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Abstract
Aim: We aimed to examine the gut permeability in patients with schizophrenia and 
its relevance to schizophrenia symptoms, medication, cognitive functions, and blood 
immune markers.
Methods: We selected 22 patients with schizophrenia (mean age: 37.9 ± 10.5 years) 
comprising 9 men and 13 women. Furthermore, we included 86 healthy controls 
(mean age: 43.5 ± 11.0 years) comprising 41 men and 45 women. All participants were 
biologically unrelated and of Japanese descent. We used the Positive and Negative 
Syndrome Scale (PANSS) and Brief Assessment of Cognition in Schizophrenia (BACS) 
to measure the severity of schizophrenia symptoms and cognitive functions, respec-
tively. The lactulose- mannitol loading test was used to measure the permeability of 
the small intestine. Furthermore, we used the lactulose to mannitol ratio (LMR) as an 
index of gut permeability. We measured the C- reactive protein and natural killer (NK) 
cell activity in the blood as highly sensitive immune markers.
Results: The patients had a significantly higher rate of “leaky gut” (defined as 
LMR ≥ 0.1) compared to the control group (22.7% vs. 5.8%, odds ratio: 4.8 [95% con-
fidence interval, 1.2- 18.3], Fisher's exact test, P = 0.03). There was no significant cor-
relation between the LMR and PANSS scores or in the daily antipsychotic dose. In 
addition, the LMR was negatively correlated with the total Z- score of the BACS and 
NK cell activity in the patients.
Conclusions: Our results suggest a higher rate of abnormally increased gut permeabil-
ity in patients with schizophrenia than in controls. Moreover, gut permeability may be 
related to the cognitive and cellular immunity function of patients with schizophrenia.
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1  |  INTRODUC TION

There is accumulating evidence on the close relationship between 
the gut and the brain (brain- gut correlation) involving the nervous, 
hormonal, and immune systems. Moreover, the gut bacteria strongly 
regulate the aforementioned association.1– 3 Several studies have ex-
amined the relationship between the gut environment and various 
neuropsychiatric diseases, such as mood disorders,4– 7 autistic spec-
trum disorders,8,9 and schizophrenia.10– 12

The intestines are equipped with numerous defense mechanisms 
because they are considered foreign entities by living organisms.13 
However, dysbiosis of the intestinal bacteria can damage the tight 
junction of the intestinal epithelial cells, thus causing a “leaky gut.” 
Furthermore, few studies have examined the possible relationship 
between schizophrenia and the intestinal environment or gut micro-
biota, focusing on gut permeability.

An early study by Wood et al14 reported on a significantly higher 
permeability of the small intestine in patients with schizophrenia 
(N = 17), compared to those with non- schizophrenic psychiatric dis-
eases (N = 15). The researchers used the cellobiose/mannitol test, 
thereby highlighting the possible role of increased gut permeability in 
the pathophysiology of the disease. In contrast, Lambert et al15 found 
no significant difference between patients (N = 24) and healthy con-
trols (N = 43), based on the 51Cr ethylenediaminetetraacetic acid 
(EDTA) test findings. Despite the difference in the methods used to 
assess gut permeability, the aforementioned results are inconsistent. 
No study has directly measured the permeability of the small intestine 
in patients with schizophrenia. However, there is indirect evidence 
based on an increase in inflammation markers in the intestinal muco-
sa.14– 17 Furthermore, the lactulose- mannitol test (LMT) is considered 
a standard laboratory test to assess gut permeability.18– 20 This can be 
attributed to the fact that both lactulose and mannitol are essentially 
harmless and are not metabolized in the human body.21,22 In contrast, 
the presence of cellobiose degrading enzymes in the human body and 
the radioactivity in the 51Cr EDTA test have decreased the use of the 
above- mentioned agents. However, no study has used the LMT to 
compare patients with schizophrenia and healthy controls.

The intestinal environment is associated with immune mark-
ers such as high sensitivity C- reactive protein (hs- CRP) and natural 
killer (NK) cell activity.23,24 Alteration of these immune markers has 
been implicated in the pathophysiology of schizophrenia.25– 27 To 
our knowledge, however, no study has been conducted to exam-
ine the relationship between gut permeability and such makers in 
schizophrenia.

We aimed to examine an alteration in the gut permeability of 
patients with schizophrenia. In addition, we investigated the rela-
tionship of gut permeability with clinical variables, such as the se-
verity of schizophrenia symptoms, medication dose, and cognitive 
function. We also examined the relationship of gut permeability with 
hs- CRP and NK cell activity.

