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Abstract 
The aim of the present study was to investigate the efficacy of the actual con-
suming n-3 PUFA for remission-maintenance in IBD patients. A question-
naire on the dietary habits of patients one month before hospitalization (Q1) 
was completed by 24 patients with IBD (10 ulcerative colitis (UC) subjects and 
14 Crohn’s disease (CD) subjects) treated at our hospital. We educated the 
study subjects about an n-3 PUFA diet, and a follow-up survey (Q2) was 
conducted 6 to 12 months after discharge. Disease activity was evaluated using 
the International Organization for the Study of Inflammatory Bowel Disease 
(IOIBD) score and/or the Crohn’s Disease Activity Index (CDAI) score for 
CD and the partial UCDAI score without endoscopic evaluation for UC. Q1 
showed that the average n-3 and n-6 PUFA intakes were 1673 ± 1651 mg and 
9146 ± 5217 mg, respectively, and the average n-3/n-6 ratio was 0.27 ± 0.31. In 
Q2, the intake of n-3 PUFA was significantly higher (3671 ± 1684 mg, p < 
0.001), whereas the n-6 PUFA intake decreased significantly (5217 ± 1973 mg, 
p < 0.001) compared to those in Q1. As a consequence, the dietary n-3/ n-6 
ratio was significantly increased (0.87 ± 0.60, p < 0.001). Maintenance of the 
remission rate was significantly higher in IBD patients who complied with the 
n-3 diet, and these patients maintained a dietary n-3/n-6 ratio of 0.432 or 
higher (17 of 23 cases; 70.8%, p < 0.03) compared to that observed for IBD 
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patients who did not comply with the diet. These results emphasize the im-
portance of adjusting dietary PUFA and suggest that the n-3 diet may be ef-
fective in maintaining the remission of IBD. 
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1. Introduction 

In Japan, the intake of milk, animal meat, and vegetable oil began to increase 
from the 1960s onward, whereas the intake of fish products and cereals has de-
creased since the 1990s. As a result, the Western diet has become more main-
stream among the current Japanese population, particularly young people [1] 
[2], despite traditional Japanese cuisine being added to the UNESCO List of In-
tangible Cultural Heritage in 2013. With this sudden change in dietary habits, 
the incidence of inflammatory bowel disease (IBD) [3] has rapidly increased in 
Japan. Consequently, the number of patients with IBD in Japan has been in-
creasing since the 1980s, and an excess of 200,000 patients (ulcerative colitis, 
UC: approximately 160,000 patients; Crohn’s disease, CD: approximately 40,000 
patients) currently suffer from the condition. The role of excessive intake of fat 
in the Western diet is emphasized in IBD, particularly the excessive consump-
tion of n-6 polyunsaturated fatty acids (PUFA), including linoleic acid (LA), an 
essential fatty acid contained in large amounts in vegetable oil. These n-6 PUFA 
increase the release of arachidonic acid (AA)-derived inflammatory mediators 
such as prostaglandin E2 (PGE2) and leukotriene B4 (LTB4), which exacerbate 
IBD. 

With respect to n-3 PUFA, alpha-linolenic acid (ALA) is metabolized to eico-
sapentaenoic acid (EPA) and docosahexaenoic acid (DHA). N-3 PUFA are es-
sential fatty acids present in large amounts in perilla oil and fish oils and inhibit 
the metabolism of n-6 PUFA by competitively antagonizing metabolic enzymes, 
such as delta 6- and delta 5-desaturases, cyclooxygenase (COX) and 5 lipoxyge-
nase (LOX), thereby producing anti-inflammatory actions by inhibiting the 
synthesis of AA-derived inflammatory mediators and thromboxane A2 (TXA2). 
Therefore, it is thought that the regulation of the n-3/n-6 ratio with a therapeutic 
diet may be important for reducing disease activity in patients with IBD. We 
previously reported that the n-3/n-6 ratio of vital cell membrane phospholipids 
influenced the disease activities in IBD patients receiving dietary therapy that 
aimed to reduce the intake of n-6 PUFA and increase that of n-3 PUFA [4], i.e., 
the n-3 diet. However, the influence of the actual intake of PUFA and the dietary 
n-3/n-6 ratio on disease activity remains to be clarified. Therefore, we conducted 
a survey on the efficacy of and adherence to the n-3 diet. 
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2. Material and Methods 
2.1. Subjects 

