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Background: Constipation, a symptom of autonomic nervous system dysfunction affecting gastrointesti-

nal motility, is common after acute ischemic stroke. The insular cortex is associated with autonomic

symptoms, and damage to the left insula may result in constipation. We investigated the association be-

tween constipation and left-sided insular infarction in patients with acute stroke.

Methods: We retrospectively analyzed data from consecutive patients who received a diagnosis of acute

infarction in the middle cerebral artery territory between January 2015 and December 2018. Constipa-

tion was defined as bowel movements less often than three times a week or a prescription for laxatives

within 2 weeks of stroke onset. Clinical characteristics and factors associated with constipation were

evaluated.

Results: Among 892 patients (mean age, 75 [66-82] years; male, 566 [63.5%]), 301 (32.8%) had constipa-

tion. Infarction involving the insula (57.7% vs. 25.1%) and left-sided infarction (62.5% vs. 46.4%) were

more frequent in patients with constipation than in those without constipation. In multivariable analy-

sis, infarction involving the insula (adjusted odds ratio [aOR], 2.30; 95% confidence interval [CI], 1.57-

3.36; P<0.001), left-sided infarction (aOR, 1.93; 95% CI, 1.40-2.64; P<0.001), and baseline National Insti-

tutes of Health Stroke Score (aOR, 1.04; 95% CI, 1.01-1.06; P<0.001) were associated with constipation.

The incidence of constipation was highest in cases of left-sided infarction with insular involvement

(69.2%).

Conclusions: Left-sided infarction, infarction involving the insular cortex, and baseline National Insti-

tutes of Health Stroke Score were identified as independent factors associated with constipation in pa-

tients with acute stroke. (J Nippon Med Sch 2025; 92: 154―162)
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Introduction

Constipation, a common complication of acute ischemic

stroke (reported incidence, 16-52%)1―4, may worsen acute

stroke symptoms and outcomes1,5―8. Constipation is a

symptom of autonomic nervous system dysfunction af-

fecting gastrointestinal motility9. The innervation of the

gastrointestinal tract is complex, and the vagus nerve has

a central role10.

The insular cortex was found to be associated with

autonomic nervous symptoms11. In particular, stimulation

of the right insula excites the sympathetic nervous sys-

tem12. Consequently, bowel movements become impaired,

increasing the likelihood of constipation. This suggests

that damage to the left insula could lead to relative over-

activity of the right insula, which might cause excitation

of the sympathetic nervous system and result in consti-

pation. However, it is unclear whether left- or right-sided

insular lesions are more likely to cause constipation.

This study investigated whether constipation is associ-

ated with left-sided infarction, with or without involve-
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ment of the insular cortex, in patients with acute

ischemic stroke.

Materials and Methods

The data collected for this study are available from the

corresponding author upon reasonable request. This

study follows the guidelines promulgated in Strengthen-

ing the Reporting of Observational Studies in Epidemiol-

ogy.

1．Study Design and Population

We retrospectively reviewed our stroke registry for

data from consecutive patients hospitalized with a diag-

nosis of acute ischemic stroke in the middle cerebral ar-

tery territory within 7 days after stroke onset between

January 2015 and December 2018. The following exclu-

sion criteria were applied: (1) bilateral infarction and (2)

death or discharge within 7 days of hospitalization.

Patients were categorized into the constipation and

non-constipation groups, and the characteristics these

groups were compared. Patients were further divided

into left- or right-sided infarction subgroups according to

the laterality of the infarction in the middle cerebral ar-

tery territory and into insular and non-insular subgroups

according to the presence of insular involvement.

This study adhered to the tenets of the Declaration of

Helsinki and was approved by the Institutional Review

Board of Nippon Medical School (approval number: O-

2023-773). This retrospective observational study used an

opt-out method on the hospital bulletin board.

2．Imaging Criteria

All patients underwent brain magnetic resonance im-

aging or computed tomography scanning on admission.

Acute ischemic stroke was defined as a high-intensity le-

sion on diffusion-weighted images or a low-intensity le-

sion on an apparent diffusion coefficient map within 7

days after stroke onset. The insular cortex was defined as

the area bounded by the frontoparietal and temporal

lobes. Two expert neurologists (F.S. and Y.F.) confirmed

whether the infarction involved the insular cortex.