2  |  METHODS

2.1  |  Subjects

Our study subjects included 22 patients with schizophrenia (mean 
age: 37.9 ± 10.5 years, 9 men and 13 women) and 86 healthy 
controls (mean age: 43.5 ± 11.0 years, 41 men and 45 women). 
All subjects were of Japanese descent. The participants were 
recruited at the National Center of Neurology and Psychiatry 
(NCNP) by means of advertisements at the NCNP Hospital, on 
our website, and in local free magazines. A board- certificated re-
search psychiatrist or a trained psychologist screened the partici-
pants for psychiatric disorders using the Japanese version of the 
Mini International Neuropsychiatric Interview (MINI).28,29 They 
determined consensus diagnosis according to the Diagnostic and 
Statistical Manual of Mental Disorders, 5th edition,30 MINI cri-
teria, additional unstructured interviews, and medical records (if 
available). The healthy controls had no history of contact with any 
psychiatric service. Moreover, their total score for the Center for 
Epidemiologic Studies Depression Scale was <16. Participants 
with a history of central nervous system diseases, severe head 
injury, substance abuse, or mental retardation were excluded. 
The study was performed in accordance with the tenets of the 
Declaration of Helsinki.31 We obtained written informed consent 
from every participant after providing them with a description of 
the study. Our study protocol was approved by the ethics commit-
tee of the NCNP (A2016- 019).

2.2  |  Clinical assessments

We used the Positive and Negative Syndrome Scale (PANSS) to 
evaluate the symptoms.32,33 The Brief Assessment of Cognition in 
Schizophrenia (BACS) was administered to assess their cognitive 
function. Moreover, daily doses of antipsychotics were converted to 
chlorpromazine- equivalent doses.

2.3  |  Lactulose- mannitol test

Mannitol is a small molecule absorbed through the intestinal epi-
thelial cells. In contrast, lactulose is absorbed through the tight 
junctions (ie, the gaps between the walls of adjacent epithelial 
cells). The lactulose/mannitol ratio of the absorption rates (LMR) 
is the standard for determining the gut permeability index. We 
used the LMT kit of Genova Diagnostics. Moreover, the meas-
urement was performed at this company. Detailed information 
on the LMT procedures is provided in the supplementary file. 
According to Camilleri et al,18 “leaky gut” was defined according 
to an LMR ≥ 0.1.
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2.4  |  Blood sampling

The study participants were requested to fast for at least 
12 hours, following which we collected the blood samples at 
10:00 am. The samples were treated according to the instruc-
tion of SRL, Inc. We measured hs- CRP using the latex immunity 
nephelometry method. Furthermore, the NK cell activity was 
measured with the 51Cr- release assay. All measurements were 
performed at SRL, Inc.

2.5  |  Statistical analyses

We used the chi- square test to compare the categorical variables 
between the groups. The Shapiro- Wilk test was used for an assess-
ment of the normal distribution. As the distribution of LMR deviated 
from the normal distribution, we used the Mann- Whitney U- test to 
compare the LMR of the two groups. In addition, Spearman's rank 
correlation was used to assess the correlation between the results 
of LMT and Z- converted scores of BACS or the PANSS (only for pa-
tients). All statistical tests were two- tailed, and a P- value <0.05 was 
deemed statistically significant. Statistical analyses were performed 
using the Statistical Package for the Social Sciences version 26.0 
(IBM Japan, Ltd.).

3  |  RESULTS

Table 1 summarizes the clinical characteristics of the participants. 
There was no significant difference in the distribution of sex and ed-
ucational attainment. Nonetheless, age, body mass index (BMI), and 
the rate of smoking were significantly different between the groups.

The results of LMT are shown in Figure 1. There was no signifi-
cant difference in LMR between men and women in the patients or 
controls (data are not shown). Moreover, there was no significant 
correlation between the LMR and age or BMI in either group. There 
was no significant difference in the LMR between smokers and non- 
smokers in the groups. However, the rate of “leaky gut” defined by 
an LMR ≥ 0.1 was significantly higher in the patients (n = 5, 22.7%) 
than in the controls (n = 5, 5.8%) (Fisher's exact test, P = 0.03, odds 
ratio 4.8 [95% CI 1.2- 18.3]).

There was no significant correlation between the LMR and the 
daily dose of antipsychotic medication (ρ = 0.13, P = 0.56). However, 
we observed a negative correlation between the daily dose of anti-
psychotic medication and mannitol (ρ=−0.39, P = 0.07) (Table S1).

