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Abstract
BACKGROUND 
The diagnosis of malnutrition in patients with independent hepatocellular 
carcinoma (HCC) varies from 20% to 50%, is related to important complications 
and has a direct impact on the prognosis. Determination of the resting energy 
expenditure (REE) has become an important parameter in this population, as it 
allows therapeutic adjustments to recover their nutritional status. The REE in 
cirrhosis, with and without HCC, is not clearly defined, and requires the 
identification and definition of the best nutritional approach.

AIM 
To evaluate the REE of patients with cirrhosis, with and without HCC.

METHODS 
This is a prospective observational study evaluating the REE of 118 patients, 33 
with cirrhosis and hepatocellular carcinoma and a control group of 85 patients 
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with cirrhosis without HCC, using indirect calorimetry (IC), bioimpedance, and 
predictive formulas.

RESULTS 
The REE determined by IC in cirrhotic patients with HCC was 1643 ± 364 and in 
those without HCC was 1526 ± 277 (P = 0.064). The REE value as assessed by 
bioimpedance was 1529 ± 501 for those with HCC and 1660 ± 385 for those 
without HCC (P = 0.136). When comparing the values of REE determined by IC 
and predictive formulas in cirrhotics with HCC, it was observed that only the 
formulas of the Food and Agriculture Organization (FAO)/World Health 
Organization (WHO) (1985) and Cunningham (1980) presented values similar to 
those determined by IC. When comparing the REE values determined by IC and 
predictive formulas in cirrhotics without HCC, it was observed that the formulas 
of Schofield (1985), FAO/WHO (1985), WHO (2000), Institute of Medicine (IOM) 
(2005) and Katch and McArdie (1996) presented values similar to those 
determined by IC.

CONCLUSION 
The FAO/WHO formula (1985) could be used for cirrhotic patients with or 
without HCC; as it is the one with the values closest to those obtained by IC in 
these cirrhotic patients.

Key Words: Carcinoma; Hepatocellular; Liver cirrhosis; Calorimetry; Indirect; Rest energy 
expenditure

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This prospective study was conducted to evaluate the resting energy 
expenditure in 118 patients with and without hepatocellular carcinoma. Indirect 
calorimetry is considered the golden standard for determining resting energy 
expenditure; however, when this is impossible, use of the FAO/WHO formula (1985) 
in this population is indicated.

Citation: Henz AC, Marroni CA, Silva DMD, Teixeira JM, Silveira TT, Ferreira S, Silveira AT, 
Schmidt NP, Stein JT, Rayn RG, Fernandes SA. Resting energy expenditure in cirrhotic 
patients with and without hepatocellular carcinoma. World J Gastrointest Pharmacol Ther 
2021; 12(1): 1-12
URL: https://www.wjgnet.com/2150-5349/full/v12/i1/1.htm
DOI: https://dx.doi.org/10.4292/wjgpt.v12.i1.1

INTRODUCTION
The main causes of liver cirrhosis worldwide are alcoholic liver disease and chronic 
hepatitis B virus and/or hepatitis C virus infections. Over a period of 15 to 30 years, 
chronic liver diseases can lead to liver cirrhosis and its complications. The prognosis is 
highly variable and influenced by several factors, such as etiology, severity of liver 
disease, presence of complications and comorbidities[1].

The prevalence of sarcopenia in patients with hepatocellular carcinoma (HCC) 
varies from 27.5%[2] to 78.2%[3] and malnutrition affects 20% to 50% of patients with 
cirrhosis, and both are related to important complications and have a direct impact on 
prognosis.

Early nutritional diagnosis has significant relevance in cirrhotics, as it reflects 
positively on their recovery, enables specific therapeutic interventions and prevents 
the appearance of complications[4-8].

Daily intake should be sufficient to meet the body's demands[9] and can be measured 
directly or indirectly[10]. Resting energy expenditure (REE) is the energy needed to 
maintain physiological processes; during indirect measurement, an interval of 4 h is 
necessary since the last meal, and a rest of 30 min before the examination[11].

Indirect calorimetry (IC) is the gold standard for measuring REE[11-13], it is non-

http://creativecommons.org/Licenses/by-nc/4.0/
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invasive and safe, it uses the calorimeter to measure REE through gas exchange and, in 
a formula, using the Weir Equation (QR = 0.83) evaluates the volume of oxygen 
consumed, the volume of carbon dioxide produced and the nitrogen excreted, since 
each calorie consumed requires a certain amount of oxygen to be converted into 
energy, which are good predictors of REE changes[14].

Other methods, such as electrical bioimpedance (BIA) and predictive formulas, 
commonly used in clinical practice, can also be used to predict REE.

The aim of this study is to evaluate the REE of patients with cirrhosis, with and 
without HCC, measured by IC and to compare the results with those obtained by BIA 
and predictive formulas, in order to identify which is the best method of evaluation[15].

MATERIALS AND METHODS
The study included 118 patients, aged ≥ 18 years, of both sexes, divided into two 
groups. One group consisted of 33 patients with cirrhosis and HCC and a control 
group of 85 patients with cirrhosis but without HCC, who attended the Department of 
Gastroenterology and Liver Transplantation of Irmandade da Santa Casa de 
Misericórdia de Porto Alegre, RS, Brazil, from March 2017 to August 2018.

Hospitalized cirrhotics or those participating in dietary or physical activity 
programs for weight gain, and/or in a rehabilitation program were excluded; patients 
with neoplasms other than HCC and those who did not have physical and motor 
conditions for anthropometric and functional evaluation were also excluded.

All participants agreed to participate in the research by reading and signing the 
informed consent form. This research protocol was approved by the Research Ethics 
Committee of Irmandade Santa Casa de Misericórdia de Porto Alegre (number 
2387800).

Data from the electronic medical records of the patients, related to the diagnosis, 
staging by the Child-Pugh score, age and sex of the participants were collected. The 
diagnosis of cirrhosis and/or HCC was made by clinical, laboratory, imaging and/or, 
eventually, liver biopsy. The classification of patients with HCC was carried out using 
the Barcelona Clinic Liver Cancer Group (BCLC) staging system[16].

Current body weight was measured using a Filizola® anthropometric scale with 0.1 
kg precision, previously calibrated. Height was measured with a stadiometer fixed to 
the wall, with the patient in an upright position and barefoot. Body mass index (BMI) 
was calculated by dividing the weight by height squared {BMI = Weight (kg)/[Height 
(cm)]2} and classification according to the Food and Agriculture Organization 
(FAO)/World Health Organization (WHO)[17].

The IC was measured by the Korr® MetaCheck calorimeter, with the patient fasting 
for 4 h and resting for 30 min before starting the assessment. The measurement was 
made under conditions of absolute rest for 10 to 30 min, with the patient sitting and 
using a rigid breathing mask, in a stable condition, and the calculation of energy 
expenditure was based on the consumption of O2 (VO2), CO2 production (VCO2) and 
urinary urea nitrogen, using the formula REE = {[3.9 (VO2)] + [1.1 (VCO2)]}, described 
by WEIR, 1949[18,19].

The BIA evaluation used the Biodynamics device model 450, with an electric current 
intensity of 800 µA, frequency of 50 kHz and disposable electrodes of the HeartBeat® 
brand. The patient was in the dorsal decubitus, comfortable and relaxed position, 
without shoes, socks, watch, bracelets and necklaces, with legs spread, hands open and 
supported on the stretcher. A distal electrode was placed at the base of the middle toe 
of the right foot and the proximal electrode just above the line of the right ankle joint, 
between the medial and lateral malleolus. Another set of electrodes were also placed, 
the distal electrode at the base of the middle finger of the right hand and the proximal 
electrode just above the line of the right wrist joint, coinciding with the styloid 
process[20].

The predictive formulas for calculating the energy expenditure used in this study 
are listed in Table 1[21-27].

Sample size calculation
The sample size for patients with HCC was by convenience sample, and the sample 
from the control group with cirrhosis was based on the study by Teramoto et al[28], 
comparing the measured and predicted energy expenditure in patients with liver 
cirrhosis, considering an 80% power and significance level of 5%, thus obtaining the 
sample number of 85 patients.
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Table 1 Predictive formulas for calculating energy expenditure[8]

Ref. Age range Gender Equation

Non-specifed Male 66.437 + [5.0033 × H (cm)] + [13.7516 × W (kg)] – [6.755 × Y (yr)]Harris and Benedict[21]

Non-specifed Female 655.0955 + [1.8496 × H (cm)] + [9.5634 × W (kg)] – [4.6756 × Y (yr)]

Male [0.074 × W (kg) + 2.754] × 23910-17

Female [0.056 × W (kg) + 2.898] × 239

Male [0.063 × W (kg) + 2.896] × 23918-29

Female [0.062 × W (kg) + 2.036] × 239

Male [0.048 × W (kg) + 3.653] × 23930-59

Female [0.034 × W (kg) + 3.538] × 239

Male [0.049 × W (kg) + 2.459] × 239

Schofield[22] in kcal/day

From 60 yr

Female [0.038 × W (kg) + 2.755] × 239

Male 17.5 × W + 65110-17

Female 12.2 × W + 746

Male 15.3 × W + 67918-29

Female 14.7 × W + 496

Male 11.6 × W + 87930-59

Female 8.7 × W + 829

Male 13.5 × W + 487

WHO[23] in kcal/day

From 60 yr

Female 10.5 × W + 596

19-78 Male 10 × W (kg) + 6.25 × H (cm) – 5 × Y (yr) + 5Mifflin et al[24] in kcal/day

19-78 Female 10 × W (kg) + 6.25 × H (cm) – 5 × Y(yr) – 161

Male (16.6 × W) + [77 × H(m)] + 57210-17

Female (7.4 × W) + [482 × H (m)] + 217

Male (15.4 × W) – [27 × H (m)] + 71718-30

Female (13.3 × W) + [334 × H (m)] + 35

Male (11.3 × W) + [16 × H (m)] + 90131-60

Female (8.7 × W) – [25 × H (m)] + 865

Male (8.8 × W) + [1128 × H (m)] – 1071

FAO/WHO[17]

From 60 yr

Female (9.2 × W) + [637 × H (m)] – 302

Non-specifed Male 293 – (3.8 × age) + (401.5 × height) + (8.6 × weight)IOM[25]

Non-specifed Female 247 – (2.67 × age) + (456.4 × height) + (10.12 × weight)

Cunningham[26] Non-specifed Male, Female 500 kcal + (lean mass in kg × 22)

McArdle et al[27] Non-specifed Male, Female (lean mass in kg × 21.6) + 370

W: Weight; H: Height; Y: Years.