The participants were IBD patients who received treatment to induce remission 
at our hospital. Among the IBD patients who received hospitalization at the Jikei 
University Kashiwa Hospital between September 2010 and June 2012, 24 IBD 
patients who agreed with sufficient informed consent were taken as participants. 
The participants included 10 UC patients and 14 CD patients, and the mean age 
was 36.8 ± 14.4 years. Remission induction therapies are shown in Table 1. 

2.2. The n-3 Diet Using an “n-3 PUFA Food Exchange Table [4]” 

The n-3 diet therapy regimen was developed at our hospital to control the dieta-
ry n-3/n-6 ratio, which has been previously reported [4]. According to a national 
nutritional survey in Japan, the mean n-6 and n-3 PUFA intakes were 10.5 ± 5.5 
and 2.7 ± 1.8 g/day, respectively, i.e., the n-6/n-3 ratio was approximately 4 [5]. 
In this regimen, to achieve an n-3/n-6 ratio of approximately 1, n-6 PUFA intake 
was restricted to 50% of the mean intake, and n-3 PUFA intake was increased 
2-fold compared with the mean. To target a daily n-6 PUFA intake of approx-
imately 5.5 g, the patients were prohibited from consuming the main sources of 
dietary n-6 PUFA, i.e., vegetable oil, seasonings such as margarine, certain salad 
dressings and mayonnaise, as well as fried foods and snacks. Furthermore, the 
target for n-3 PUFA ingestion was set at a total of 5100 mg (3 units) per day. 
Approximately 3400 mg (2 units) of ALA were ingested from approximately 7 
ml/day of perilla oil in addition to a daily intake of approximately 1700 mg (1 
unit) from fish oil, i.e., EPA and DHA. The patients were able to confirm the n-3 
PUFA contents of each fish using an “n-3 PUFA food exchange table” (Table 2). 

2.3. Questionnaire on Adherence to the Therapeutic Diet 

It is not possible conduct a detailed investigation of the intake of specific oils 
such as perilla oil from existing questionnaires, such as the self-administered diet 
history questionnaire, i.e., DHQ [6]. In the present study, we developed an 
 
Table 1. Remission induction therapies. 

 
UC CD 

 
n = 10 n = 14 

Gender (M, F) M6, F4 M11, F3 

Age 43.8 ± 16.0 31.9 ± 11.1 

5-ASA 10 13 

Corticosteroids 5 1 

Calcineurin inhibitors 4 0 

Infliximab/Adalimumab 0 10 

Thiopurines 6 3 
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Table 2. A partial extract from the “n-3 PUFA food exchange table” (1700 mg n-3 po-
lyunsaturated fatty acids (n-3 PUFA) equals 1 unit). 