3．Definition of Constipation

Constipation was defined on the basis of the following

two criteria, as indicated in the Rome IV criteria13: (1)

bowel movements less often than three times per week

and (2) prescription for laxatives during acute hospitali-

zation within 7 days after stroke onset.

4．Data Collection

Data were obtained on age; sex; history of hyperten-

sion, dyslipidemia, diabetes, and previous stroke; smok-

ing status; presence of atrial fibrillation; vessel occlusion;

intravenous thrombolysis; mechanical thrombectomy; Na-

tional Institutes of Health Stroke Score (NIHSS); vital

signs, blood glucose and brain natriuretic peptide levels,

and electrocardiographic findings on admission; symp-

toms; modified Rankin Scale score after 3 months; and

factors affecting gastrointestinal function during hospi-

talization, including (1) history of laparotomy, (2) history

of oral laxative use before hospitalization, (3) laxative use

during hospitalization (oral and or suppository), (4) tube

feeding, and (5) pharmacotherapy use.

Tube feeding was defined as the need for tube feeding

for at least 1 day during hospitalization and was used

only in patients who were assessed as having dysphagia

on a Repetitive Saliva Swallowing Test and Modified

Water Swallowing Test. The pharmacotherapies surveyed

included antiflatulent agents, antibiotics, antiallergic

agents, antihistamines, benzodiazepines, antidepressants,

and antidiabetic agents. Vital signs recorded on admis-

sion included systolic blood pressure, diastolic blood

pressure, heart rate, and temperature. Evaluated electro-

cardiographic findings included negative T waves and

ST-T segment changes on admission, follow-up, and Hol-

ter electrocardiography.

5．Definition of Other Complications

We also examined incidences of diarrhea, heart failure,

and aspiration pneumonia, which could affect constipa-

tion. Diarrhea was defined according to the World Health

Organization’s definition as having three or more loose

stools per day14. Heart failure was assessed using the

Framingham criteria15―17. The definition of aspiration

pneumonia was based on that used in a previous study18.

6．Statistical Analysis

Continuous data are summarized as medians with

quartiles, and categorical data are expressed as frequen-

cies with percentages. Patients with missing data were

excluded. For comparisons between groups, after tests of

normality for continuous data, the t test and Mann-

Whitney U test were used when data were and were not

normally distributed, respectively. The t test was used for

categorical data. Multivariable logistic regression analysis

of variables with P-values of <0.1 in univariable analysis

was used to identify factors independently associated

with constipation, after adjusting for age and sex. Me-

chanical thrombectomy, intravenous thrombolysis, and

internal carotid artery (ICA)-M1 occlusion were excluded

because these parameters were related to a high NIHSS

and infarction involving the insular cortex. Brain natriu-

retic peptide level on admission, a negative T wave, and

ST-T change were excluded because they were related to
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Table　1　Clinical, imaging, laboratory, and electrocardiographic findings according to the presence of constipation

Findings
All No Constipation Constipation

(n=892) (n=601, 67.4%) (n=291, 32.6%) P

Age, years, median (IQR) 75 (66-82) 73 (65-81) 77 (68-83) <0.001

Male, n (%) 566 (63.5) 384 (63.9) 182 (62.5) 0.695

Vascular risk factor

Hypertension, n (%) 606 (67.9) 408 (67.9) 198 (68.0) 0.963

Dyslipidemia, n (%) 356 (39.9) 250 (41.6) 106 (36.4) 0.137

Diabetes mellitus, n (%) 214 (24.0) 140 (23.3) 74 (25.4) 0.484

Smoker, n (%) 280 (31.4) 191 (31.8) 89 (30.6) 0.719

Atrial fibrillation, n (%) 203 (22.8) 115 (19.1) 88 (30.2) <0.001

Previous history of stroke, n (%) 202 (22.6) 132 (22.0) 70 (24.1) 0.485

NIHSS score at baseline, median (IQR) 5 (2-15) 3 (1-9) 12 (4-21) <0.001

ICA-M1 occlusion, n (%) 244 (27.4) 119 (19.8) 125 (43.0) <0.001

Left-sided infarction group, n (%) 461 (51.7) 279 (46.4) 182 (62.5) <0.001

Insular group, n (%) 319 (35.8) 151 (25.1) 168 (57.7) <0.001

Mechanical thrombectomy, n (%) 248 (27.8) 113 (18.8) 135 (46.4) <0.001

Intravenous thrombolysis, n (%) 180 (20.2) 110 (18.3) 70 (24.1) 0.053

Vital signs

Systolic BP on admission, mmHg, median (IQR) 160 (140-180) 158 (140-179) 162 (140-182) 0.265