Statistical analysis
Quantitative variables were described by mean and standard deviation and categorical 
variables by absolute and relative frequencies.

To compare means between genders, the Student t-test for independent samples 
was applied. Population estimates were performed using the 95% confidence interval.

To compare groups, the Student t-test for independent samples (quantitative 
variables) and Pearson's Chi-square (categorical variables) were applied.

To compare means between the estimated energy expenditure formulas with 
indirect calorimetry, the Student t-test for paired samples was used.

To assess the association between anthropometric variables and indirect 
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calorimetry, Pearson's correlation coefficient was used.
The level of significance adopted was 5% (P < 0.05) and the analyses were 

performed using the Statistical Package for Social Sciences 21.0 software for Windows.

RESULTS
The mean age of cirrhotic patients with HCC was 62.8 ± 8.1 years and in those without 
HCC was 56.7 ± 9.4 years (P = 0.001); 78.8% of those with HCC were male and 56.5% of 
those without HCC were female (P = 0.001). The clinical characterization of cirrhotic 
patients was performed using the Child-Pugh score, which identified similarities 
between the two groups (P = 0.224). According to the BCLC staging in our study, most 
patients with HCC were classified as 0, A and B, as shown on Table 2.

The REE determined by IC in cirrhotics with HCC was 1643 ± 364 and in those 
without HCC was 1526 ± 277 (P = 0.064), as shown on Table 3.

The REE value assessed by BIA was 1529 ± 501 for those with HCC and was 1660 ± 
385 for those without HCC (P = 0.136). In the comparison between the REE determined 
by the IC, the group with HCC did not show a significant difference and the group 
without HCC did show a significant difference (P = 0.001), as shown on Table 4.

The estimated REE values of cirrhotics with and without HCC, using the predictive 
formulas of Harris and Benedict[21], Schofield[22], WHO[23], Mifflin et al[24], FAO/WHO[17], 
IOM[25], Cunningham[26] and McArdle et al[27] showed that only the Harris and 
Benedict[21] formula (P < 0.001) and the IOM formula[25] (P = 0.001) demonstrated a 
difference between the two groups, as shown on Table 5.

When comparing the REE values determined by the IC and the predictive formulas 
in cirrhotics with HCC, it was observed that only the formulas of the FAO/WHO[17] 
and Cunningham[26] presented values similar to those determined by the IC, the others 
underestimated these values, as shown on Table 6.

When comparing the REE values determined by the IC and the predictive formulas 
in cirrhotics without HCC, it was observed that the formulas of Schofield[22], WHO[23], 
FAO/WHO[17], IOM[25] and McArdle et al[27] presented similar but erratic values to those 
determined by the CI, as shown on Table 7.

DISCUSSION
Cirrhotic patients have an imbalance in energy metabolism, which contributes to 
protein-calorie malnutrition and a worse prognosis[5,27-32]. When HCC is associated with 
cirrhosis, clinical conditions and additional needs may worsen such as dietary 
restrictions. To date, there is no established standard and significant evidence to justify 
increased REE in these patients. Several studies, with different methodologies, such as 
IC, BIA and predictive formulas, have evaluated REE in cirrhotics with and without 
HCC[13,14,27,30,33-36].

In the present study, 118 cirrhotic patients were evaluated, 33 with HCC (62.8 ± 8.1 
years and 78.8% male), and 85 without HCC (56.7 ± 9.4 years and 56.5% female) (P = 
0.001) which is in accordance with the findings of the literature, where more older men 
present with HCC[30,32,37,38].

Anthropometry showed that the BMI in those with HCC was 27 kg/m2 (± 4.0) 
similar to that of the control group, and in cirrhotics without HCC, BMI was 28.7 
kg/m2 (± 5.7). We identified a low prevalence of malnutrition, with overweight, but 
we must consider that the BMI underestimates the prevalence of malnutrition in 
cirrhotic patients, as body weight can represent significant changes due to frequent 
hydroelectrolytic disorders (edema and ascites), and these findings are concordant 
with previous studies carried out in cirrhotic[23,39-41] and cancer patients[42,43]. These 
results are also in line with studies carried out in cirrhotic patients, with and without 
HCC[14,30,31,34,37]. A publication by Fernandes et al[31], did not identify BMI as a safe 
method of assessing nutritional status in this population, due to inherent changes in 
body weight.

Considered as the gold standard for measuring REE, IC is a safe and non-invasive 
method, capable of determining nutritional needs through gas exchange[11,44,45].

In our study, the average REE calculated by IC in cirrhotic patients with HCC was 
1643 ± 364 calories and that of cirrhotics without HCC was 1526 ± 277 calories (P = 
0.064). These results are similar to those found by Segadilha et al[45], where REE was 
1568 ± 374 calories in a population of 97 elderly cirrhotic patients hospitalized in Rio 
de Janeiro, and similar to those found by Pinto et al[44], of 1534 ± 300 calories, who 
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Table 2 Sample characterization - cirrhotics with and without hepatocellular carcinoma (n = 118)

Variables HCC (n = 33) Without HCC (n = 85) 1P value

mean ± SD mean ± SD

Age (yr) 62.8 ± 8.1 56.7 ± 9.4 0.001

Male gender 26 (78.8%) 37 (43.5%) 0.0012

Weight (kg) 73.9 ± 12.9 78.2 ± 17.2 0.206

Height (m) 1.65 ± 0.09 1.65 ± 0.09 0.810

BMI (kg/m2) 27.0 ± 4.0 28.7 ± 5.7 0.115

Lean mass (kg) 51.3 ± 10.6 53.4 ± 12.3 0.396

Child Pugh 0.2242

A 13 (39.4%) 32 (37.6%)

B 17 (51.5%) 34 (40.0%)

C 3 (9.1%) 19 (22.4%)

BCLC -

0 4 (12.1%) -

A 12 (36.4%) -

B 10 (30.3%) -

C 4 (12.1%) -

D 3 (9.1%) -

1Student t-test for independent samples; 2Pearson's chi-square test. HCC: Hepatocellular carcinoma; SD: Standard deviation; BCLC: Barcelona Clinic Liver 
Cancer Group.

Table 3 Energy expenditure at rest by indirect calorimetry in cirrhotics with and without hepatocellular carcinoma (n = 118)

Variables HCC (n = 33) Without HCC (n = 85) 1P value

mean ± SD IC 95% mean ± SD IC 95%

Calorimetry 1643 ± 364 1514–1772 1526 ± 277 1466–1586 0.064

1Student t-test for independent samples. HCC: Hepatocellular carcinoma; SD: Standard deviation; IC: Indirect calorimetry.

Table 4 Resting energy expenditure by electrical bioimpedance in cirrhotics with and without hepatocellular carcinoma, compared with 
indirect calorimetry (n = 118)

Variables HCC (n = 33) Without HCC (n = 85)

mean ± SD IC 95% mean ± SD IC 95% 1P value

BIA 1529 ± 501 1352–1707 1660 ± 385 1577–1743 0.133

Calorimetry 1643 ± 364 1606–1907 1526 ± 277 1356-1623 0.064

P value 0.136 0.001

1Student t-test for independent samples. HCC: Hepatocellular carcinoma; BIA: Electrical bioimpedance; SD: Standard deviation; IC: Indirect calorimetry.

studied a population of 45 cirrhotic patients listed for liver transplantation, which 
corroborates the expectation of correct caloric prediction by the method used[44].

Our REE findings, determined by BIA, in cirrhotics with HCC were 1529 ± 501 
calories and 1660 ± 385 calories in those without HCC (P = 0.136). These values differ 
from those of Pinto et al[44], in their study with 53 cirrhotic patients with HCC in the 
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Table 5 Resting energy expenditure calculated using predictive formulas in cirrhotics with and without hepatocellular carcinoma (n = 
118)

Variables HCC (n = 33) Without HCC (n = 85) 1P value

mean ± SD IC 95% mean ± SD IC 95%

Harris and Benedict[20] formula 1466 ± 224 1387–1546 2138 ± 499 2030-2246 < 0.001

Schofield[22] formula 1489 ± 203 1417–1561 1539 ± 218 1491-1586 0.265

WHO[23] formula 1518 ± 208 1444–1592 1536 ± 282 1475-1597 0.744

Mifflin et al[24] 1433 ± 196 1363–1503 1439 ± 212 1393-1485 0.883

FAO/WHO formula[17] 1522 ± 208 1449–1596 1566 ± 223 1518-1614 0.333

IOM[25] formula 1402 ± 168 1342–1462 1544 ± 242 1491-1596 0.001

Cunningham[26] formula 1629 ± 233 1546–1712 1674 ± 271 1616-1733 0.396

McArdle et al[27] formula, 1996 1478 ± 229 1397–1559 1523 ± 266 1466-1581 0.396

1Student t-test for independent samples. HCC: Hepatocellular carcinoma; SD: Standard deviation.