FOOD Quantity g/1 unit 

Chum salmon, raw 1 slice, large 210 

Coho salmon, raw 1/3 slice, large 70 

Chum salmon, canned in brine 1.5 cans, small 130 

Common Japanese conger eel, raw 1 slice, small 120 

Horse mackerel, raw 3, large 210 

Horse mackerel, salted and semi-dried, split 1.5, large 110 

Ayu sweet fish, cultured, raw 6, medium 220 

Anglerfish (liver) 1 slice 25 

Three-line grunt, raw 1, small 120 

Sardines (Japanese pilchard), raw 1.5, medium 60 

Sardines (Japanese pilchard), salted and semi-dried: Maruboshi 2, medium 130 

Sardines (Japanese pilchard), salted and dried: Mezashi 2.5, medium 60 

Sardines (Japanese pilchard), boiled and semidried whitebait 6 cups 410 

Sardines (Japanese pilchard), boiled and canned with brining 1/3 can 60 

Japanese eel, Kabayaki 1/2 skewer, large 60 

Striped marlin, raw, red meat 29 slices, large 4500 

Striped marlin, raw, fatty meat 1.5 slices, large 230 

Skipjack, raw, caught in spring 16 slices, large 1500 

Barracuda, raw 1, large 120 

Amberjack, raw 2 slice, medium 160 

Brown sole, raw 5 slices, large 720 

Sablefish, raw 1 slice, large 160 

Alfonsino, raw 1 slice, large 130 

Mackerel, raw 1.5 slices, medium 110 

Mackerel, salted and semi-dried: Hirakiboshi 1/2 slice, medium 25 

Mackerel, canned in brine 1/2 can 60 

Spanish mackerel, raw 1 slice, large 110 

Pacific saury, raw 1/2, medium 50 

Pacific saury, salted and semi-dried: Hirakiboshi 1/2, medium 50 

Shishamo, raw 6, medium 120 

Japanese sea perch, raw 2.5 slices, large 200 

Red sea bream, cultured, raw 1 slice, medium 90 

Pacific cod, raw 22 slices, large 2500 

Tarako, raw 3.5 150 
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original questionnaire to investigate the intake of n-3 PUFA and n-6 PUFA 
(Figure 1). The average value of representative products was adopted to  
 

 
Figure 1. The questionnaire used to investigate the intake of n-3 and n-6 PUFA. An 
original questionnaire was developed to investigate the intake of PUFA in specific oils 
such as perilla oil. 

ID  

□　 4  o r m o re tim es/d ay □　 4  o r m o re tim es/d ay

□　 ３  tim es/d a y □　 ３  tim es/d a y

□　 Tw ice/d a y □　 Tw ice/d a y

□　 On ce/d a y □　 On ce/d a y

□　 Do n ot ea t □　 Do n ot ea t

Freq u en cy In ta ke Freq u en cy In ta ke

□　 M ore th a n  on ce a  d a y □　 M ore th a n  7 m l □　 M ore th a n  on ce a  d a y □　 M ore th a n  2  serv in g s

□ On ce a  d ay □　 2 .6 m l □ On ce a  d ay □　 1  serv in g

□　 4 ～6  tim es/w eek □　 3 .5 m l □　 4 ～6  tim es/w eek □　 1 /2  serv in g

□　 2 ～3  tim es/w eek □　 1 .8 m l □　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t

□　 Less o r on ce/w eek □　 Less □　 Less o r on ce/w eek □　 Less

Freq u en cy In ta ke Freq u en cy In ta ke

□　 M ore th a n  on ce a  d a y □　 M ore th a n  2  serv in g s □　 M ore th a n  on ce a  d a y □　 M ore th a n  2  serv in g s

□ On ce a  d ay □　 1  serv in g □ On ce a  d ay □　 1  serv in g

□　 4 ～6  tim es/w eek □　 1 /2  serv in g □　 4 ～6  tim es/w eek □　 1 /2  serv in g

□　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t □　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t

□　 Less o r on ce/w eek □　 Less □　 Less o r on ce/w eek □　 Less

Freq u en cy In ta ke Freq u en cy In ta ke

□　 M ore th a n  on ce a  d a y □　 M ore th a n  2  serv in g s □　 M ore th a n  on ce a  d a y □　 M ore th a n  2  serv in g s

□ On ce a  d ay □　 1  serv in g □ On ce a  d ay □　 1  serv in g

□　 4 ～6  tim es/w eek □　 1 /2  serv in g □　 4 ～6  tim es/w eek □　 1 /2  serv in g

□　 2 ～3  tim es/w eek □　 1 /4  serv in g □　 2 ～3  tim es/w eek □　 1 /4  serv in g