Diastolic BP on admission, mmHg, median (IQR) 88 (78-100) 89 (78-100) 87 (78-100) 0.058

Heart rate on admission, bpm/minutes, median (IQR) 80 (70-92) 80 (71-93) 78 (70-91) 0.422

Body temperature on admission, ℃ , median (IQR) 36.6 (36.3-36.9) 36.6 (36.3-36.9) 36.6 (36.3-36.9) 0.988

Laboratory findings

Blood glucose level on admission, mg/dL, median (IQR) 118 (103-143) 117 (103-140) 124 (106-149) 0.009

BNP level on admission, pg/mL, median (IQR) 75.4 (26.5-192.6) 61.7 (22.2-183.0) 97.5 (38.8-210.6) <0.001

Electrocardiographic findings

Negative T wave, n (%) 154 (17.3) 93 (15.5) 61 (21.0) 0.051

ST-T changes, n (%) 169 (18.9) 91 (15.1) 78 (26.8) <0.001

Complications

Diarrhea, n (%) 159 (17.8) 87 (14.5) 72 (24.7) <0.001

Heart failure, n (%) 91 (10.2) 38 (6.3) 53 (18.2) <0.001

Aspiration pneumonia, n (%) 156 (17.5) 64 (10.6) 92 (31.6) <0.001

Outcome

mRS at 90 days 2 (1-4) 1 (0-4) 3 (2-5) <0.001

Association with constipation

History of laparotomy, n (%) 174 (19.5) 111 (18.5) 63 (21.6) 0.272

History of oral laxative use before hospitalization, n (%) 141 (15.8) 84 (14.0) 57 (19.6) 0.040

Laxative use during hospitalization, n (%) 477 (53.5) 186 (30.9) 291 (100.0) <0.001

Oral , n (%) 434 (48.7) 170 (28.3) 264 (90.7) <0.001

Suppository, n (%) 143 (16.0) 48 (8.0) 95 (32.6) <0.001

Tube feeding, n (%) 330 (37.0) 143 (23.8) 187 (64.3) <0.001

Pharmacotherapy use

Antiflatulent agents, n (%) 140 (15.7) 75 (12.5) 65 (22.3) <0.001

Antibiotics, n (%) 261 (29.3) 121 (20.1) 140 (48.1) <0.001

Antihistamines, n (%) 12 (1.3) 7 (1.2) 5 (1.7) 0.502

Antiallergic agents, n (%) 34 (3.8) 20 (3.3) 14 (4.8) 0.308

Benzodiazepines, n (%) 94 (10.5) 66 (11.0) 28 (9.6) 0.536

Antidepressants, n (%) 20 (2.2) 11 (1.8) 9 (3.1) 0.275

Antidiabetic agents, n (%) 182 (20.4) 120 (20.0) 62 (21.3) 0.642

BNP, Brain Natriuretic Peptide; BP, Blood Pressure; ICA, Internal Carotid Artery; mRS, modified Rankin Scale; NIHSS, National 

Institutes of Health Stroke Scale.

atrial fibrillation and heart failure. The modified Rankin

Scale score at 90 days was excluded because it did not

affect constipation in the acute phase of ischemic stroke.

Laxative use during hospitalization was excluded be-

cause it was included in the criteria used for defining

constipation in the present study, and diarrhea was ex-
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Table　2　Multivariable logistic regression models for constipation

Adjusted OR 95% CI

Age 1.01 0.99-1.02

Male 1.21 0.86-1.70

Atrial fibrillation 1.02 0.70-1.50

History of oral laxative use before hospitalization 1.33 0.87-2.03

Antiflatulent agents 0.95 0.62-1.47

Antibiotics 1.42 0.90-2.23

Blood glucose level on admission 1.00 0.99-1.00

Heart failure 1.19 0.71-2.00

Aspiration pneumonia 1.56 0.95-2.57

Baseline NIHSS score 1.04 1.01-1.06

Left-sided infarction 1.93 1.40-2.64

Infarction involving insular cortex 2.30 1.57-3.36

NIHSS, National Institutes of Health Stroke Scale.