Table 6 Differences between resting energy expenditure calculated using predictive formulas in cirrhotic patients with hepatocellular 
carcinoma, compared with indirect calorimetry (n = 118)

Mean difference IC 95% 1P value

Calorimetry X Harris Benedict formula[21] 177 59.8 a 293 0.004

Calorimetry X Schofield formula[22] 154 36.9 a 270 0.011

Calorimetry X WHO formula[23] 125 9.1 a 240 0.035

Calorimetry X Mifflin et al[24] formula 210 98.5 a 321 0.001

Calorimetry X FAO/WHO formula[17] 120 -2.3 a 243 0.054

Calorimetry x IOM formula[25] 241 116 a 366 < 0.001

Calorimetry x Cunningham formula[26] 14 -101 a 129 0.806

Calorimetry x McArdle et al[27] formula 165 49.5 a 279 0.006

1Student t-test for paired samples.

liver pre-transplant, who found the average REE calculated by the BIA was 1817 
calories, while that calculated by IC was 1651 calories, similar to our findings.

When comparing the REE determined by BIA with the IC value, we found that the 
group with HCC did not show a significant difference (P = 0.136), and the group 
without HCC did show a significant difference (P = 0.001).

Table 1 shows the predictive formulas used to calculate the REE, with their 
peculiarities.

Table 6 shows the estimated REE values in cirrhotics with and without HCC, and it 
can be seen that, with the exception of the Harris Benedict (1919)[22] and IOM (2005)[25] 
formulas, which show significant differences between the two groups (P < 0.001), the 
others show similar values.

A comparison of the REE data from the IC with those estimated by the predictive 
formulas, in relation to cirrhotics with HCC, shows that only the FAO/WHO[17] (P = 
0.054) and Cunningham[26] (P = 0.806) formulas have similarity, and the other six were 
different (P < 0.05); in cirrhotics without HCC the inverse was noted, where five values 
were similar (P > 0.05) and three were different (P < 0.05). These findings prevent the 
determination of a uniform rule. The disparities in our data are consistent with 
numerous findings in the literature that demonstrate different values for the various 
methods[14,28,34-36,46].

The applicability of predictive formulas, even with their practicality and low cost, is 
controversial because they are very erratic, and underestimate or overestimate the 
REE[35,23], and are thus unreliable.
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Table 7 Differences between resting energy expenditure calculated using predictive formulas in cirrhotics without hepatocellular 
carcinoma, compared with indirect calorimetry (n = 118)

Mean difference IC 95% 1P value

Calorimetry X Harris Benedict formula[21] -611 -691 a -531 < 0.001

Calorimetry X Schofield formula[22] -12.3 -67.2 a 42.6 0.658

Calorimetry X WHO formula[23] -9.5 -73.1 a 54.2 0.768

Calorimetry X Mifflin-St Jeo formula[24] 87.2 49.5 a 125 < 0.001

Calorimetry X FAO/WHO formula[17] -39.8 -93.2 a 13.6 0.142

Calorimetry x IOM formula[25] -17.5 -41.5 a 6.6 0.153

Calorimetry x Cunningham formula[26] -148 -172 a -123 < 0.001

Calorimetry x McArdle et al[27] formula 3.2 -20.9 a 27.3 0.792

1Student t-test for paired samples.

Our results suggest that the predictive formulas do not provide precise REE values 
because when using the body weight of cirrhotics, they may incur an intrinsic error, 
due to water retention (ascites and edema) that directly affects the calculation of 
REE[38,39].

Studies on other diseases, such as that by Zanella et al[11], who compared the 
calculation of REE by IC with predictive formulas and BIA, in patients with 
pulmonary hypertension, showed that IC obtained values were different to all the 
other methods, which underestimated the predicted REE by more than 200 kcal, except 
that of the Cunningham's formula[26], and the formula by McArdle et al[27] showed the 
greatest difference in the REE estimate in the studied population[15].

The use of IC for determining the REE in routine clinical practice has some 
difficulties, related to difficulty in buying the device, which has a high cost, the time 
needed to perform the test and the possible lack of cooperation in patients[35].

Thus, based on the data from our study, we suggest the use of BIA values for cases 
with HCC or those of the FAO/WHO formula[17] for those with or without HCC; the 
Cunningham formula[26] could be used in cases without HCC and the formula by 
McArdle et al[27] for those with HCC, as they are the ones closest to those obtained by 
IC in these cirrhotic patients[23].

The choice of these formulas in the present study is not in line with the 
recommendation by Plauth et al[47] in the guidelines of the European Society for 
Parenteral and Enteral Nutrition of 1997 for nutrition in liver diseases and transplants, 
where it was suggested that the Harris and Benedict predictive formula[21] should be 
applied to estimate REE in patients with cirrhosis when IC is not available in a clinical 
setting[47].

Our results demonstrate that the formulas of Harris and Benedict[21] and IOM[25] 
were the ones that showed the greatest differences when compared to the 
determination of REE by IC, which is why we do not recommend these predictive 
formulas.

The determination of REE by IC, BIA or by any recommended predictive formula, in 
cirrhotics with or without HCC, is essential for the nutritional diagnosis. 
Individualized treatment and specific nutritional interventions can delay the 
emergence of malnutrition and poor clinical evolution[48].

Thus, we emphasize that the same method of evaluation in different populations 
can present different correlations with the available predictive formulas.

CONCLUSION
The REE by IC in cirrhotic patients with and without HCC was similar. When 
comparing the IC values with those of the BIA, we found that in patients with HCC, 
the values were similar. The values estimated by the predictive formulas are very 
erratic and disparate, when compared to IC. The FAO/WHO formula[17] could be used 
for those with or without HCC; Cunningham formula[26] in those without HCC and the 
McArdle et al[27] in those with HCC, as they are the ones with the closest values to those 
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obtained by IC in these cirrhotic patients[23,49]. Apparently, the presence of HCC in 
cirrhotics does not appear to significantly alter the REE.

ARTICLE HIGHLIGHTS
Research background
The diagnosis of malnutrition in patients with hepatocellular carcinoma (HCC) varies 
from 20% to 50%, as it is related to important complications and has a direct impact on 
prognosis. Determination of the resting energy expenditure (REE) has become an 
important parameter in this population, as it allows therapeutic adjustments to recover 
their nutritional status. The REE in HCC is not clearly defined, and requires the 
identification and definition of the best nutritional approach.

Research motivation
The diagnosis of malnutrition in patients with HCC varies from 20% to 50%, is related 
to important complications and has a direct impact on prognosis. Determination of the 
REE has become an important parameter in this population, as it allows therapeutic 
adjustments to recover their nutritional status. The REE in HCC is not clearly defined, 
and the identification and definition of the best nutritional approach is necessary.

Research objectives
The aim of this study is to evaluate the REE of patients with cirrhosis, with and 
without HCC, measured by IC and to compare these values with those obtained by 
bioimpedance (BIA) and predictive formulas, in order to identify which is the best 
method of evaluation.

Research methods
This prospective observational study included 118 patients, aged ≥ 18 years, of both 
sexes, divided into two groups. One group consisted of 33 cirrhotic patients with HCC 
and a control group of 85 cirrhotics without HCC, attending the Department of 
Gastroenterology and Liver Transplantation of Irmandade da Santa Casa de 
Misericórdia de Porto Alegre, RS, Brazil, from March 2017 to August 2018. 
Quantitative variables were described by mean and standard deviation and categorical 
variables by absolute and relative frequencies.

Research results
The REE determined by indirect calorimetry (IC) in cirrhotic patients with HCC was 
1643 ± 364 and in those without HCC was 1526 ± 277 (P = 0.064). The REE value as 
assessed by BIA was 1529 ± 501 for those with HCC and was 1660 ± 385 for those 
without HCC (P = 0.136). When comparing the values of REE determined by IC and 
predictive formulas in cirrhotics with HCC, it was observed that only the formulas of 
FAO/WHO (1985) and Cunningham (1980) presented values similar to those 
determined by IC. When comparing the REE values determined by the IC and 
predictive formulas in cirrhotics without HCC, it was observed that the formulas of 
Schofield (1985), FAO/WHO (1985), WHO (2000), IOM (2005) and Katch and McArdie 
(1996) presented values similar to those determined by IC.

Research conclusions
The REE determined by IC in cirrhotic patients with HCC was 1643 ± 364 and in those 
without HCC was 1526 ± 277 (P = 0.064). The REE value assessed by BIA was 1529 ± 
501 for those with HCC and 1660 ± 385 for those without HCC (P = 0.136). When 
comparing the values of REE determined by IC and predictive formulas in cirrhotics 
with HCC, it was observed that only the formulas of FAO/WHO (1985) and 
Cunningham (1980) presented values similar to those determined by IC. When 
comparing the REE values determined by the IC and predictive formulas in cirrhotics 
without HCC, it was observed that the formulas of Schofield (1985), FAO/WHO 
(1985), WHO (2000), IOM (2005) and Katch and McArdie (1996) presented values 
similar to those determined by IC.

Research perspectives
The REE as assessed by IC in cirrhotics with and without HCC was similar. When 
comparing the IC values with those of the BIA, we found that in patients with HCC, 
the values were similar. The values estimated by the predictive formulas were very 
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erratic and disparate, when compared to IC. The FAO/WHO formula could be used 
for those with or without HCC; the Cunningham formula in those without HCC and 
the McArdle in those with HCC, as they are the ones with the closest values to those 
obtained by IC in these cirrhotic patients. Apparently, the presence of HCC in 
cirrhotics does not appear to significantly alter the REE.
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Abstract
BACKGROUND 
Irritable bowel syndrome (IBS) is a bowel disorder involving abdominal pain or 
discomfort along with irregularity of stool form and passage frequency. The 
pathophysiology is poorly understood and seems to be multifactorial. 
Investigations of possible causes of IBS have included only a few colonic transit 
studies and no simultaneous determination of the colonic faecal content.

AIM 
To compare colon transit time and faecal load between IBS-patients and healthy 
control subjects.

METHODS 
The study included 140 patients with IBS, with a mean age of 50.0 years. The 
control group comprised 44 healthy persons with a mean age of 43.4 years, who 
were selected at random from the National Civil Register. Both the patient group 
and the control group underwent a marker study to measure colon transit time 
(CTT) and to calculate a faecal loading score. The patient group underwent 
treatment with a combined prokinetic regime, after which their CTT and faecal 
loading were reassessed. Analyses were performed to compare measurements 
between the control group and the patient group before and after treatment.

