardless of the type of con-
stipation, the prevalence of chronic constipation gradu-
ally decreases with increasing dietary phosphorus intake 
after adjusting for relevant confounders (0.97, 0.95–1.00 
for stool consistency; 0.94, 0.90–0.99 for stool fre-
quency). We observed a non-linear relationship between 
dietary phosphorus intake and constipation. In patients 
with chronic constipation undergoing colonoscopy, the 
use of sodium phosphate has resulted in better bowel 
preparation that with the use of polyethylene glycol, 
demonstrating that phosphorus can relieve constipation 
[29]. The findings of our study also confirmed this rela-
tionship. After adjusting for relevant confounding fac-
tors, dietary phosphorus intake was negatively corrected 
with constipation, and the 2nd, 3rd, and 4th groups in the 
dietary phosphorus intake quartiles were all associated 
with a lower incidence of constipation. These findings 
were observed in both men and women, and the nega-
tive correlation was observed irrespectively of whether 
constipation was defined by stool frequency or stool trait. 
In the subgroup analysis, dietary phosphorus intake was 
associated with lower prevalence of constipation across 
all strata. This shows that the absorption rate of phos-
phorus is inversely related to constipation, and increased 
phosphorus absorption is associated with more frequent 
and softer bowel movements.

We identified factors associated with an increased 
prevalence of constipation consistent with the find-
ings of previous cross-sectional studies [3]. Overall, we 
found that the following factors were associated with an 
increased prevalence of constipation following the stool 
consistency definition: female sex, lower educational sta-
tus, lower BMI, low activity levels, poor oral health, no 
hypertension, no depression, no diabetes, never smoking, 

no alcohol consumption, and lower dietary phosphorus 
intake. We found similar trends for constipation defined 
by stool frequency, differing only for smoking and milk 
consumption. Among constipation defined by consist-
ency, never smoker had a higher prevalence of consti-
pation than did former and now smokers. Additionally, 
never, often, and varied milk drinkers had higher preva-
lence of constipation than did sometimes and often milk 
drinkers. Among constipation defined by stool frequency, 
now and never smokers had a higher prevalence of con-
stipation than did former smokers, and often milk drink-
ers had the lowest prevalence. However, although many 
studies have examined the relationship between phos-
phorus and constipation, the results of these studies 
could not be aggregated due to the different age ranges of 
the study populations across the studies [36, 37].

There are discrepancies in the reported prevalence of 
chronic constipation according to sex. In one study, the 
prevalence of constipation was found to be up to two 
times higher in women, irrespective of the definition 
used [36]. Another study showed that men reported more 
frequent bowel movements than did women [38]. The 
results of our study also showed a noticeable difference 
in the prevalence of chronic constipation between men 
and women. Women had a higher prevalence of chronic 
constipation than did men, as defined by stool frequency 
(5.5%, 4.6–6.5 in women; 1.1%, 0.8–1.5 in men), and simi-
lar results were found for constipation defined by stool 
consistency (9.6%, 95% CI 8.9, 10.4 in women vs. 4.0%, 
95% CI 3.3, 4.9 in men). Currently, no clear mechanism 
exists to explain the difference between the sexes in the 
prevalence of chronic constipation, and further research 
is required to clarify this finding [39].

This study has some limitations. First, as it was a 
cross-sectional study, no causal relationship could be 
inferred. Therefore, we cannot conclude that an increase 
in dietary phosphorus intake reduces the occurrence of 
chronic constipation. Second, the relevant information 
of BHQ110, BHQ100, and BHQ080 in the question-
naire only exists for the 2009–2010 cycle. Future stud-
ies should include a larger sample size. Third, the Rome 
IV diagnostic criteria for chronic constipation cover 
other content, in addition to stool frequency and con-
sistency. Therefore, we performed a sensitivity analysis 
for constipation symptoms. However, we were unable 
to determine the real prevalence of chronic constipa-
tion in the population. Fourth, dietary data were pro-
vided by patients through recall and self-statement and 
recall bias could not be excluded. Moreover, the recall 
time interval was 24 h; therefore, the long-term eating 
habits of respondents were not included in the database. 
Fifth, our conclusions are only applicable to the popula-
tion of this study and cannot be extrapolated to other 
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populations. Nonetheless, this study has some strengths. 
First, the data compiled in this database is a representa-
tive sample of the entire population of the United States 
and contains a large amount of detailed information 
on participants, including their diet, lifestyle, disease, 
and demographic characteristics. Second, the database 
is generalized with caution, which further enhances its 
applicability. Third, in the different regression mod-
els, we adjusted for confounding factors that may have 
affected the results.