□　 Less o r on ce/w eek □　 Less □　 Less o r on ce/w eek □　 Less

Freq u en cy In ta ke Freq u en cy In ta ke

□　 M ore th a n  on ce a  d a y □　 M ore th a n  th ree □　 M ore th a n  on ce a  d a y □　 M ore th a n  3  cu p s

□ On ce a  d ay □　 Tw o □ On ce a  d ay □　 2  cu p s

□　 4 ～6  tim es/w eek □　 On e □　 4 ～6  tim es/w eek □　 1  cu p

□　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t □　 2 ～3  tim es/w eek □　 1 /2  cu p

□　 Less o r on ce/w eek □　 Less □　 Less o r on ce/w eek □　 Less

Freq u en cy In ta ke Freq u en cy In ta ke

□　 M ore th a n  on ce a  d a y □　 2  pa cks o f  n a tto  a nd  1  p a ck o f  to f u □　 M ore th a n  on ce a  d a y □　 M ore th a n  3 0 g

□ On ce a  d ay □　 1  p ack  of n a tto an d  a  1 /2  p ack  of tofu □ On ce a  d ay □　 1 5 g

□　 4 ～6  tim es/w eek □　 A 1 /2  p a ck o f  n a tto  a n d  a  1 /4  p a ck o f  to f u □　 4 ～6  tim es/w eek □　 8 g

□　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t □　 2 ～3  tim es/w eek □　 4 g

□　 Less o r on ce/w eek □　 Less □　 Less o r on ce/w eek □　 Less th a n

Freq u en cy In ta ke Freq u en cy In ta ke

□　 M ore th a n  on ce a  d a y □　 M ore th a n  2  d ish es □　 M ore th a n  on ce a  d a y □　 M ore th a n  2  d ish es

□ On ce a  d ay □　 1  d ish □ On ce a  d ay □　 1  d ish

□　 4 ～6  tim es/w eek □　 a  1 /2  d ish □　 4 ～6  tim es/w eek □　 a  1 /2  d ish

□　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t □　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t

□　 Less o r on ce/w eek □　 Less □　 Less o r on ce/w eek □　 Less

Freq u en cy In ta ke Freq u en cy In ta ke

□　 M ore th a n  on ce a  d a y □　 M ore th a n  2  serv in g s □　 M ore th a n  on ce a  d a y □　 M ore th a n  2  serv in g s

□ On ce a  d ay □　 1  serv in g □ On ce a  d ay □　 1  serv in g

□　 4 ～6  tim es/w eek □　 1 /2  serv in g □　 4 ～6  tim es/w eek □　 1 /2  serv in g

□　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t □　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t

□　 Less o r on ce/w eek □　 Less □　 Less o r on ce/w eek □　 Less

Freq u en cy In ta ke Freq u en cy In ta ke

□　 M ore th a n  on ce a  d a y □　 M ore th a n  1  b a g □　 M ore th a n  on ce a  d a y □　 M ore th a n  tw o  p ieces

□ On ce a  d ay □　 a １ /2  b a g □ On ce a  d ay □　 On e p iece

□　 4 ～6  tim es/w eek □　 a  1 /4  b a g □　 4 ～6  tim es/w eek □　 a  1 /2  p iece

□　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t □　 2 ～3  tim es/w eek □　 Sm a ll a m ou n t

□　 Less o r on ce/w eek □　 Less □　 Less o r on ce/w eek □　 Less

T h a n k  yo u  f o r yo u r c o o p e ra t io n !! 