We investigated the possible relationship of LMR with schizo-
phrenia severity, as assessed with the PANSS (total, positive, 
negative, and general scores). However, there was no significant 
correlation with any of the PANSS scores. Nonetheless, LMR was 
negatively correlated with cognitive function, as assessed by the 

TA B L E  1  Demographic and clinical characteristics of the participants

Patients (n = 22) Controls (n = 86)

PMean ± SD Range Mean ± SD Range

Age (y) 37.9 ± 10.5 23- 57 43.5 ± 11.0 20- 62 0.03*

Sex, male (%) 9 (40.9) 41 (47.7) 0.64

Body mass index (kg/m2) 24.0 ± 4.0 17.9- 37.0 21.8 ± 3.0 15.8- 30.2 0.009**

Education (y) 14.3 ± 2.1 9- 16 15.3 ± 2.3 8- 22 0.11

Smoking, yes (%) 5 (22.7) 5 (5.8) 0.03*

Age at onset (y) 21.1 ± 7.4 6- 39

Chlorpromazine- equivalent dose (mg/d)

Total 263 ± 284 0- 1050

Typical 42 ± 115 0- 450

Atypical 221 ± 228 0- 638

Drug free, n (%) 7 (31.8)

Positive and Negative Syndrome Scale

Total 55.4 ± 15.7 31- 79

Positive 13.2 ± 5.2 7- 24

Negative 14.0 ± 5.2 7- 25

General 28.2 ± 7.3 17- 42

Note: Drug- free refers to lack of psychotropic medication use.
**P < 0.01.
*P < 0.05.
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total Z- score (ρ = −0.52, P = 0.02. n = 21) (Table 2). Among the six 
subscales of the BACS, the LMR was negatively correlated with 
“Attention” (ρ = −0.37, P = 0.099, n = 21) and “Executive function” 
(ρ = −0.40, P = 0.07, n = 21) at trend level. There was no signifi-
cant correlation between the total Z- scores and daily dose of anti-
psychotics (ρ = −0.02, P = 0.93, n = 21), thus indicating our failure 
to ascribe the observed correlation between the LMR and cognitive 
function to antipsychotic medications.

We calculated Spearman's rank correlation coefficients 
of the LMR with the immune markers (hs- CRP and NK cell ac-
tivity) (Table 3). This, in turn, facilitated determination of the 

relationship between gut permeability and inflammation and im-
mune functions. LMR was negatively associated with the NK cell 
activity in patients (ρ = −0.43, P = 0.04). Nonetheless, such a 
correlation was absent in the control group. The Mann- Whitney 
U- test showed no significant difference between the groups 
for either hs- CRP or NK cell activity (Table S2). Furthermore, 
Spearman's rank correlation was used to assess the relationship 
between the blood test values and the total PANSS scores and 
antipsychotic medications. However, there was no significant 
correlation for any of the aforementioned combinations (data are 
not shown).

F I G U R E  1  Comparing the results of the lactulose- mannitol test between patients with schizophrenia and healthy controls. Rate of 
lactulose excretion (A), rate of mannitol excretion (B), and ratio of lactulose to mannitol (C). The bold horizontal bars represent the median. 
The boxes represent the interquartile range. Lactulose and mannitol values were calculated based on the percentage ratio of the amount 
excreted in urine to that of oral intake. An asterisk indicates an outlier, and the number next to that represents the value of lactulose/
mannitol ratio

TA B L E  2  Correlation between the lactulose/mannitol ratio and 
Z- scores of the Brief Assessment of Cognition in Schizophrenia

Patients
n = 21

ρ P

Composite score −0.52* 0.02

Verbal memory −0.37 0.10

Working memory −0.13 0.58

Motor speed −0.17 0.47

Verbal fluency −0.25 0.27

Attention −0.37† 0.099

Executive function −0.40† 0.07

*P < 0.05.
†P < 0.10.

TA B L E  3  Correlation between the lactulose/mannitol ratio and 
inflammatory and immune markers

Group ρ P n

Schizophrenia

C- reactive protein −0.03 0.90 22

Natural killer cell activity −0.43* 0.04 22

Control

C- reactive protein 0.06 0.61 75

Natural killer cell activity −0.05 0.66 75

Note: Eleven subjects in the control group refused to undergo blood 
tests.
*P < 0.05.
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4  |  DISCUSSION

This is the first study to compare gut permeability in patients with 
schizophrenia and healthy subjects using the LMT. We further exam-
ined the relationship of LMT with the severity of illness, medication 
dose, cognitive function, and plasma immune markers. The patients 
were more likely to have a “leaky gut” (LMR ≥ 0.1) than the healthy 
controls.