Conclusions
In conclusion, increased dietary phosphorus intake was 
associated with decreased prevalence of chronic consti-
pation in the population. This finding was consistent in 
constipation defined by both stool traits and stool fre-
quency, after adjusting for age, sex, ethnicity, BMI, physi-
cal activity, poor oral health, hypertension, depression, 
diabetes, smoking status, drinking status, milk, energy, 
and income-poverty ratio. The improvement of constipa-
tion may be related to the fact that dietary phosphorus 
intake softens the stool and increases stool frequency. 
This finding provides suggestions for alleviating consti-
pation symptoms. The findings of this study should be 
verified with prospective studies involving a more diverse 
population.

Abbreviations
NHANES	� National Health and Nutritional Examination Survey
CI	� Confidence interval
BHQ	� Bowel health questionnaire
BMI	� Body mass index
IBD	� Inflammatory bowel disease
OR	� Odds ratio

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12876-​022-​02629-8.

Additional file 1. Supplementary Table 1. Multiple Regression of the 
Association Between Dietary Phosphorus and Other 3 Constipation-
related Symptoms, weighted. Supplementary Table 2. Baseline 
Characteristics of the Study Population from National Health and Nutrition 
Examination Survey 2005-2010 (Using the Stool Frequency Definition of 
Constipation), weighted. Supplementary Table 3. Univariate Analysis of 
Relationship Between Phosphorus Intake with Constipation (Using the 
Stool Consistency Definition of Constipation). Supplementary Table 4. 
Univariate Analysis of Relationship Between Phosphorus Intake with 
Constipation (Using the Stool Frequency Definition of Constipation), 
weighted. Supplementary Table 5. Subgroup Analyses of the Associa-
tionBetween Phosphorus Intake and Constipation (stool consistency), 
weighted. Supplementary Table 6. Subgroup Analyses of the Association 
Between Phosphorus Intake and Constipation (stool frequency), weighted. 
Supplementary Table 7. Regression Analyses of the Association Between 
Dietary Phosphorus Intake and Chronic Constipation (stool consistency) 
from Post-imputation, weighted. Supplementary Table 8. Regression 
Analyses of the Association Between Dietary Phosphorus Intake and 
Chronic Constipation (stool frequency) from Postimputation, weighted.

Acknowledgements
All the authors thank the relevant staff of the database.

Author contributions
All authors have made substantial contributions to this article. LW-studied 
concept and design, interpretation of data, drafting of the manuscript. XZ-
studied concept and design, acquisition of data, analysis, and interpretation of 
data, critical revision of the manuscript for important intellectual content. LQ 
provided great help to the revision of the article in the revision of the thesis. 
All authors read and approved the final manuscript.

Funding
This research was supported by Qilu Chinese Medicine Advantage Specialist 
cluster Project (YWC2022ZKJQ0003), Traditional Chinese Medicine Science 
and Technology Development Plan of Shandong Province (2019-0138) and 
Jinan Science and Technology Development Plan (201907109).

Availability of data and materials
The datasets used during the current study are available on the NHANES 
website (http://​www.​cdc.​gov/​nchs/​nhanes.​htm).

Declarations

Ethics approval and consent to participate
The NHANES database study was authorized and approved by the National 
Center for Health Statistics Ethics Review Board. The relevant documents on 
ethical approval of the NHANES study are available online (https://​www.​cdc.​
gov/​nchs/​nhanes/​irba98.​htm). We have uploaded the Ethics webpage to the 
related files. All participants provided written informed consent to participate 
in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 25 May 2022   Accepted: 20 December 2022

References
	1.	 Aziz I, Whitehead WE, Palsson OS, Törnblom H, Simrén M, Sahlgrenska 

A, et al. An approach to the diagnosis and management of Rome IV 
functional disorders of chronic constipation. Expert Rev Gastroent. 
2020;14(1):39–46. https://​doi.​org/​10.​1080/​17474​124.​2020.​17087​18.