cluded because of the side effects of laxatives. Finally,

tube feeding was excluded because it was a treatment

chosen by physicians. Therefore, age, sex, history of atrial

fibrillation, baseline NIHSS, laxative use before admis-

sion, antiflatulent agent use, antibiotic use, blood glucose

level on admission, heart failure, aspiration pneumonia,

left-sided infarction, and infarction involving the insular

cortex were chosen as the explanatory variables. We cal-

culated 95% confidence intervals (CIs) and odds ratios

(ORs). To obtain baseline NIHSS for use as the cutoff

point for discriminating between patients with and with-

out constipation, we constructed receiver operating char-

acteristic (ROC) curves and calculated the area under the

ROC curve (AUC) with 95% CIs. P-values <0.05 were

considered statistically significant. All statistical analyses

were performed using IBM SPSS Statistics version 27.0

(IBM Corp., Armonk, NY, USA).

Results

1．Patient Characteristics

A total of 1,602 patients were hospitalized during the

study period. Magnetic resonance imaging was per-

formed in 1,558 (97.3%) and computed tomography scan-

ning in 44 (2.7%) patients. Of the 1,558 patients who un-

derwent magnetic resonance imaging, 975 had infarctions

in the middle cerebral artery territory. Among them, 27

patients had bilateral infarctions, 14 died within 7 days

after stroke onset, 38 were discharged within 7 days after

stroke onset, and four had missing data. Ultimately, 892

patients were included in this study. The mean age was

75 (range, 66-82) years, 566 (63.5%) patients were male,

and the mean baseline NIHSS was 5 (2-15).

2．Constipation vs. Non-Constipation Groups

Constipation was observed in 291 (32.6%) patients. Ta-

ble 1 shows the patients’ characteristics. Compared with

those in the non-constipation group, patients in the con-

stipation group were older (77 [68-83] vs. 73 [65-81]

years; P<0.001) and had higher blood glucose levels on

admission (124 [106-149] vs. 117 [103-140] mg/dL; P=

0.009) and higher baseline NIHSS (12 [4-21] vs. 3 [1-9]

points; P<0.001). Patients in the constipation group also

had a higher frequency of atrial fibrillation (30.2% vs.

19.1%; P<0.001), left-sided infarction (62.5% vs. 46.4%; P<

0.001), and infarction involving the insular cortex (57.7%

vs. 25.1%; P<0.001). Heart failure (18.2% vs. 6.3%; P<

0.001), aspiration pneumonia (31.6% vs. 10.6%; P<0.001),

history of oral laxative use before hospitalization (19.6%

vs. 14.0%; P=0.031), antiflatulent agent use (22.3% vs.

12.5%; P<0001), and antibiotic use (48.1% vs. 20.1%; P<

0.001) were more common in the constipation group than

in the non-constipation group.

In the multivariable logistic regression analysis, left-

sided infarction (adjusted OR, 1.93; 95% CI, 1.40-2.64; P<

0.001), infarction involving the insular cortex (adjusted

OR, 2.30; 95% CI, 1.57-3.36; P<0.001), and baseline NIHSS

(adjusted OR, 1.04; 95% CI, 1.01-1.06; P=0.001) were iden-

tified as factors independently associated with constipa-

tion (Table 2).

3．Subgroup Analyses

On the basis of the results of multivariable analysis,

patients were further categorized into four subgroups:

left-sided infarction with insular involvement (L+I group;

n=161, 18.0%), left-sided infarction without insular in-

volvement (L-I group; n=301, 33.7%), right-sided infarc-

tion with insular involvement (R+I group; n=158, 17.7%),

and right-sided infarction without insular involvement

(R-I group; n=272, 30.5%). Table 3 shows the characteris-

tics of these four subgroups. The incidence of constipa-
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Table　3　Clinical, imaging, laboratory, and electrocardiographic findings according to infraction laterality and insular involve-