RESULTS 
Compared to healthy controls, IBS-patients exhibited a significantly prolonged 
mean CTT (45.48 h vs 24.75 h, P = 0.0002) and significantly greater mean faecal 
loading scores in all colonic segments (P < 0.001). Among IBS patients, we found 
no significant differences between the 48 h and 96 h radiographs. Among patients 
exhibiting increased CTT and faecal loading, approximately half exhibited a 

https://www.f6publishing.com
https://dx.doi.org/10.4292/wjgpt.v12.i1.13
http://orcid.org/0000-0003-3845-9047
http://orcid.org/0000-0003-3845-9047
http://orcid.org/0000-0002-8233-9176
http://orcid.org/0000-0002-8233-9176
mailto:dr.dr@dadlnet.dk


Raahave D et al. CTT and faecal load in IBS-patients

WJGPT https://www.wjgnet.com 14 January 5, 2021 Volume 12 Issue 1

selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Unsolicited 
manuscript

Specialty type: Gastroenterology 
and hepatology

Country/Territory of origin: 
Denmark

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: October 20, 2020 
Peer-review started: October 20, 
2020 
First decision: October 27, 2020 
Revised: November 26, 2020 
Accepted: December 4, 2020 
Article in press: December 4, 2020 
Published online: January 5, 2021

P-Reviewer: Bouchoucha M 
S-Editor: Gao CC 
L-Editor: Filipodia 
P-Editor: Wu YXJ

palpable mass in the right iliac fossa. After intervention with a prokinetic 
treatment, the mean CTT among IBS patients was reduced from 45.48 h to 34.50 h 
(P = 0.091), with the post-treatment CTT not significantly differing from the CTT 
among control subjects (P = 0.095). The faecal loading score among IBS patients 
did not significantly differ before and after treatment (P = 0.442). The post-
treatment faecal loading score in IBS patients remained significantly higher 
compared to that in controls (5.3 vs 4.3, P = 0.014). After treatment, half of the IBS-
patients were relieved of bloating, while the majority no longer experienced 
abdominal pain and achieved a daily consistent stool.

CONCLUSION 
IBS-patients exhibited prolonged CTT and heavier faecal loading. These 
assessments may aid in diagnosis. Faecal retention may contribute to IBS 
symptoms, which can be treated using a prokinetic regime.

Key Words: Irritable bowel syndrome; Functional bowel disease; Faecal retention; Colon 
transit time; Faecal load

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with irritable bowel syndrome (IBS) exhibit a significant prolonged 
colon transit time (CTT) and greater faecal loading compared to healthy people. This 
finding adds to our understanding of IBS since faecal retention may lead to major 
symptoms like abdominal bloating and pain and defaecation disturbances. The targeted 
therapy was a prokinetic regime. All the more, CTT/faecal load may serve as a 
diagnostic procedure.

Citation: Raahave D, Jensen AK. Increased colon transit time and faecal load in irritable bowel 
syndrome. World J Gastrointest Pharmacol Ther 2021; 12(1): 13-20
URL: https://www.wjgnet.com/2150-5349/full/v12/i1/13.htm
DOI: https://dx.doi.org/10.4292/wjgpt.v12.i1.13

INTRODUCTION
Irritable bowel syndrome (IBS) is a bowel disorder involving abdominal pain or 
discomfort along with irregularity of stool form and passage frequency[1]. Its 
prevalence ranges from 9%-23% of the world population[2]. IBS considerably affects 
quality of life and imposes a profound burden on patients, physicians, and the health-
care system[3,4]. The pathophysiology is poorly understood and seems to be 
multifactorial. Investigations for possible causes of IBS have included only a few 
colonic transit studies[5,6], and none have included a simultaneous determination of the 
colonic faecal content. Therefore, in the present study we aimed to measure colon 
transit time and faecal load in patients with IBS and to compare these measures with 
those of a healthy control group.

MATERIALS AND METHODS
This study included 140 patients diagnosed with IBS based on recurrent abdominal 
pain and abdominal discomfort during the last 3 mo, which was associated with two 
or more of the following: Improvement with defecation, change in frequency of stool, 
and change in form (appearance) of stool[7]. The patients were recruited from a 
database of 281 patients who were referred for abdominal and ano-rectal symptoms[8]. 
A control group was recruited from a random selection of 372 people over 18 years of 
age, from the National Civil Register. Screening excluded individuals with 
gastrointestinal symptoms who took laxatives or strong analgesics and who had 
previous abdominal surgery. A total of 44 people fulfilled these criteria and were 
included in the control group. This study was approved by a local ethical and research 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2150-5349/full/v12/i1/13.htm
https://dx.doi.org/10.4292/wjgpt.v12.i1.13


Raahave D et al. CTT and faecal load in IBS-patients

WJGPT https://www.wjgnet.com 15 January 5, 2021 Volume 12 Issue 1

committee and was conducted in accordance with the Declaration of Helsinki.
Included patients underwent a physical examination with special attention to 

abdominal signs, as well as a colonic marker study. The patients were on their own 
diet, and each patient swallowed a capsule containing 24 radiopaque markers 
(Sitzmark, Konsyl, Pharmaceutical Inc., Fort Worth, TX, United States), and then 
abdominal X-rays were taken after 48 h and 96 h[9]. Abdominal X-rays were divided 
into three segments, in a reverse Y-design, formed by the vertical column and two 
imaginary lines extending from the fifth lumbar vertebra to the right and left pelvic 
brim, pointing towards the femoral head, which was a modification from earlier 
studies[10,11]. The three segments include the right, transverse, and left colon and the 
rectum (Figure 1). The number of markers was counted in each segment and colonic 
transit time (CTT) was calculated using the following equation: CTT (in hours) = 
(48/n) × (n48 + n96), where n48 and n96 are the total number of markers observed at 
48 h and 96 h after ingestion of n = 24 markers[12]. The control subjects also ingested 24 
markers at the same time for 6 d, followed by an abdominal X-ray on day 7. In the 
control subjects, the number of markers visible on X-ray was then equal to the CTT in 
hours[12] (Figure 2).

The estimated faecal load in the colon from each segment on the X-ray was scored 
from 0-3, where 0 indicated no faeces visible, 1 indicated slight, 2 moderate, and 3 
severe faecal loading. We then obtained a segmental score of 0-3 and a total score of 0-
9 for each radiograph. Similarly, faecal loading scores were estimated for the controls. 
The presently used score is a modification of the Leech-score, which details faecal 
loading from 0-5[13]. The X-ray images were examined by observers who were unaware 
of the patients’ clinical course.

Intervention
The present study was designed to investigate the pathogenic mechanisms of IBS 
rather than a therapeutic trial. Thus, the patients received an established bowel 
stimulatory treatment, which included a low fat and fibre-rich diet and dietician-
guided meal planning, in accordance with guidelines of the Danish Nutritional 
Council. The diet was supplemented with 10-20 g of ispaghula husk per day, and the 
prokinetic drug, domperidone, 10 mg × 3 a day. Patients were also encouraged to 
perform 30 min of physical activity on a daily basis. This treatment continued until 
patients reported relief of symptoms. At this time, CTT and faecal loading were 
reassessed.

Statistical analysis
The data were entered into a database, and analyses were performed using R 4.0.1 (R 
Core Team). Patients’ characteristics were expressed using frequency, percentage, 
mean, range, and standard deviation (SD). Differences (e.g., between the sexes) were 
calculated using a t-test and a permutations test for independence. The permutation 
test was also used to calculate differences between CTT values and between faecal 
loading scores. This test was selected because the variables did not show a normal 
distribution. Finally, we investigated possible associations of CTT and faecal load with 
specific symptoms and physical signs. A P of < 0.05 was considered to indicate 
statistical significance.

RESULTS
Among 140 patients, the mean age was 50.0 years (range 17.0-81.2 years), and 118 
patients were female and 22 were male. Mean age did not significantly differ between 
sexes, 49.6 years vs 52.3 years, P = 0.448. The control group included 44 randomly 
selected healthy persons with mean age of 43.4 years (range 21.0-67.0 years) and 
included equal numbers of males and females.

The marker study revealed a mean CTT of 45.48 h among the 140 patients, 
compared to 24.75 h in the 44 controls, (P = 0.0002). CTT did not significantly differ 
between male and female patients (41.22 h vs 38.63 h, P = 0.741) or between male and 
female controls (19.73 h vs 29.77 h, P = 0.111). Patients and controls exhibited 
significant differences in mean faecal loading scores in all colonic segments at 48 h 
(right: 2.25 vs 1.80, left: 1.95 vs 1.25, distal: 1.95 vs 1.27; all P < 0.001) and at 96 h 
(right:2.41 vs 1.80, left: 2.05 vs 1.25, distal: 2.05 vs 1.27; all P < 0.001). Mean loading 
scores did not significantly differ between the 48 h and 96 h radiographs. Total mean 
faecal loading scores significantly differed between women and men among patients 
(5.77 vs 6.40, P = 0.025) but not among controls (4.55 vs 4.09, P = 0.179).
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Figure 1 Colon transit study in an irritable bowel syndrome patient. Patient ingested 24 markers, and an X-ray was acquired at 48 h. From the X-ray, 
we counted the number of markers in each segment: 2 + 8 + 10 = 20; faecal load score: 2 + 2 + 1 = 5 (see text).

Figure 2 Colon transit study in a healthy control. Subjects ingested the 24 markers for 6 d, and an X-ray was acquired on day 7. From the X-ray we counted 
the number of markers in each segment: 11 + 6 + 1 = 18; faecal load score: 2 + 1 + 1 = 4 (see text).

We used linear regression model to examine associations between markers and 
faecal load. Data from patients´ radiographs at 48 h and 96 h revealed significant 
associations between markers and faecal load (P < 0.001). These parameters showed 
the same relationship patterns among controls.