F ried  food  （ Usin g  o liv e o il） F ried  food  (Not u sin g  o liv e o il）

Fa st food Ra m en  (In clu d in g  in sta n t food s)

Sn a cks su ch  a s p ota to  ch ip s Ca ke

F ish  (in clu d in g  la rg e am ou n ts of  f ish  o il) F ish  (in clu d in g  sm a ll am ou n ts of  f ish  o il)

Eg g s M ilk  a n d  Yog u rt

Soy p rod u cts M a yon n a ise a n d  D ressin g s

Perilla  (Eg im a ) o il Ch icken  (in c lu d in g  ch icken  p rod u cts)

Beef  (in clu d in g  b eef  p rod u cts) Pork (in clu d in g  p ork p rod u cts)

Nu m b er o f  m ea ls Nu m b er o f  lig h t sn a cks

Plea se p ro v id e a n sw ers fo r you r in ta ke freq u en cy in  1  m on th .

D a te         .       .

 D ie ta ry h a b its  su rv ey o f  IB D

T h is  su rv ey co n ta in s q u estio n s reg a rd in g  yo u r  d ie ta ry h a b its .
P lea se  p ro v id e  a n sw ers reg a rd in g  yo u r  d ie t in  th e  p a st m o n th .

Plea se ch oose th e m ost a ccu ra te a n sw er.

CD  ・ UC
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represent the fatty acid content in each food. We evaluated the approximate 
amount and intake frequency of those PUFA in each food, and we calculated the 
dietary n-3/n-6 ratio with these results. 

A questionnaire regarding dietary habits one month prior to hospitalization 
(Q1) was completed by IBD patients treated at our hospital. We educated the 
study subjects on the n-3 diet, and a follow-up survey on the dietary habits (Q2) 
was conducted at 6 to 12 months after discharge (Figure 2). 

2.4. The Evaluation of Disease Activity 

Disease activity was evaluated using the International Organization for the study 
of Inflammatory Bowel Disease (IOIBD) score [7] and the Crohn’s Disease Ac-
tivity Index (CDAI) score [8] for CD or the partial UCDAI score [9] without 
endoscopic evaluation for UC. Using the UCDAI score, for UC, remission was 
defined as 0 - 1 points, and relapse was defined as 2 or more points. For CD, re-
mission was defined as 0 - 1 points using the IOIBD score and less than 150 
points using the CDAI score, whereas relapse was defined as 2 or more points 
using the IOIBD score or 150 points or higher using the CDAI score. 

2.5. Statistical Analysis 

For statistical analysis, we employed SPSS for Windows software (SPSS Japan, 
Tokyo, Japan). The changes in the dietary intake of PUFA were evaluated using 
a paired t-test. For comparisons between other non-paired independent groups, 
we employed the Student’s t-test, Mann-Whitney U-test, or the chi-square test. 
 

 
Figure 2. Study flowchart. A questionnaire regarding dietary habits one month prior to 
hospitalization (Q1) was completed by IBD patients treated at our hospital, and we edu-
cated the study subjects on the n-3 diet. At 6 to 12 months after discharge, a follow-up 
survey on the dietary habits (Q2) was conducted, and disease activity was evaluated using 
the IOIBD score and CDAI for CD or partial UCDAI score without endoscopic evalua-
tion for UC. 

Hospitalization

Inducing remission

Education of the n-3 diet
and 

Q1; a questionnaire about the dietary habits
of one month before hospitalization

A follow-up survey on disease activity 
by IOIBD score for CD or partial UCDAI score for UC

and
Q2; a questionnaire about the recent dietary habits

Discharge

6 to 12 months later
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Cumulative remission maintenance rate was evaluated using a log-rank test. All 
p-values less than 0.05 were considered significant. 

2.6. Ethics 

These experiments were approved by the Ethics Committee of the Jikei Univer-
sity School of Medicine (No. 6309). 