	2.	 Suares NC, Ford AC. Prevalence of, and risk factors for, chronic idiopathic 
constipation in the community: systematic review and meta-analysis. Am 
J Gastroenterol. 2011;106(9):1582–91. https://​doi.​org/​10.​1038/​ajg.​2011.​
164.

	3.	 Camilleri M, Ford AC, Mawe GM, Dinning PG, Rao SS, Chey WD, et al. 
Chronic constipation. Nat Rev Dis Primers. 2017. https://​doi.​org/​10.​1038/​
nrdp.​2017.​95.

	4.	 Chang AR, Anderson C. Dietary phosphorus intake and the kidney. 
Annu Rev Nutr. 2017;37:321–46. https://​doi.​org/​10.​1146/​annur​
ev-​nutr-​071816-​064607.

	5.	 Mendoza J, Legido J, Rubio S, Gisbert JP. Systematic review: the 
adverse effects of sodium phosphate enema. Aliment Pharmacol Ther. 
2007;26(1):9–20. https://​doi.​org/​10.​1111/j.​1365-​2036.​2007.​03354.x.

	6.	 Hansen SE, Whitehill JL, Goto CS, Quintero CA, Darling BE, Davis J. Safety 
and efficacy of milk and molasses enemas compared with sodium phos-
phate enemas for the treatment of constipation in a Pediatric Emergency 
Department. Pediatr Emerg Care. 2011;27(12):1118–20. https://​doi.​org/​10.​
1097/​PEC.​0b013​e3182​3b0088.

	7.	 Wang C, Zhang L, Li L. Association between selenium intake with 
chronic constipation and chronic diarrhea in adults: findings from the 

https://doi.org/10.1186/s12876-022-02629-8
https://doi.org/10.1186/s12876-022-02629-8
http://www.cdc.gov/nchs/nhanes.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://doi.org/10.1080/17474124.2020.1708718
https://doi.org/10.1038/ajg.2011.164
https://doi.org/10.1038/ajg.2011.164
https://doi.org/10.1038/nrdp.2017.95
https://doi.org/10.1038/nrdp.2017.95
https://doi.org/10.1146/annurev-nutr-071816-064607
https://doi.org/10.1146/annurev-nutr-071816-064607
https://doi.org/10.1111/j.1365-2036.2007.03354.x
https://doi.org/10.1097/PEC.0b013e31823b0088
https://doi.org/10.1097/PEC.0b013e31823b0088


Page 14 of 14Zhao et al. BMC Gastroenterology           (2023) 23:24 

National Health and Nutrition Examination Survey. Biol Trace Elem Res. 
2021;199(9):3205–12. https://​doi.​org/​10.​1007/​s12011-​020-​02451-x.

	8.	 Calvo MS, Lamberg-Allardt CJ. Phosphorus. Adv Nutr. 2015;6(6):860–2. 
https://​doi.​org/​10.​3945/​an.​115.​008516.

	9.	 Ballou S, Katon J, Singh P, Rangan V, Lee HN, McMahon C, et al. Chronic 
diarrhea and constipation are more common in depressed individuals. 
Clin Gastroenterol H. 2019;17(13):2696–703. https://​doi.​org/​10.​1016/j.​cgh.​
2019.​03.​046.

	10.	 Sommers T, Mitsuhashi S, Singh P, Hirsch W, Katon J, Ballou S, et al. Preva-
lence of chronic constipation and chronic diarrhea in diabetic individuals 
in the United States. Am J Gastroenterol. 2019;114(1):135–42. https://​doi.​
org/​10.​1038/​s41395-​018-​0418-8.

	11.	 Lewis SJ, Heaton KW. Stool form scale as a useful guide to intestinal tran-
sit time. Scand J Gastroentero. 1997;32(9):920–4. https://​doi.​org/​10.​3109/​
00365​52970​90112​03.