ment

L+I group R+I group L-I group R-I group

Findings (n=161, 18.0%) (n=158, 17.7%) (n=301, 33.7%) (n=272, 30.5%) P

Age, years, median (IQR) 77 (68-84) 77 (69-83) 73 (65-81) 72 (63-80) <0.001

Male, n (%) 96 (59.6) 91 (57.6) 198 (65.8) 181 (66.5) 0.159

Vascular risk factor

Hypertension, n (%) 101 (62.7) 107 (67.7) 221 (73.4) 177 (65.1) 0.066

Dyslipidemia, n (%) 60 (37.3) 51 (32.3) 124 (41.2) 121 (44.5) 0.076

Diabetes mellitus, n (%) 31 (19.3) 24 (15.2) 81 (26.9) 78 (28.7) 0.004

Smoker, n (%) 46 (28.6) 44 (27.8) 99 (32.9) 91 (33.5) 0.500

Atrial fibrillation, n (%) 53 (32.9) 64 (40.5) 54 (17.9) 32 (11.8) <0.001

Previous history of stroke, n (%) 27 (16.8) 31 (19.6) 92 (30.6) 52 (19.1) 0.001

NIHSS score at baseline, median (IQR) 20 (11-24) 14 (6-19) 3 (1-5) 3 (1-5) <0.001

ICA-M1 occlusion, n (%) 77 (47.8) 81 (51.3) 39 (13.0) 47 (17.3) <0.001

Mechanical thrombectomy, n (%) 89 (55.3) 85 (53.8) 41 (13.6) 33 (12.1) <0.001

Intravenous thrombolysis, n (%) 51 (31.7) 46 (29.1) 39 (13.0) 44 (16.2) <0.001

Vital signs

Systolic BP on admission, mmHg, 
median (IQR)

160 (138-185) 160 (140-176) 158 (142-182) 160 (141-179) 0.767

Diastolic BP on admission, mmHg, 
median (IQR)

87 (73-100) 88 (78-98) 89 (78-100) 90 (78-103) 0.098

Heart rate on admission, bpm/min-
utes, median (IQR)

81 (70-96) 81 (70-96) 79 (70-90) 80 (71-90) 0.355

Body temperature on admission, ℃ , 
median (IQR)

36.6 (36.3-36.9) 36.6 (36.3-36.9) 36.5 (36.3-36.8) 36.6 (36.3-36.9) 0.227

Laboratory findings

Blood glucose level on admission, 
mg/dL, median (IQR)

120 (107-148) 124 (108-142) 115 (100-141) 118 (101-142) 0.048

BNP level on admission, pg/mL, me-
dian (IQR)

151.9 (66.7-301.6) 136.3 (60.6-297.9) 53.6 (21.7-142.8) 41.1 (18.2-111.3) <0.001

Electrocardiographic findings

Negative T wave, n (%) 43 (26.7) 37 (23.4) 40 (13.3) 34 (12.5) <0.001

ST-T change, n (%) 69 (42.9) 58 (36.7) 24 (8.0) 18 (6.6) <0.001

Complications

Constipation, n (%) 112 (69.6) 56 (35.4) 70 (23.3) 53 (19.5) <0.001

Diarrhea, n (%) 48 (29.8) 40 (25.3) 40 (13.3) 31 (11.4) <0.001

Heart failure, n (%) 42 (26.1) 28 (17.7) 14 (4.7) 7 (2.6) <0.001

Aspiration pneumonia, n (%) 62 (38.5) 41 (25.9) 31 (10.3) 22 (8.1) <0.001

Outcome

mRS at 90 days 4 (2-5) 4 (1-5) 2 (0-3) 1 (0-3) <0.001

Association with constipation

History of laparotomy, n (%) 33 (20.5) 34 (21.5) 58 (19.3) 49 (18.0) 0.824

History of oral laxative use before 
hospitalization, n (%)

28 (17.4) 27 (17.1) 49 (16.3) 37 (13.6) 0.673

Laxative use during hospitalization, 
n (%)

127 (78.9) 102 (64.6) 135 (44.9) 113 (41.5) <0.001

Oral, n (%) 105 (65.2) 96 (60.8) 124 (41.2) 109 (40.1) <0.001

Suppository, n (%) 53 (32.9) 29 (18.4) 36 (12.0) 25 (9.2) <0.001

Tube feeding, n (%) 134 (83.2) 123 (77.8) 42 (14.0) 31 (11.4) <0.001

Pharmacotherapy use

Antiflatulent agents, n (%) 43 (26.7) 41 (25.9) 34 (11.3) 22 (8.1) <0.001

Antibiotics, n (%) 93 (57.8) 78 (49.4) 52 (17.3) 38 (14.0) <0.001

Antihistamines, n (%) 2 (1.2) 5 (3.2) 3 (1.0) 2 (0.7) 0.172

Antiallergic agents, n (%) 6 (3.7) 10 (6.3) 10 (3.3) 8 (2.9) 0.322

Benzodiazepines, n (%) 11 (6.8) 21 (13.3) 33 (11.0) 29 (10.7) 0.298

Antidepressants, n (%) 3 (1.9) 5 (3.2) 6 (2.0) 6 (2.2) 0.848

Antidiabetic agents, n (%) 25 (15.5) 27 (17.1) 63 (20.9) 67 (24.6) 0.091

BNP, Brain Natriuretic Peptide; BP, Blood Pressure; ICA, Internal Carotid Artery; L+I, Left-sided infarction with insular involve-