The mean intervention treatment period was 690 d. The mean CTT among patients 
was reduced from 45.48 h pre-intervention to 34.50 h post-intervention (P = 0.091). The 
mean CTT did not significantly differ between treated patients and healthy controls (P 
= 0.095). On the other hand, we found no significant difference between pre-treatment 
and post-treatment values of total faecal loading score 48 h (P = 0.442) or at 96 h (P = 
0.127). Compared to healthy controls, post-treatment patients showed significantly 
heavier total faecal loading at both 48 h (5.3 vs 4.3, P = 0.014) and 96 h.

Of the 140 patients, 58 (41.4%) exhibited a palpable faecal mass in the right fossa. 
Among the 57 patients with an elevated CTT of > 24.75 h (mean among healthy 
controls), 28 patients (49.1%) had a palpable mass. Similarly, of the 102 patients with a 
48 h faecal loading score of > 1.80 (mean among healthy controls), 47 (46.1%) exhibited 
a palpable mass. Additionally, among 56 patients with an increase in CTT of > 24.75 h, 
37 (66.1%) exhibited meteorism (P < 0.001).

After the intervention, 43.9% of the patients were relieved from bloating (P = 
0.1083), and 60.9% of patients no longer experienced abdominal pain (P = 0.0193). With 
regards to defaecation after the intervention, 88.6% of patients achieved normal daily 
defaecation (P < 0.001), and 74.3% had a formed stool (P < 0.001).
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DISCUSSION
To our knowledge, our present study was the first to report the CTT and faecal load in 
IBS-patients. Our results showed that IBS patients had a prolonged CTT and heavier 
faecal load in all parts of the colon compared to healthy controls. Prior measurements 
of the degree of faecal loading have been exclusively described in children, and several 
systems have been developed to score both the amount of faeces and its localization in 
different colon segments[14,15]. The Leech-score is a reproducible tool for assessing faecal 
loading, with high intra-observer and interobserver agreement[13,16-18]. The plain 
abdominal radiograph has seldom been used in adults[18,19].

In contrast, CTT is widely used as a reproducible method[9]. In particular, CTT is 
utilized to assess for the presence of slow transit constipation. In our present study of 
IBS-patients, we utilized a single ingestion of markers to ensure better compliance, and 
the markers were counted on radiographs acquired at 48 h and 96 h after ingestion. 
We counted the localized markers in the right, left, and distal parts of the colon, 
including the rectum. This method was used regardless of bowel outlines that may 
suggest some other placement of a part of the colon. In the control subjects, we utilized 
multiple marker ingestion at the same time for 6 consecutive days followed by an 
abdominal X-ray on day 7, to circumvent the difficulty and unnecessary radiation 
exposure involved in obtaining two radiographs. With this technique, we measured 
the mean value of the mean transit times of different boluses of ingested markers, and 
the numbers of markers visible on the radiograph was equal to the segmental total 
transit time in hours[12]. This method is analogous to a bolus ingestion of markers 
visible on successive daily abdominal X-rays, and the two techniques were 
significantly correlated[9].

CTT has seldom been measured in IBS patients. After eliminating many patients 
with IBS constipation, Bouchoucha et al[20] found that CTT values in IBS patients 
significantly differed between male patients (25.7 h; n = 194) and female patients (31.1 
h; n = 558). Other reports have also shown sex-based differences in CTT among both 
IBS-patients and control subjects[21]. However, in our study CTT of patients and 
controls was not associated with gender. Among healthy adults, CTT reportedly varies 
between 24.5 h and 45.6 h[20,22-24], and thus it is rather difficult to define a normal CTT. 
Variations in CTT can be attributed to the population investigated, dietary and fluid 
intake, physical activity, and study methodology. Notably, the CTT measurements 
obtained in sitz- or plastic marker studies of patients and controls have decreased over 
many years. Thus, our present CTT measurements for both IBS-patients and controls 
are at the lower end compared to prior studies.

Radiopaque markers are not absorbed, do not alter gut metabolism, and have the 
same specific gravity as gut content and can thus be assumed to travel at the same rate 
as faeces. Markers are proven to be significantly associated with faecal load. Despite 
this, we observed great variation. Thus, patients with a heavy load may have few 
markers, and patients with a high load may have many markers. Additionally, the 
faecal load determined at 96 h was the same as at 48 h, indicating a stationary 
condition. A significant difference in faecal load was found between female and male 
IBS-patients, which was not the case for controls.

The pathophysiology of IBS is poorly understood and appears to be multifactorial, 
involving the combined impact of food intake, physical activity, mental status, 
previous infections, and genetics[25]. Recent years have brought emerging insights into 
the nervous system, and nervous system dysfunction may play a role in IBS[26]. Our 
increasing understanding of the gut microbiome has also highlighted its potential role 
in IBS symptoms[27]. In this context, faeces in the colon, and thereby the faecal load, 
may be viewed as the end result of all of these factors. Here, we found that faecal load 
was heavier in IBS patients than in healthy persons, and thus appears to be important 
in IBS. All the more, a palpable faecal mass in the right iliac fossa was found in many 
patients. The retention was observed irrespective of defaecation patterns (i.e., 
diarrhoea or constipation) and represents a hidden constipation.

Nearly half of the IBS patients in our study exhibited a palpable faecal mass in the 
right fossa, which was associated with both increased CTT and heavier faecal load. 
Moreover, a high proportion of IBS patients with an increased CTT suffered from 
meteorism. The endogenous source of intestinal gas is the fermentation processes of 
yeast and bacteria, which produces hydrogen, carbon dioxide, methane, butyric acid, 
and odoriferous sulphur compounds[28]. In particular, colonic hydrogen production is 
greater in patients with IBS than controls[29]. Thus, patients’ symptoms of bloating and 
abdominal pain may be caused by gas distending the colonic wall. This is in 
agreement with a study showing greater abdominal distension in IBS patients with 
delayed transit than in those with normal transit[30]. Our present results are consistent 
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with that finding.
The simultaneous determination of CTT and faecal loading may serve as a 

diagnostic tool for IBS, rather than diagnosing this condition based on a constellation 
of symptoms alone.

The present study was not a therapeutic trial but rather an investigative study of the 
mechanisms of IBS. Various IBS treatment concepts have been suggested[31]. Our 
patients exhibited faecal retention, and the administered treatment was targeted to 
relieve faecal retention with a dietary and prokinetic regime, including physical 
activity. Domperidone blocks the inhibitory effect of dopamine in the proximal colon 
in dogs[32] and thereby facilitates movements. In a placebo-controlled study, 
domperidone resulted in significantly reduced abdominal pain, flatulence, and 
abnormal bowel habits[33]. After the intervention, the patients exhibited reduced CTT 
values that were very close to the CTT values of healthy controls. However, the 
patients did not exhibit a corresponding reduction of faecal loading, which remained 
heavier than in the controls. These findings are in good agreement with the fact that 
only half of our patients experienced relief from bloating after the intervention. 
Fortunately, the majority of the patients no longer experienced abdominal pain and 
achieved daily and formed defaecation. It is possible that a treatment including 
prucalopride may constitute a more effective prokinetic regime for accelerating 
transit[34].

CONCLUSION
Our present results showed a significantly prolonged CTT and significantly heavier 
faecal loading in IBS-patients compared to healthy controls. This suggests that faecal 
retention may contribute to the symptoms in IBS, which could thus be relieved by 
treatment with a prokinetic regime. Our findings also indicate that the simultaneous 
determination of CTT and faecal loading may serve as a diagnostic procedure for IBS.

ARTICLE HIGHLIGHTS
Research background
Patients with irritable bowel syndrome (IBS) experience abdominal pain and 
irregularities of stool form and passage frequency. The prevalence ranges from 9%-
23%, and IBS imposes profound burdens on patients, physicians, and the healthcare 
system. The pathophysiology is poorly understood.

Research motivation
Faecal retention is suspected to play a role in IBS symptoms. However, few colonic 
transit studies exist, and none have included simultaneous determination of colonic 
faecal content. Such information would likely have implications for choice of 
therapeutic decisions.

Research objectives
The present case-control study was performed to compare colonic transit time (CTT) 
and faecal load between IBS-patients and healthy controls. We further aimed to 
compare these parameters in patients before and after treatment with a prokinetic 
regime.

Research methods
CTT and faecal load were measured by performing a marker study. IBS-patients 
swallowed a capsule containing 24 radiopaque markers, and abdominal X-rays were 
taken after 48 h and 96 h. Control subjects ingested 24 markers at the same time for 6 d, 
followed by an X-ray on day 7. For both groups, CTT was calculated in hours, and a 
faecal load score was estimated.

Research results
Compared to 44 healthy controls, 140 IBS-patients exhibited a significantly prolonged 
mean CTT (45.48 h vs 24.75 h, P < 0.001) and a significantly greater mean faecal 
loading scores in each colonic segment (P < 0.001). After the intervention, the mean 
CTT in IBS-patients was reduced from 45.48 h to 34.50 h (P > 0.05), with the post-
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treatment CTT not significantly differing from the CTT among control subjects (P > 
0.05). Moreover, following treatment, half of the patients were relieved from bloating, 
and the majority no longer experienced abdominal pain and had achieved a consistent 
daily stool.

Research conclusions
IBS-patients were examined by using a new method comprising the simultaneous 
determination of CTT and faecal load. Our results showed a significantly prolonged 
CTT and significantly heavier faecal loading in IBS-patients compared to healthy 
control persons. These findings may contribute to the IBS symptoms, which were 
relieved to some degree following treatment with a prokinetic regime. Studies are 
needed to examine further the association between faecal retention and symptoms.

Research perspectives
Simultaneous measurement of CTT and faecal load may serve as a diagnostic tool for 
investigating IBS-patients and could also be extended for use in patients with other 
bowel disorders. This method may also be useful for monitoring the effects of different 
treatment regimens.
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Abstract
BACKGROUND 
Constipation as a most common non-motor symptom of Parkinson's disease (PD), 
has a higher prevalence compared to the general population. The etiologies of 
constipation in PD are diverse. In addition to physical weakness and other factors 
of disease, the lifestyles and eating habits are also important factors. Therefore, 
the prevalence and influencing factors of constipation may vary among different 
populations.