	12.	 Markland AD, Palsson O, Goode PS, Burgio KL, Busby-Whitehead J, 
Whitehead WE. Association of low dietary intake of fiber and liquids with 
constipation: evidence from the National Health and Nutrition Examina-
tion Survey. The Am J Gastroenterol. 2013;108(5):796–803. https://​doi.​
org/​10.​1038/​ajg.​2013.​73.

	13.	 Li Y, Tong W, Qian Y. Effect of physical activity on the association between 
dietary fiber and constipation: evidence from The National Health 
and Nutrition Examination Survey 2005–2010. J Neurogastroenterol. 
2021;27(1):97–107. https://​doi.​org/​10.​5056/​jnm20​051.

	14.	 Chen F, Yang D, Wang Z. Associations between iron intake and serum 
iron with inflammatory bowel disease and chronic diarrheal symp-
toms in adults: The National Health And Nutrition Examination Survey, 
2007–2010. Biol Trace Elem Res. 2021;199(11):4084–91. https://​doi.​org/​10.​
1007/​s12011-​020-​02550-9.

	15.	 Zhang L, Shao F, Li L. Association of copper and zinc intake with inflam-
matory bowel disease and fecal incontinence symptoms: evidence from 
the National Health and Nutrition Examination Survey. Biol Trace Elem 
Res. 2021;199(7):2543–51. https://​doi.​org/​10.​1007/​s12011-​020-​02390-7.

	16.	 Zhang C, Cheng R, Ding J, Li X, Niu H, Li X. Serum copper and zinc levels 
and colorectal cancer in adults: findings from the National Health and 
Nutrition Examination 2011–2016. Biol Trace Elem Res. 2021. https://​doi.​
org/​10.​1007/​s12011-​021-​02826-8.

	17.	 Vetter C, Devore EE, Wegrzyn LR, Massa J, Speizer FE, Kawachi I, et al. 
Association between rotating night shift work and risk of coronary heart 
disease among women. JAMA. 2016;315(16):1726–34. https://​doi.​org/​10.​
1001/​jama.​2016.​4454.

	18.	 Palsson OS, Whitehead W, Tornblom H, Sperber AD, Simren M. Prevalence 
of Rome IV functional bowel disorders among adults in the United States, 
Canada, and the United Kingdom. Gastroenterology. 2020;158(5):1262–
73. https://​doi.​org/​10.​1053/j.​gastro.​2019.​12.​021.

	19.	 Black CJ, Ford AC. Chronic idiopathic constipation in adults: epidemiol-
ogy, pathophysiology, diagnosis and clinical management. Med J Aust. 
2018;209(2):86–91. https://​doi.​org/​10.​5694/​mja18.​00241.

	20.	 Taba Taba Vakili S, Nezami BG, Shetty A, Chetty VK, Srinivasan S. Associa-
tion of high dietary saturated fat intake and uncontrolled diabetes with 
constipation: evidence from the National Health and Nutrition Examina-
tion Survey. Neurogastroenterol Motil. 2015;27(10):1389–97. https://​doi.​
org/​10.​1111/​nmo.​12630.

	21.	 McClure ST, Chang AR, Selvin E, Rebholz CM, Appel LJ. Dietary sources 
of phosphorus among adults in the United States: results from NHANES 
2001–2014. Nutrients. 2017;9(2):95. https://​doi.​org/​10.​3390/​nu902​0095.

	22.	 Holma R, Hongisto SM, Saxelin M, Korpela R. Constipation is relieved 
more by rye bread than wheat bread or laxatives without increased 
adverse gastrointestinal effects. J Nutr. 2010;140(3):534–41. https://​doi.​
org/​10.​3945/​jn.​109.​118570.

	23.	 Sandman PO, Adolfsson R, Hallmans G, Nygren C, Nystrom L, Win-
blad B. Treatment of constipation with high-bran bread in long-term 
care of severely demented elderly patients. J Am Geriatrs Soc (JAGS). 
1983;31(5):289–93. https://​doi.​org/​10.​1111/j.​1532-​5415.​1983.​tb048​73.x.