ment; L-I, Left-sided infarction without insular involvement; mRS, modified Rankin Scale; NIHSS, National Institutes of Health 

Stroke Scale; R+I, Right-sided infarction with insular involvement; R-I, Right-sided infarction without insular involvement.
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Fig. 1 Incidence of constipation in the acute stage after ischemic stroke, by laterality and insular 

involvement

The incidence of constipation was 69.6%, 35.4%, 23.3%, and 19.5% in the L+I, R+I, L-I, 

and R-I subgroups, respectively. The L+I subgroup had the highest incidence of consti-

pation.

L+I, left-sided infarction with insular involvement; L-I, left-sided infarction without in-

sular involvement; R+I, right-sided infarction with insular involvement; R-I, right-sided 

infarction without insular involvement. 

tion was 69.6%, 35.4%, 23.3%, and 19.5% in the L+I, R+I,

L-I, and R-I subgroups, respectively (Fig. 1). The L+I sub-

group had the highest incidence of constipation (P<

0.001).

4．Infarction Involving the Left Insular Cortex and

Baseline NIHSS

In the multivariable analysis, baseline NIHSS was also

identified as a factor independently associated with con-

stipation. The AUC of the ROC curve for predicting con-

stipation was 0.709 (95% CI, 0.673-0.746; P<0.001). The

optimal cutoff score of the NIHSS was ≥10, with a sensi-

tivity of 58% and a specificity of 76%. The incidence of

constipation among those with an NIHSS ≥10 and ≤9

was 54.2% (168/310) and 21.1% (123/582), respectively.

Among patients with an NIHSS ≥10, the incidence of

constipation was 77.8% (98/126), 39.8% (41/103), 35.8%

(19/53), and 35.7% (10/28) in the L+I, R+I, L-I, and R-I

subgroups, respectively (P for trend <0.001) (Fig. 2A).

Among patients with an NIHSS ≤9, the incidence of con-

stipation was 40.0% (14/35), 27.3% (15/55), 20.6% (51/

248), and 17.6% (43/244) in the L+I, R+I, L-I, and R-I

subgroups, respectively (P for trend =0.010) (Fig. 2B).

The more severe the stroke ischemic symptoms, the more

frequent the constipation. However, regardless of sever-

ity, the L+I subgroup had the highest incidence of consti-

pation.

Discussion

This study identified left-sided infarction, infarction in-

volving the insular cortex, and baseline NIHSS as inde-

pendent factors associated with constipation in patients

with acute ischemic stroke. Furthermore, in a comparison

by infarction laterality and insular involvement, the left-

sided insular infarction group had the highest incidence

of constipation.

Constipation is strongly associated with intestinal mo-

tility and colonic sensorimotor dysfunction19,20. Intestinal

motility is controlled by Auerbach’s plexus, which is the

peripheral enteric plexus involving the autonomic nerves.