The mannitol values displayed a trend toward a negative correla-
tion with the antipsychotic doses. This, in turn, possibly indicated a 
decrease in the absorption speed in patients who consumed higher 
doses of antipsychotics. However, the LMR was not significantly cor-
related with the antipsychotic doses. Therefore, the high frequency 
of “leaky gut” in the patients could not be entirely ascribed to the 
antipsychotic medications. Moreover, there was no association be-
tween the lactulose levels and the antipsychotics.

The LMR was negatively associated with the total Z- scores of 
BACS. In addition, it showed a negative correlation with “Attention” 
and “Executive function” at a trend level. Hence, gut permeability 
might be related to cognitive decline in patients with schizophre-
nia. Moreover, a recent study reported on the recovery of cognitive 
function after the improvement of gut permeability in patients with 
cirrhosis.34 Thus, interventions to enhance gut permeability might 
improve cognitive function in patients with schizophrenia. In addi-
tion, an animal study on old, obese mice provided evidence for the 
above- mentioned possibility.35

According to previous studies, the elevation of gut permeability 
increases the CRP.36,37 However, there was no significant correlation 
between LMR and hs- CRP in the present study. Thus, these inconsis-
tent results necessitate further investigations.

The negative correlation between the LMR and NK cell activity 
was consistent with previous findings that highlighted the impact 
of chronic stress on the weakening of NK cell activity.38– 40 This can 
be attributed to the stress posed by the penetration of materials 
because of reduced intestinal barrier function. Inflammatory bowel 
diseases (IBDs) and irritable bowel syndrome are closely related to 
a “leaky gut”.41 IBDs, such as ulcerative colitis and Crohn's Disease 
show decreased NK cell activity.42 Previous studies25,26 have re-
ported on reduced NK cell activity in patients with schizophre-
nia compared to controls. However, there are also contradictory 
negative reports.43 Despite negative findings,44,45 there is some 
evidence for changes in NK cell activity in a state- dependent man-
ner.46,47 According to our results, altered gut permeability is related 
the reduced NK cell activity in schizophrenia. It is unclear why the 
significant inverse correlation between gut permeability and NK 
cell activity was observed in the patients with schizophrenia but 
not in the healthy controls. However, NK cell activity is known 
to decrease by chronic psychologic and/or physical stress, such 
as occupational stress, social conflicts, and smoking.48,49 Patients 
with schizophrenia are vulnerable to various stressors50,51 and the 
amount of chronic stress in patients with schizophrenia was likely 
to be greater than in healthy controls. For this reason, it is possible 
that the stress- inducing effect of excessive gut permeability might 

be more exaggerated in schizophrenia patients, compared with the 
controls. It is also conceivable that gut environment, including the 
gut microbiota, might be different between schizophrenia and con-
trols,52,53 which may explain the observed differential effects of gut 
permeability on NK cell activity.

The cross- sectional nature of our study precludes inference as 
to whether increased gut permeability is causal to schizophrenia. 
However, increased gut permeability leads to chronic inflammation 
in the body, and systemic inflammation, in turn, leads to neural in-
flammation, which is involved in the pathophysiology of schizophre-
nia.35,54– 56 Since NK cells play an important role in protection against 
infections and toxic substances,57 decreased NK activity may fur-
ther exaggerate the inflammation.

4.1  |  Limitations

Our study had several limitations. First, the number of patients 
with schizophrenia was relatively small (N = 22). This might have 
subjected our findings to type II errors. Second, there was a sig-
nificant, albeit small, difference in the age distribution between 
the groups. However, there was no significant correlation be-
tween age and LMR. Therefore, the observed difference in LMR 
is an unlikely consequence of the age difference. Third, most pa-
tients were under medication, which might have exerted some 
effect on the LMR. Fourth, our patients represented a relatively 
milder form of the illness (mean PANSS score of 55.4). Therefore, 
patients with severe disease might possibly have extreme altera-
tions in intestinal permeability. The aforementioned limitations 
necessitate further studies with a larger sample size including 
drug naïve patients.

5  |  CONCLUSION

In conclusion, patients with schizophrenia were shown to have a 
higher rate of abnormally increased gut permeability compared to 
their healthy counterparts. Moreover, there may be a correlation 
between gut permeability and the cognitive and cellular immunity 
function of the patients.
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