	24.	 Kurihara S, Tsuruta Y, Akizawa T. Effect of MCI-196 (colestilan) as a 
phosphate binder on hyperphosphataemia in haemodialysis patients: a 
double-blind, placebo-controlled, short-term trial. Nephrol Dial Transpl. 
2005;20(2):424–30. https://​doi.​org/​10.​1093/​ndt/​gfh632.

	25.	 Kikut J, Skonieczna-Żydecka K, Sochaczewska D, Kordek A, Szczuko M. 
Differences in dietary patterns of adolescent patients with IBD. Nutrients. 
2021;13(9):3119. https://​doi.​org/​10.​3390/​nu130​93119.

	26.	 Joy MS, Kshirsagar A, Candiani C, Brooks T, Hudson JQ. Lanthanum car-
bonate. Ann Pharmacother. 2006;40(2):234–40. https://​doi.​org/​10.​1345/​
aph.​1G224.

	27.	 Kazama JJ. Oral phosphate binders: history and prospects. Bone. 
2009;45(Suppl 1):S8-12. https://​doi.​org/​10.​1016/j.​bone.​2009.​01.​005.

	28.	 Ogata H, Koiwa F, Shishido K, Kinugasa E. Combination therapy with 
sevelamer hydrochloride and calcium carbonate in Japanese patients 
with long-term hemodialysis: alternative approach for optimal mineral 
management. Ther Apher Dial. 2005;9(1):11–5. https://​doi.​org/​10.​1111/j.​
1774-​9987.​2005.​00215.x.

	29.	 Dang JT, Moolla M, Dang TT, Shaw A, Tian C, Karmali S, et al. Sodium 
phosphate is superior to polyethylene glycol in constipated patients 
undergoing colonoscopy: a systematic review and meta-analysis. Surg 
Endosc. 2021;35(2):900–9. https://​doi.​org/​10.​1007/​s00464-​020-​07464-0.

	30.	 Curran MP, Plosker GL. Oral sodium phosphate solution: a review of its 
use as a colorectal cleanser. Drugs. 2004;64(15):1697–714. https://​doi.​org/​
10.​2165/​00003​495-​20046​4150-​00009.

	31.	 Mamula P, Adler DG, Conway JD, Diehl DL, Farraye FA, Kantsevoy SV, 
et al. Colonoscopy preparation. Gastrointest Endosc. 2009;69(7):1201–9. 
https://​doi.​org/​10.​1016/j.​gie.​2009.​01.​035.

	32.	 Heyer CME, Weiss E, Schmucker S, Rodehutscord M, Hoelzle LE, Mosen-
thin R, et al. The impact of phosphorus on the immune system and 
the intestinal microbiota with special focus on the pig. Nutr Res Rev. 
2015;28(1):67–82. https://​doi.​org/​10.​1017/​S0954​42241​50000​49.

	33.	 Chu JR, Kang S, Kim S, Lee S, Lee Y, Sung M. Prebiotic UG1601 mitigates 
constipation-related events in association with gut microbiota: a ran-
domized placebo-controlled intervention study. World J Gastroentero. 
2019;25(40):6129–44. https://​doi.​org/​10.​3748/​wjg.​v25.​i40.​6129.

	34.	 Jiang J, Wu H, Zhu D, Yang J, Huang J, Gao S, et al. Dietary supplementa-
tion with phytase and protease improves growth performance, serum 
metabolism status, and intestinal digestive enzyme activities in meat 
ducks. Animals. 2020;10(2):268. https://​doi.​org/​10.​3390/​ani10​020268.

	35.	 Moe SMM. Disorders involving calcium, phosphorus, and magnesium. 
Prim Care. 2008;35(2):215–37. https://​doi.​org/​10.​1016/j.​pop.​2008.​01.​007.

	36.	 Barberio B, Judge C, Savarino EV, Ford AC. Global prevalence of functional 
constipation according to the Rome criteria: a systematic review and 
meta-analysis. The Lancet Gastroenterol Hepatol. 2021;6(8):638–48. 
https://​doi.​org/​10.​1016/​S2468-​1253(21)​00111-4.