However, paralytic ileus can occur in patients with brain-

stem3,21 and spinal cord lesions22, suggesting that intestinal

motility is controlled not only by the peripheral plexus

but also by the central nervous system. In addition, the

gastrointestinal tract has a complex innervation with af-

ferent sensory neurons, including the vagus nerve10,

which innervates most of the gastrointestinal tract23 and

is a major component of the parasympathetic nervous

system24. Approximately 80-85% of vagus nerve fibers are

afferent and project from the visceral locus to the medial

nucleus tractus solitarius. Secondary neurons then project

from the nucleus tractus solitarius to the brainstem, hy-

pothalamus, and amygdala; projections from the brain-

stem to the cerebral cortex include the orbitofrontal cor-

tex, anterior cingulate gyrus, and insular cortex25,26. Direct
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Fig. 2 Incidence of constipation in patients with NIHSS ≥10 (A) and ≤9 (B) in the acute stage af-
ter ischemic stroke, by laterality and insular involvement.
Among patients with an NIHSS ≥10, the incidence of constipation was 77.8% (98/126), 
39.8% (41/103), 35.8% (19/53), and 35.7% (10/28) in the L+I, R+I, L-I, and R-I subgroups, 
respectively (P for trend<0.001). Among patients with an NIHSS ≤9, the incidence of con-
stipation was 40.0% (14/35), 27.3% (15/55), 20.6% (51/248), and 17.6% (43/244) in the 
L+I, R+I, L-I, and R-I subgroups, respectively (P for trend =0.010). Regardless of severity, 
the L+I subgroup had the highest incidence of constipation.
L+I, left-sided infarction with insular involvement; L-I, left-sided infarction without in-
sular involvement; R+I, right-sided infarction with insular involvement; R-I, right-sided 
infarction without insular involvement.

projections from the prefrontal and agranular insular re-

gions to the nucleus tractus solitarius have also been de-

scribed27―29. Therefore, the insular cortex might be associ-

ated with the role of the autonomic nervous system in

intestinal motility.

The role of the insular cortex in controlling autonomic

cardiovascular activity was suggested by a brain stimula-

tion study in humans12. Bradycardia and depressor re-

sponses were more frequent than tachycardia and pressor

effects after stimulation of the left insular cortex. Con-

trasting reactions were shown upon stimulation of the

right insular cortex. Therefore, the left insular cortex is

predominantly responsible for parasympathetic cardio-

vascular effects. Moreover, several studies on insular cor-

tex stroke have reported electrocardiogram abnormali-

ties30,31, new-onset atrial fibrillation30,32, and complex ar-

rhythmias33. In one such study, acute left insular stroke

increased the basal cardiac sympathetic tone34.

The autonomic nervous system is involved in constipa-

tion9. Although a previous study reported that bilateral
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lesions in the insular cortex, precentral gyrus, opercular

part of the inferior frontal gyrus, the inferior parietal lob-

ule, and right middle frontal gyrus were associated with

acute constipation in patients with acute ischemic

stroke35, it was not reported whether left- or right-sided

insular lesions were more likely to cause constipation. In

the present study, the incidence of constipation was sig-

nificantly higher in the left-sided infarction and insular

subgroups than in the other subgroups. In particular, pa-

tients with left-sided middle cerebral artery infarction in-

volving the insular cortex had the highest incidence of

constipation (69.2%). These findings suggest that the left

insular cortex is strongly associated with the autonomic

nervous system and that damage to this brain region re-

sults in constipation.

This study demonstrated an association between con-

stipation in acute ischemic stroke and baseline NIHSS. In

previous studies, higher NIHSS values were associated

with a higher incidence of constipation after stroke36. In

patients with severe stroke, parasympathetic tone de-

creased and the sympathetic nervous system was domi-

nant37―39. A shift toward sympathetic dominance might in-

hibit intestinal peristalsis and colonic motility, resulting

in constipation40,41.

This study had several limitations. First, it was a retro-

spective analysis of data obtained from a single stroke

center, which may limit the generalizability of the find-

ings. Second, the incidence of constipation may have

been incorrectly estimated. Although we defined the cri-

teria for constipation, because these criteria were applied

to patients with impaired consciousness and aphasia, we

had difficulties evaluating the subjective symptoms of

constipation, which might have resulted in underestima-

tion. In addition, laxatives were often used in patients

with a low activities of daily living score, and the inclu-

sion of laxative use in the definition of constipation

might have led to overestimation. Third, we considered

the impact of medications affecting constipation; how-

ever, information was limited on fentanyl, which is com-

monly used in emergency medicine and causes constipa-

tion. Fourth, we did not investigate the presence of pure

insular infarction, as it is rare-only 13 of 892 cases (1.5%)

were observed in the present study. Fifth, the presence of

infratentorial lesions was not examined, and other lesions

assessed in a previous study could not be investigated.

Studies of patients with pure insular infarction are re-

quired in order to define the association between insular

cortex infarction and constipation.

In conclusion, infarction involving the insular cortex,

left-sided infarction, and baseline NIHSS were independ-

ent factors associated with constipation in patients with

acute ischemic stroke. In particular, approximately 70%

of patients with left-sided infarction involving the insular

cortex had constipation. Therefore, patients with ischemic

stroke, particularly when the left insular cortex is in-

volved, should be carefully evaluated for constipation.
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