3. Results 
3.1. Results of Questionnaire 

At Q1, the average intakes of n-3 PUFA and n-6 PUFA were 1673 ± 1,651 mg 
(95% CI: 975.4 to 2370.0) and 9146 ± 5217 mg (95% CI: 7293.7 to 10998.0), re-
spectively, and the average n-3/n-6 ratio was 0.27 ± 0.31 (95% CI: 0.14 to 0.40). 
The intake of n-3 PUFA in Q2 increased significantly (3671 ± 1684 mg, 95% CI: 
2959.8 to 4382.3, p < 0.001) over that in Q1, whereas the n-6 PUFA intake in Q2 
decreased significantly (5217 ± 1973 mg, 95% CI: 4383.5 to 6049.7, p < 0.001) 
compared with Q1 (Figure 3). Consequently, the dietary n-3/n-6 ratio was sig-
nificantly increased (0.87 ± 0.60, 95% CI: 0.61 to 1.12, p < 0.001) after receiving 
education about the n-3 diet (Figure 4). 

3.2. Disease Activity and Dietary Fatty Acids 

Regarding disease activity, 16 of 24 cases (66.7%) maintained remission at Q2, 
and the average n-3 PUFA intake and n-3/n-6 ratio tended to be lower in re-
lapsed patients compared to patients in remission (2,787.7 ± 1,883.8 mg vs. 
4112.7 ± 1438.7 mg; p = 0.068, 0.65 ± 0.56 vs. 0.98 ± 0.60; p = 0.22, respectively), 
whereas there was no difference in the intake of n-6 PUFA in both groups (5387 
± 2070 mg vs. 5131 ± 1986 mg; p = 0.77) (Figure 5 and Figure 6). 
 

 
Figure 3. Changes in the intake of PUFAs. The intake of n-3 PUFA in Q2 was increased 
significantly (3671 ± 1684 mg, 95% CI: 2959.8 to 4382.3, p < 0.001) over that in Q1, whe-
reas n-6 PUFA intake in Q2 was decreased significantly (5217 ± 1973 mg, 95% CI: 4383.5 
to 6049.7, p < 0.001) versus that in Q1. 

Changes in the intake of PUFAs

0
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000

Q1           Q2

p＜0.001㎎

0

5,000

10,000

15,000

20,000

25,000
p＜0.001㎎

N=24
paired t-test

Q1           Q2

n-3 PUFA n-6 PUFA
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Figure 4. Changes in the ratio of n-3/n-6. The dietary n-3/n-6 ratio was significantly in-
creased (0.87 ± 0.60, 95% CI: 0.61 to 1.12, p < 0.001) as a result of the n-3 dietary educa-
tion. 
 

 

Figure 5. Comparison of the n-3/n-6 ratio between patients with remission maintenance 
and those with relapse. At Q2, the n-3/n-6 ratio tended to be lower in relapsed patients 
than that in patients in remission (0.65 ± 0.56 vs. 0.98 ± 0.60; p = 0.22, respectively). 

3.3. Optimal Dietary n-3/n-6 Ratio for Remission Maintenance of 
IBD 

Receiver operating characteristic (ROC) curve analysis was performed to assess 
the intake of n-3 PUFA for the prediction of remission maintenance in Q2. As a 
result, at 3832.8 mg of n-3 PUFA, the area under the ROC curve (AUC) was 
0.719, and the sensitivity and specificity were 68.8% and 75.0%, respectively. 
Thirteen of the 24 participants (54.2%) adhered to the intake of n-3 PUFA, i.e.,  

Changes in the ratio of n-3/n-6
p＜0.001

N=24

0.00 

0.50 

1.00 

1.50 

2.00 

2.50 

Q1                 Q2 paired t-test
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Figure 6. Comparison of the intake of n-3 PUFA and n-6 PUFA. At Q2, the average n-3 
PUFA intake tended to be lower in relapsed patients than that in patients in remission 
(2787.7 ± 1883.8 mg vs. 4112.7 ± 1438.7 mg; p = 0.068, respectively), whereas that of n-6 
PUFA did not differ between groups (5387 ± 2070 mg vs. 5131 ± 1986 mg; p = 0.77). 
 