AIM 
To determine the prevalence of constipation and analyze relative factors in a 
cohort of Chinese patients with PD.

METHODS 
All the patients diagnosed with PD according to the movement disorders society 
criteria were consecutively collected by a self-developed questionnaire. Rome III 
diagnostic criteria were used to assess functional constipation and Wexner score 
was used to estimate the severity of constipation. Non-motor symptoms (NMS) 
were assessed with the non-motor symptoms assessment scale (NMSS). Unified 
Parkinson's disease Rating Scale III (UPDRS III) was used to evaluate the severity 
of motor symptoms. The modified Hoehn-Yahr stage was used to evaluate the 
severity of PD. Cognitive function was assessed using Montreal cognitive 
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assessment (MoCA). Depression and anxiety were rated with the Hamilton 
depression scale (HAMD) and the Hamilton anxiety scale (HAMA). Quality of life 
was assessed using the Parkinson’s disease Questionnaire-39 items (PDQ-39).

RESULTS 
Of 166 patients enrolled, 87 (52.41%) were accompanied with constipation, and 30 
(34.48%) experienced constipation for 6.30 ± 5.06 years before motor symptoms 
occurred. Age, Hoehn-Yahr stage, disease duration, levodopa medication times, 
incidence of motor complications, the scores of UPDRS total, UPDRS III, NMSS, 
HAMD, HAMA, and PDQ-39 in the constipation group were higher than those in 
the non-constipation group (P < 0.05), but there was no difference in the scores of 
MoCA, clinical types, or medications between the two groups (P > 0.05). There 
was a higher incidence of depression in patients with constipation (P < 0.05), but 
there were no difference in the incidence of anxiety and cognitive impairment 
between the two groups (P > 0.05). As Hoehn-Yahr stages increased, the severity 
of constipation increased (P < 0.05), but not the incidence of constipation (P > 
0.05). Pearson correlation analysis showed that constipation was moderately 
positively correlated with age, Hoehn-Yahr stage, and scores of NMSS, UPDRS III, 
UPDRS total, PDQ-39, HAMD, and HAMA (r = 0.255, 0.172, 0.361, 0.194, 0.221, 
0.237, 0.238, and 0.207, P < 0.05). Logistic regression analysis showed that only 
NMSS score was an independent risk factor for constipation (P < 0.001).

CONCLUSION 
Our findings confirm that constipation has a relatively high frequency in patients 
with PD. PD patients with constipation have a higher incidence of depression, 
which leads to worse quality of life.

Key Words: Parkinson’s disease; Non-motor symptoms; Constipation; Clinical 
characteristics; Quality of life; Depression

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to determine the prevalence of constipation and analyze its 
clinical characteristics and relative risk factors in a cohort of Chinese patients with 
Parkinson's disease (PD). Our findings confirmed that constipation had a relatively 
high frequency in patients with PD. The patients with constipation had a higher 
incidence of depression, which led to worse quality of life.

Citation: Sun BH, Wang T, Li NY, Wu Q, Qiao J. Clinical features and relative factors of 
constipation in a cohort of Chinese patients with Parkinson's disease. World J Gastrointest 
Pharmacol Ther 2021; 12(1): 21-31
URL: https://www.wjgnet.com/2150-5349/full/v12/i1/21.htm
DOI: https://dx.doi.org/10.4292/wjgpt.v12.i1.21

INTRODUCTION
Parkinson's disease (PD) is a degenerative disease of the central nervous system. In 
addition to motor symptoms such as resting tremor, bradykinesia, myotonia, and 
posture imbalance, non-motor symptoms (NMS) are also very common: Olfactory 
dysfunction, autonomic dysfunction, mood disorders, sleep disorders, gastrointestinal 
symptoms, cognitive impairment, etc[1,2]. NMS can occur at any stage of the disease, 
and some even appear before the onset of motor symptoms and seriously affect quality 
of life, especially in later stages. In recent years, it has been considered that the brain-
intestinal-microbial axis plays a significant role in pathogenesis or progression of PD. 
The intestinal nervous system may be the onset site of PD. Gastrointestinal symptoms 
may be correlated to the occurrence and deterioration of PD[3,4]. The factors causing 
constipation are complex. It is not only physical weakness but also lifestyle risks such 
as less fluid intake[5]. Additionally, side effects of medications are responsible for many 
patients[3,6]. More and more evidence showed that delayed colonic transit and 
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peripheral parasympathetic system dysregulation are very important mechanisms[7]. 
The lifestyles and eating habits are also important factors. Different races and regions 
have different lifestyles and eating habits. In addition, studying on the gastrointestinal 
symptoms in PD can be conducive to understanding the pathogenesis and 
heterogeneity of clinical manifestations of PD. In the present study, we 
comprehensively screened NMS, especially constipation, in patients with PD in 
northwestern China and analyzed the clinical characteristics and relative factors of 
constipation.

MATERIALS AND METHODS
Patients
Based on a cross-sectional survey, consecutive patients who met the movement 
disorders society criteria for PD[8] were recruited at the First Affiliated Hospital of 
Xi'an Jiaotong University (Shaanxi Province, China) from March to November 2018. 
The secondary Parkinson's syndrome such as post-traumatic, drug-induced, and 
vascular parkinsonism were excluded. Patients who could not complete rating scales 
due to severe cognitive dysfunction and those with acute and chronic gastrointestinal 
diseases in the past 6 mo were excluded. The research was approved by the local ethics 
committee. All patients gave their consent to participate and were assessed by 
experienced neurologists by face-to-face interviews.

Clinical assessments
Demographic variables, such as gender, age, side of onset, education level, disease 
duration, medical history, motor complications, and equivalent daily dose of levodopa 
were recorded for all patients using a self-designed questionnaire.

Constipation was assessed based on Roman III criteria for functional constipation. 
The constipation severity was evaluated by Wexner score (The lowest score is 0, and 
the highest score is 30. The higher the score, the more severity of constipation).

The modified Hoehn-Yahr stage was used to assess severity and Unified Parkinson's 
disease Rating Scale (UPDRS) III was used to assess motor symptoms.

NMS were evaluated with the non-motor symptoms assessment scales (NMSS), a 
self-administered 30-item instrument for screening the presence NMS and incidence of 
each non-motor symptom. The higher the scores, the more severe the NMS.

Depression was assessed using the Hamilton depression scale (HAMD)-24 items. A 
score of HAMD scale-24 items ≥ 8 points suggested depression.

Anxiety was assessed using the Hamilton anxiety scale (HAMA)-14 items. A score 
of HAMD scale-14 items ≥ 7 points indicated anxiety.

Quality of life was assessed using the Parkinson’s disease Questionnaire-39 (PDQ-
39). The higher the score, the worse the quality of life.

Cognitive impairment was evaluated using the Montreal cognitive assessment 
(MoCA) (if educational years < 12 years, 1 point was added to the test results to correct 
the test bias, and < 26 points suggested cognitive dysfunction).

The tremor score was composed of item 16 in UPDRS II and items 20 and 21 in 
UPDRS III, and non-tremor scores included items 5, 7, and 12 to 15 in UPDRS II and 
items 18 to 19 and 22 to 31 in UPDRS III. The motor symptoms have two clinical 
subtypes: Tremor type (tremor score/non-tremor score > 1) and non-tremor type 
(straight-type, tremor score/non-tremor score ≤ 1).

Data analysis
Data were analyzed using SPSS version 17.0 (SPSS Inc., Chicago, IL, United States). 
The Normally distributed continuous data are represented by the mean ± standard 
deviation (SD), and non-normally distributed data are presented by medians (quartile) 
and were analyzed by the Kruskal-Wallis test. Discrete variables were compared by 
the Chi square test. The t-test was used to compare the age, age of onset, UPDRS III, 
levodopa equivalent dose, NMSS, HAMA, HAMD, MoCA, PDQ-39, and Wexner 
scores between the constipation and non-constipation groups. The Kruskal-Wallis test 
was used to compare the incidence of constipation and one-way ANOVA was used to 
compare Wexner scores among different Hoehn-Yahr stages.

Pearson correlation analysis was performed to examine the correlation of 
constipation with sex, age, age of onset, scores of NMS, UPDRS total, UPDRS, PDQ-39, 
MoCA, HAMD, and HAMA, and Hoehn-Yahr stage. The unconditional logistic 
regression model was conducted to identify the risk factors for constipation in PD 
patients. A P value less than 0.05 was considered statistically significant.
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RESULTS
Patient characteristics 
A total of 166 subjects with PD were enrolled, including 76 women and 90 men, with a 
mean age of 65.92 ± 9.02 years, mean disease duration of 4.89 ± 3.93 years, and mean 
age at onset of 61.01 ± 9.97 years. Table 1 shows their characteristics and scores of 
rating scales. According to modified Hoehn-Yahr stage, 21 (12.65%) patients were in 
stage 1, 31 (18.67%) in stage 1.5, 56 (33.73%) in stage 2, 20 (12.05%) in stage 2.5, 28 
(16.87%) in stage 3, and 10 (6.02%) in stage 4. Among them, 134 (80.72%) patients were 
treated with levodopa, 92 (55.42%) with dopamine agonists, 44 (26.51%) with 
monoamine oxidase B inhibitor, 9 (5.42%) with catechol-oxyl-methyltransferase 
inhibitor, 26 (15.66%) with anticholinergic drug, and 15 (9.04%) with amantadine.