	37.	 Meinds RJ, van Meegdenburg MM, Trzpis M, Broens PMA. On the preva-
lence of constipation and fecal incontinence, and their co-occurrence, in 
the Netherlands. Int J Colorectal Dis. 2016;32(4):475–83. https://​doi.​org/​
10.​1007/​s00384-​016-​2722-3.

	38.	 McCrea GLP, Miaskowski CP, Stotts NAE, Macera LP, Paul SMP, Varma MGM. 
Gender differences in self-reported constipation characteristics, symp-
toms, and bowel and dietary habits among patients attending a specialty 
clinic for constipation. Gender Med. 2009;6(1):259–71. https://​doi.​org/​10.​
1016/j.​genm.​2009.​04.​007.

	39.	 Lee TH, Choi SC, Park MI, Park KS, Shin JE, Kim SE, et al. Constipation mis-
perception is associated with gender, marital status, treatment utilization 
and constipation symptoms experienced. J Neurogastroenterol Motil. 
2014;20(3):379–87. https://​doi.​org/​10.​5056/​jnm14​011.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s12011-020-02451-x
https://doi.org/10.3945/an.115.008516
https://doi.org/10.1016/j.cgh.2019.03.046
https://doi.org/10.1016/j.cgh.2019.03.046
https://doi.org/10.1038/s41395-018-0418-8
https://doi.org/10.1038/s41395-018-0418-8
https://doi.org/10.3109/00365529709011203
https://doi.org/10.3109/00365529709011203
https://doi.org/10.1038/ajg.2013.73
https://doi.org/10.1038/ajg.2013.73
https://doi.org/10.5056/jnm20051
https://doi.org/10.1007/s12011-020-02550-9
https://doi.org/10.1007/s12011-020-02550-9
https://doi.org/10.1007/s12011-020-02390-7
https://doi.org/10.1007/s12011-021-02826-8
https://doi.org/10.1007/s12011-021-02826-8
https://doi.org/10.1001/jama.2016.4454
https://doi.org/10.1001/jama.2016.4454
https://doi.org/10.1053/j.gastro.2019.12.021
https://doi.org/10.5694/mja18.00241
https://doi.org/10.1111/nmo.12630
https://doi.org/10.1111/nmo.12630
https://doi.org/10.3390/nu9020095
https://doi.org/10.3945/jn.109.118570
https://doi.org/10.3945/jn.109.118570
https://doi.org/10.1111/j.1532-5415.1983.tb04873.x
https://doi.org/10.1093/ndt/gfh632
https://doi.org/10.3390/nu13093119
https://doi.org/10.1345/aph.1G224
https://doi.org/10.1345/aph.1G224
https://doi.org/10.1016/j.bone.2009.01.005
https://doi.org/10.1111/j.1774-9987.2005.00215.x
https://doi.org/10.1111/j.1774-9987.2005.00215.x
https://doi.org/10.1007/s00464-020-07464-0
https://doi.org/10.2165/00003495-200464150-00009
https://doi.org/10.2165/00003495-200464150-00009
https://doi.org/10.1016/j.gie.2009.01.035
https://doi.org/10.1017/S0954422415000049
https://doi.org/10.3748/wjg.v25.i40.6129
https://doi.org/10.3390/ani10020268
https://doi.org/10.1016/j.pop.2008.01.007
https://doi.org/10.1016/S2468-1253(21)00111-4
https://doi.org/10.1007/s00384-016-2722-3
https://doi.org/10.1007/s00384-016-2722-3
https://doi.org/10.1016/j.genm.2009.04.007
https://doi.org/10.1016/j.genm.2009.04.007
https://doi.org/10.5056/jnm14011

	Association between dietary phosphorus intake and chronic constipation in adults: evidence from the National Health and Nutrition Examination Survey
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study participants
	Definition of constipation
	Phosphorus intake
	Covariates
	Statistical analyses

	Results
	Clinical characteristics
	Dietary phosphorus intake and constipation
	Crude association of constipation with demography, comorbidity, physical activity, smoking, alcohol consumption, and diet
	Stratified analysis of dietary phosphorus and chronic constipation

	Discussion
	Conclusions
	Acknowledgements
	References