3833 mg or higher per day, and 11 of these 13 cases (84.6%) were able to main-
tain remission, whereas only 5 of the other 11 participants (45.5%) with n-3 
PUFA intake less than 3833 mg were able to maintain remission, although this 
difference was not statistically significant (p = 0.055). Similarly, ROC curve 
analysis was performed to assess the dietary n-3/n-6 ratio for the prediction of 
remission maintenance in Q2. The AUC was 0.680, and the sensitivity and speci-
ficity were 87.5% and 62.5%, respectively, at an n-3/n-6 ratio of 0.432. The re-
mission maintenance rate was significantly higher in IBD patients who complied 
with the n-3 diet and maintained a dietary n-3/n-6 ratio of 0.432 or higher (17 of 
23 cases; 70.8%, p < 0.03) (Figure 7) compared to those who were not in com-
pliance. The cumulative relapse-free survival was higher in patients who main-
tained n-3/n-6 ratio of 0.432 or higher (Log-rank test, p = 0.011) (Figure 8). 

4. Discussion 

In Japan, the consumption of a Western diet is considered an etiological envi-
ronmental factor related to the recent increase in the incidence of IBD [3]. In 
particular, the role of excessive fat intake has been emphasized in this disease. In 
the EPIC study of IBD, Tjonneland et al. [10] reported that a large intake of LA 
and n-6 PUFA was associated with an increased risk of UC. Excessive consump-
tion of the n-6 PUFA contained in vegetable oils may increase the release of in-
flammatory mediators such as PGE2 and LTB4, which can exacerbate various 
allergic diseases as well as IBD. In our previous report, we showed that the activ-
ity of delta 6 desaturase, which metabolizes LA to gamma linolenic acid, was sig-
nificantly higher in CD patients than that in healthy subjects. In addition, the 
percentage weight of AA in vital cell membranes was significantly higher in pa-
tients with CD than in healthy subjects and in patients with UC [11]. Therefore, 
LA may be efficiently metabolized to AA in patients with CD. Other previous 
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Figure 7. The n-3/n-6 ratio and remission maintenance rate. The remission maintenance 
rate was significantly higher in IBD patients who complied with the n-3 diet and main-
tained a dietary n-3/n-6 ratio of 0.432 or higher (17 of 23 cases; 70.8%, p < 0.03) com-
pared to those who were not in compliance. 
 

 
Figure 8. Kaplan-Meier curves for patients remaining in clinical remission. The cumula-
tive relapse-free survival was significantly higher in patients who maintained n-3/n-6 ra-
tio of 0.432 or higher (Log-rank test, p = 0.011). 
 
studies have confirmed an increase in LTB4 production in the intestinal mucosa 
of patients with UC and CD [12]. On the other hand, n-3 PUFA may inhibit the 
production of inflammatory mediators by antagonizing the metabolism of LA, 
thereby causing immunosuppressive effects [13] [14] [15]. Therefore, it is desir-
able to reduce the percentage weights of AA in vital cell membranes to control 
the disease activity of IBD through the proactive consumption of n-3 PUFA. 
Belluzzi et al. [16] reported that fish oil incorporated into phospholipids and re-
duced the percentage weights of AA both in plasma and in the membranes of 
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red blood cells. Furthermore, Lands et al. [17] reported that the restricted intake 
of LA and a high consumption of n-3 PUFA efficiently decreased the percentage 
weights of AA and DGLA in phospholipids. Thus, as dietary therapy, both intake 
restriction of n-6 PUFA and proactive ingestion of n-3 PUFA may be desirable 
to reduce the disease activity of IBD. In our previous report, we showed that di-
etary fatty acid content reflected the fatty acid composition of the cellular mem-
branes and that the n-3 diet significantly increased the n-3/n-6 ratio of the cell 
membranes of erythrocytes and was effective at maintaining IBD remission [4]. 
Similarly, another previous report revealed that a novel enteric-coated fish oil 
preparation was effective at reducing the rate of relapse in patients with CD in 
remission [18]. Currently, Scaioli E [19], et al. reported that highly purified EPA 
capsules reduced fecal calprotectin levels and prevents clinical relapse in UC pa-
tients. Thus, these previous reports suggest that dietary fatty acid intake is 
strongly linked with the disease activity characteristics of IBD and that adjust-
ment of dietary PUFA is important. However, whether IBD patients could ad-
here to the n-3 diet regimen remained unclear, and the relationship between the 
actual PUFA intake and the remission maintenance rate of IBD was not re-
ported. Therefore, in the present study, we conducted a questionnaire on patient 
adherence to the n-3 diet therapy using an original questionnaire and evaluated 
the efficacy of the therapeutic diet for the maintenance of remission in IBD pa-
tients. 