Comparison of general characteristics between patients with constipation and non-
constipation
Of all patients with PD enrolled, 87 (52.41%) were accompanied with constipation. 
Among constipation patients, 30 (34.48%) had constipation occurring before 6.30 ± 5.06 
years at onset of motor symptoms. The age of patients, disease duration, Hoehn-Yahr 
grade, duration of levodopa treatment, incidence of motor complications, scores of 
UPDRS total and UPDRS III, NMSS, HAMD, HAMA, and PDQ-39 in the constipation 
group were significantly higher than those in the non-constipation group (P < 0.05), 
but there was no statistical difference in the scores of MoCA, clinical types, or 
medications between the two groups (P > 0.05). Details are given in Table 2.

Incidence of depression, anxiety, and cognitive impairment between patients with 
and without constipation 
Compared to the non-constipation group, there was a higher incidence of depression 
in patients with constipation (46.84% vs 64.37%, P < 0.05). But there was no statistical 
difference in the incidence of anxiety and cognitive impairment between the two 
groups (P > 0.05). Detailed data are shown in Table 3.

Incidence and severity of constipation in patients of different Hoehn-Yahr stages 
According to the modified Hoehn-Yahr stage, there were 52 patients in stage 1-1.5, 76 
in stage 2-2.5, 28 in stage 3, and 10 in stage 4. Although the incidence of constipation 
did not increase while Hoehn-Yahr stage increased (P > 0.05), the severity of 
constipation increased while Hoehn-Yahr stage increased (P < 0.05). Detailed results 
are shown in Table 4.

Risk factors for constipation 
Pearson correlation analysis showed that constipation was moderately positively 
correlated with age, Hoehn-Yahr stage, NMSS scores, UPDRS III and total scores, 
PDQ-39 scores, MoCA scores, HAMD scores, and HAMA scores (r = 0.255, 0.172, 
0.361, 0.194, 0.221, 0.237, 0.238, and 0.207, respectively, P < 0.05). Results are shown in 
Table 5. Other variables such as sex, age at onset, MoCA scores, and medication did 
not have a correlation with constipation (P > 0.05).

Using constipation as the dependent variable, and factors such as age, disease 
duration, Hohen-Yahr stages, UPDRS III scores, duration of medication, depression 
and anxiety, and NMSS score as independent variables, the logistic regression analysis 
demonstrated that only NMSS score was an independent risk factor for constipation (P 
< 0.001).

DISCUSSION
Traditionally, cytotoxicity and Lewy body (LB) formation mediated by α-synuclein (α-
SYN) was preferential in the pathogenesis of PD. In fact, the pathological changes of 
PD are extensive. Besides the brainstem, abnormal α-SYN also deposits in many other 
parts of the body including the intestine, pancreas, heart, salivary glands, and skin. PD 
is a syndrome of multiple organ dysfunction involving dopaminergic, adrenergic, 
serotoninergic, and cholinergic pathways[4]. Therefore, the clinical manifestations of PD 
include varieties of NMS such as olfactory hypothyroidism, cognitive disorders, sleep 
disorders, depression, constipation, and other motor symptoms[1]. We have realized 
the negative impact of NMS on quality of life. For some PD patients, disability may be 
more severe in NMS than dyskinesia[9]. Although PD has been recognized for 200 
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Table 1 Clinical characteristics of the subjects

Characteristic Value Characteristic Value

Patients n 166 Hoehn-Yahr stage n (%)

Male n (%) 90 (54.22) Stage 1 21 (12.7)

Mean age ± SD (yr) 65.92 ± 9.02 Stage 1.5 31 (18.7)

Hypertension n (%) 60 (36.14) Stage 2 56 (33.7)

Diabetes n (%) 14 (8.43) Stage 2.5 20 (12.0) 

Coronary heart disease n (%) 16 (9.64) Stage 3 28 (16.9) 

Family history of PD n (%) 8 (4.82) Stage 4 10 (6.0) 

Mean age at onset ± SD (yr) 61.01 ± 9.97 Mean scores of scale ± SD

Disease duration (yr) 4.89 ± 3.93 UPDRS total 39.16 ± 18.39

Clinical type n (%) UPDRS III 21.79 ± 11.72

Tremor 91 (54.82) Wexner 4.29 ± 5.30

Non-tremor 75 (45.18) HAMD 10.00 ± 8.61

Motor complications n (%) HAMA 11.18 ± 10.27

Symptom fluctuation 51 (30.72) MoCA 19.56 ± 5.75

Dyskinesia 25 (15.06) PDQ-39 35.66 ± 24.06

Medication n (%) NMSS 49.89 ± 32.55

Levodopa 134 (80.72)

Dopamine agonist 92 (55.42)

MAO-B inhibitor 44 (26.51)

COMT inhibitor 9 (5.42)

Anticholinergic 26 (15.66)

Amantadine 15 (9.04)

PD: Parkinson's disease; UPDRS: Unified Parkinson’s disease Rating Scale; HAMD: Hamilton depression scale; HAMA: Hamilton anxiety scale; MAO: 
Monoamine oxidase; COMT: Catechol-o-methyltransferase; NMSS: Non-motor symptoms assessment scales; PDQ-39: Parkinson’s disease questionnaire-
39; MoCA: Montreal cognitive assessment.

years, the mechanisms of its pathogenesis and treatments still need to be explored, 
especially outside the central nervous system[10]. The present research showed that 
NMS are common during the whole course of PD. Almost all PD patients complained 
of at least one NMS, with an average of eight NMS[11]. NMS may involve multiple 
regions and neurotransmitter disorder in the pathogenesis of PD[1]. A Korean 
population study showed that gastrointestinal symptoms were widespread even in 
patients with early PD without treatment, with the incidence of constipation being 
46.3%[12]. Some studies have shown that before the midbrain dopaminergic neurons 
were affected, a variety of NMS could occur, which was associated with a higher risk 
of developing PD. It was suggested that NMS may be considered an early clinic 
manifestation in PD patients[13]. Therefore, constipation, one of NMS, in PD patients 
may be an intrinsic symptom.

Our findings confirm that constipation (52.41%) is a common NMS in PD with a 
relatively high frequency. Constipation had occurred in about 34.48% of patients for a 
mean of 6.3 years before the onset of motor symptoms. The incidence of constipation 
in patients with PD has been reported to be 4%-71%, mostly at 24%-63%, some even up 
to 80%[2,14]. The reason for the inconsistencies in epidemiological surveys may be 
related to differences in study population and inclusion criteria. A prospective clinical 
study found that people who had defecated more than once a day had a 2.7 times risk 
of developing PD after 10 years of follow-up than those who defecated less than once a 
day[15]. Pathological studies also demonstrated that patients defecated more than once 
a day had a four-fold increase in the probability of subsequent Lewy body deposition 
compared with those who defecated less than once a day[16]. These findings suggested 
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Table 2 Comparison of general characteristics between the constipation and non-constipation groups

Constipation Non-constipation t/χ2 value P value

Male, n (%) 52 (59.77) 38 (48.10) 2.271 0.132

Mean age ± SD (yr) 68.10 ± 8.16 63.51 ± 9.42 3.355 0.001

Mean age at onset ± SD (yr) 62.34 ± 9.38 59.56 ± 10.52 1.796 0.074

Mean disease duration ± SD (yr) 5.66 ± 4.41 4.00 ± 3.12 2.732 0.007

Clinical types, n (%)

Tremor 46 (52.87) 45 (56.96)

Non-tremor 41 (47.13) 34 (43.04) 0.279 0.597

Hoehn-Yahr stage (median, quartile) 2.0 (1.5, 3.0) 2.0 (1.5, 2.5) -2.451 0.014

Mean UPDRS total scores ± SD 43.02 ± 19.57 34.90 ± 16.05 2.889 0.004

Mean UPDRS III scores ± SD 23.94 ± 12.03 19.41 ± 10.97 2.512 0.013

Mean levodopa equivalent dose ± SD 
(mg/d) 

468.17 ± 357.98 441.92 ± 428.78 0.416 0.678

Mean daily dose of levodopa ± SD 
(mg/d)

500.41 ± 326.55 430.91 ± 163.93 1.491 0.138

Mean levodopa medication times ± SD 
(mo)

53.43 ± 49.56 29.25 ± 35.77 3.265 0.001

Medication, n (%)

Levodopa 73 (83.91) 61 (77.22) 1.192 0.275

Dopamine agonist 53 (60.92) 39 (49.37) 2.273 0.135

MAO-B inhibitor 23 (26.44) 21 (26.58) < 0.001 0.983

COMT inhibitor 7 (8.05) 2 (2.53) 2.455 0.117

Anticholinergic 14 (16.09) 12 (15.19) 0.026 0.873

Amantadine 7 (8.05) 8 (10.13) 0.218 0.641

Motor complications, n (%)

Symptom fluctuation 33 (37.93) 18 (22.78) 4.463 0.035

Dyskinesia 18 (20.69) 7 (8.86) 4.529 0.033

NMSS scores 61.05 ± 32.95 37.59 ± 27.42 4.928 0.000

HAMD scores 11.94 ± 8.59 7.86 ± 8.16 3.113 0.002

HAMA scores 13.20 ± 10.37 8.96 ± 9.75 2.688 0.008

MoCA scores 19.71 ± 5.48 19.36 ± 6.11 0.374 0.709

PDQ-39 scores 41.07 ± 25.58 29.69 ± 20.84 3.104 0.002

UPDRS: Unified Parkinson’s disease Rating Scale; MAO: Monoamine oxidase; COMT: Catechol-o-methyltransferase; NMSS: Non-motor symptoms 
assessment Scales; HAMD: Hamilton depression scale; HAMA: Hamilton anxiety scale; MoCA: Montreal cognitive assessment; PDQ-39: Parkinson’s 
disease questionnaire-39.

that constipation may promote the risk of PD. Although constipation is universal in 
patients with PD, the clinical manifestations are diverse.

Lifestyles especially food habits are responsible for constipation in PD patients, but 
not a critical factor. Constipation patients with PD consumed less water fluid and 
fewer fresh fruits, raw vegetables, fish, meats, etc.[17]. The incidence of constipation in 
PD patients is higher in Asian populations than in Western populations. According to 
surveys in Asian countries (such as in China, South Korea, and India), the difference 
may be related to diet habit, exercise, nutritional status, gut flora, education, and drug 
treatment[18].

Constipation in PD patients is directly related to its pathogenesis. According to the 
Braak staging scheme, the PD lesions do not start from the dopaminergic neurons in 
the midbrain. The olfactory bulb, the glossopharyngeal nerve, the vagus nerve dorsal 
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Table 3 Incidence of depression, anxiety, and cognitive impairment between the constipation and non-constipation groups

n Anxiety (%) Depression (%) Cognitive impairment (%)

Constipation 87 55 (63.22) 56 (64.37) 71 (81.61)

Non-constipation 79 40 (50.63) 37 (46.84) 63 (79.75)

χ2 2.695 5.187 0.092

P 0.115 0.029 0.845

Table 4 Comparison of incidence and severity of constipation in different modified Hoehn-Yahr grades (%, ± s)

Grade 1-1.5 2-2.5 3 4 χ2/F P value

n 52 76 28 10

Constipation 22 (42.31) 41 (53.95) 16 (57.14) 8 (80.00) 5.470 0.140

Wexner score 6.73 ± 4.14 6.76 ± 3.58 11.19 ± 5.38 13.50 ± 2.98 10.138 < 0.001

Table 5 Correlations of constipation and different related scale scores

r P value

Age 0.255 0.001

Modified Hoehn-Yahr stage 0.172 0.027

NMMS scores 0.361 < 0.001

UPDRS III scores 0.194 0.013

UPDRS total scores 0.221 0.004

PDQ-39 scores 0.237 0.002

HAMD scores 0.238 0.002

HAMA scores 0.207 0.008

NMSS: Non-motor symptoms assessment scales; UPDRS: Unified Parkinson’s disease Rating Scale; PDQ-39: Parkinson’s disease questionnaire-39; HAMD: 
Hamilton depression scale; HAMA: Hamilton anxiety scale.

nucleus, and the intestinal intermuscular nerve plexus may be involved at the early 
stage of the disease[19]. Recent studies have shown that the pathological changes of PD 
may be changed through the intestinal microbial flora to the intestinal nervous system. 
Intestinal microbial flora changes can result in misfolding of α-SYN. The pathological 
α-SYN could be absorbed into the intestinal plexus by the intestinal mucosa from the 
myenteric plexus, and then retrogradely transmitted to the brain stem and brain along 
the vagus nerve, which may result in dopaminergic property alteration in the 
substantial nigra. In addition, the intestinal microbial flora may have a direct effect on 
host neural activity through the production of hormones and neurotransmitters, such 
as monoamines, GABA, and short-chain fatty acids. These products could lead to 
central nervous system glial activation and promote changes in inflammatory 
signaling molecules and oxidative stress, which may be the basic mechanisms of 
neurodegeneration in PD[3,20]. In the early stage of PD, the Lewy body has been found 
to be deposited in the submucosal plexus of the intestine[21]. It has been also reported 
that the incidence of PD in constipation patients was 3.3-4.2 times higher than those 
without constipation, and the severity of constipation was closely associated with the 
occurrence of PD[22]. We therefore postulated that constipation may be a precursor sign 
in the early stage of PD.

It has been found that there is a higher incidence of anxiety and depression in PD 
patients. The prevalence of depression varies from 2.7% to 90%[23,24], which may be 
attributed to differences of methodology or diagnostic criteria. A report indicated that 
the prevalence of depression was 11.17% and anxiety was 25.81% in Chinese PD 
patients[25]. Our findings show that the prevalence of depression and anxiety in PD 
patients was higher, and patients with constipation were more prone to depression but 
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without anxiety and cognitive impairment. Hawkes et al[20] have proved that the 
pathogenesis of PD is not only associated with the substantia nigra, but also related to 
the raphe nucleus and locus coeruleus before the presence of motor symptoms in 
PD[20]. It was suggested that serotonin and noradrenaline were involved in the 
occurrence of depression in PD[9].

Univariate analysis showed that the PD patients with constipation had older age, 
longer disease duration, more severe motor symptoms, and higher Hoehn-Yahr stages. 
The causes and mechanisms of constipation with PD are still unclear. The decline of 
sphincter function and anti-PD drugs such as levodopa and benzhexol are important 
factors. Other factors such as abdominal muscle weakness, decreased water intake, 
decreased activity, and bed rest also can increase the risk of constipation occurrence. In 
recent years, gut-first theory of PD exactly explained the causes of gastrointestinal 
symptoms. In addition to central nervous system degeneration, PD also undergoes 
degeneration of the enteric nerves, which is even earlier than that of the central 
nervous system. During the progression of PD, the changes of intestinal microbial flora 
could cause changes in the permeability of the intestinal mucosa and intestinal 
inflammation, which may result in the misfolding of α-SYN, and the misfolded α-SYN 
is deposited in neurons of intestinal mucosal and parasympathetic neurons of the 
spinal cord. Subsequently, dysfunction of intestinal neurons could cause delayed 
colonic transit and outlet obstruction, and finally resulted in constipation[26]. In 
addition, the degeneration of the dorsal vagus nucleus in PD patients may lead to 
autonomic nervous dysfunction, exacerbation of gastrointestinal dysfunction, and 
failure of defecation-related muscle contraction and relaxation. Dysfunction of the 
pelvic floor and anorectal sphincter is another cause[2]. The incidence of depression in 
patients with constipation is also increased. Depression may result in decreased ability 
of physical activity, daily activities, appetite, or gastrointestinal function, and cause 
constipation to develop and worsen as the disease progresses[27]. Besides, constipation 
in patients having taken levodopa and dopamine agonists may be related to the 
stimulation of peripheral dopamine receptors by the drug[28]. The occurrence of motor 
complications is closely related to the duration of the disease and the treatment effect 
of levodopa. With the prolongation of the course of disease, the progression of the 
disease, and the dosage of the drug treatment, the adverse drug reactions may increase 
further. Constipation is a common adverse reaction of many PD drugs, especially 
anticholinergics and dopamine agonists[29]. Our study showed that only NMS score is 
an independent risk factor for constipation by multivariate regression analysis, while 
medications are not an independent factor. Therefore, constipation is assumed to be an 
inherent symptom of PD rather than other risk factors.

Constipation in PD patients is widespread throughout the whole course of disease, 
even before motor symptoms. Thus, it is important to explore the possibility of 
constipation as a clinical prodromal biomarker for PD. It still needs further 
investigation on the mechanisms of clinical features and the treatments[30]. The study of 
gastrointestinal function can deepen the understanding of gut-origin theory of PD.

The current study has some limitations that should be pointed out. First, this is an 
observational, descriptive, survey study and our sample size is relatively modest. 
Moreover, the research subjects mainly from outpatients may lead to selective bias of 
the global PD population. Second, depression, anxiety, and cognition are only 
suggestibility of state due to the rating scale but not a formal clinical diagnosis. Finally, 
some variables such as adverse lifestyle and food habits of participants are not taken 
into account. Follow-up study about constipation in larger PD cohorts would provide 
accurate specific scales for different variables and a more comprehensive overview.

CONCLUSION
Our findings confirm that constipation has a relatively high frequency in patients with 
PD. PD patients with constipation have a higher incidence of depression, which leads 
to worse quality of life.

ARTICLE HIGHLIGHTS
Research background
Parkinson's disease (PD) is a neurodegenerative disorder and causes motor symptoms 
including resting tremor, akinesia, and rigidity. Recently, the focus of clinical research 
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on PD is shifting to non-motor symptoms (NMS). Among all NMS, constipation is 
particularly common, but the reason why PD patients are prone to constipation is still 
unclear. In addition to physical weakness and other factors, lifestyles and eating habits 
are important factors as well. The prevalence and influencing factors of constipation 
may vary among different populations.

Research motivation
At present, the mechanisms and risk factors underlying constipation in patients with 
PD are still uncertain. Although the prevalence of constipation in Chinese patients 
with PD has been reported before, it may vary among different populations due to the 
different lifestyles and eating habits. Therefore, we need to understand the prevalence 
and influencing factors of constipation in the PD population in northwest China.

Research objectives
To investigate the prevalence and risk factors of constipation in a cohort study of 
Chinese patients with PD.

Research methods
Based on accepted diagnostic criteria and a series of clinic rating scales, which 
contained modified Hoehn-Yahr stage, Unified PD Rating Scale (UPDRS) III, non-
motor symptoms assessment scale (NMSS), Hamilton depression scale (HAMD), 
Hamilton anxiety scale (HAMA), Parkinson’s disease Questionnaire-39 (PDQ-39), 
Montreal cognitive assessment, etc. The incidence and related factors of constipation 
was identified based on a retrospective survey. All subjects were recruited from March 
to November 2018 at the Department of Neurology of the First Affiliated Hospital of 
Xi'an Jiaotong University. In the following statistical analyses, t-test, spearman 
correlation, nonparametric test, one-way ANOVA, and unconditional logistic 
regression analysis were used.

Research results
In this study, 52.41% of patients were accompanied with constipation, and 34.48% had 
constipation occurring 6.30 ± 5.06 years before the onset of motor symptoms. The age 
of patients, disease duration, Hoehn-Yahr stage, duration of levodopa treatment, 
incidence of motor complications, scores of UPDRS total and UPDRS III, NMSS, 
HAMD, HAMA, and PDQ-39 in the constipation group were significantly higher than 
those in the non-constipation group (P < 0.05). Compared to the non-constipation 
group, there was a higher incidence of depression in patients with constipation 
(46.84% vs 64.37%, P < 0.05). The logistic regression analysis demonstrated that only 
NMSS score was an independent risk factor for constipation (P < 0.001).

Research conclusions
Our findings confirm that constipation has a relatively high frequency in patients with 
PD. PD patients with constipation have a higher incidence of depression, which leads 
to worse quality of life.

Research perspectives
Constipation is a common symptom in PD patients and reduces their quality of life. It 
should attract more attention in the future studies.
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