We found that the mean intakes of n-6 PUFA and n-3 PUFA were 9146 ± 
5217 and 1673 ± 1651 mg/day before hospitalization, respectively. Compared 
with the results of the national survey mentioned above, the mean intake of n-3 
PUFA before hospitalization was significantly lower (one-sample t-test; p < 
0.01), while there was no significant difference for that of n-6 PUFA (one sample 
t-test; p = 0.144). After education, the mean intakes of n-6 and n-3 PUFA were 
5.22 ± 1.97 and 3.67 ± 1.68 g/day, respectively. In the n-3 diet regimen, the in-
take of n-6 PUFA was restricted to 50% of the mean intake, i.e., approximately 
5.5 g/day, and n-3 PUFA intake was increased approximately 2-fold compared to 
the mean intake found in the national survey, i.e., 5.1 g (3 units) a day. Accord-
ing to these results, adherence to the intake restriction of n-6 PUFA was suffi-
cient. Although the intake of n-3 PUFA after education was increased signifi-
cantly over the level before hospitalization (p < 0.001), it did not reach the target 
intake level. The average n-3 PUFA intake at Q2 tended to be lower in relapsed 
patients than that in patients in remission (p = 0.068). It is thought that low ad-
herence to n-3 PUFA intake affect relapse. However, the dietary n-3/n-6 ratio 
was significantly increased, and 17 of 24 participants (70.8%) achieved the 0.432 
ratio, derived by ROC curve analysis. Additionally, 14 of 17 patients (82.4%) 
who maintained a dietary n-3/n-6 ratio of 0.432 or higher maintained remission 
(p < 0.03). Interestingly, a positive correlation was found between the intake of 
n-6 PUFA before hospitalization (Q1) and the UCDAI score in Q2 in UC pa-
tients (y = 0.0006x − 3.7309, R2 = 0.485, p < 0.01, ρ = 0.798). Therefore, UC pa-
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tients with high n-6 PUFA intake before remission may relapse easily. This result 
suggests that IBD patients, especially UC patients, should refrain from the inges-
tion of n-6 PUFA on a long-term basis. Although the intake of fat has increased 
with the spread of the Western style diet in Japan, the absolute intake of n-6 
PUFA in the Japanese population may be less compared with that of Westerners, 
and for Japanese IBD patients, the acceptance of traditional Japanese cuisine 
such as marine products, including those foods rich in n-3 PUFA, may be higher 
compared to those in the diets of Westerners. In this study, all subject-patients 
were from a single nation, i.e., Japan. Therefore, the possibility that these effects 
of the n-3 diet and these results are limited to Japanese subjects cannot be ex-
cluded. Moreover, in this study, adherence to medications was not investigated, 
and a correlation between adherence to the therapeutic diet and adherence to 
medication regimens cannot be excluded and may have affected our results. 
Moreover, the number of patients in this study was small, so we must consider 
the possibility that these factors affected the results of this study. The results will 
be more convinced if the sample size is larger. In the future, we intend to enroll a 
larger number of IBD patients for further assessment with multiple regression 
analysis for the related factors. 

5. Conclusion 

These results suggest that adherence to the n-3 diet and its impact on the main-
tenance of remission may be achieved by understanding the importance of ad-
justments to dietary PUFA. 
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