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Eicosapentaenoic Acid Improves Glycemic Control in Elderly
Bedridden Patients with Type 2 Diabetes

Susumu Ogawa,"” Takaaki Abe,** Kazuhiro Nako,' Masashi Okamura,’
Miho Senda,' Takuya Sakamoto,' Sadayoshi Ito' and the DIMS study group

'Division of Nephrology, Endocrinology and Vascular Medicine, Tohoku University Hospital, Sendai, Miyagi,
Japan

*Center for the Advancement of Higher Education, Tohoku University, Sendai, Miyagi, Japan

*Division of Medical Science, Tohoku University Graduate School of Biomedical Engineering, Sendai, Miyagi,
Japan

‘Department of Clinical Biology and Hormonal Regulation, Tohoku University Graduate School of Medicine,
Sendai, Miyagi, Japan

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are w3-polyunsaturated fatty acids mainly
contained in the blue-backed fish oil, and are effective in decreasing the lipids disorder and the
cardiovascular incidence among diabetic patients. Moreover, it has been suggested that EPA and DHA
may improve the insulin resistance and glucose metabolism. However, the clinical effects of EPA and DHA
on glucose metabolism remain unclear. We aimed to clarify the effects of EPA/DHA treatment on glycemic
control in type 2 diabetes mellitus. This study was a multicenter prospective randomized controlled trial
involving 30 elderly type 2 diabetic patients on a liquid diet. Their exercises were almost zero and the
content of their meals was strictly managed and understood well. Therefore, the difference by the
individual's life was a minimum. The subjects were divided into two groups: those receiving EPA/DHA-rich
liquid diet [EPA/DHA (+)] or liquid diet lacking EPA/DHA [EPA/DHA (-)]. Changes in factors related to
glucose and lipid metabolism were assessed after the three-month study. Serum concentrations of EPA
rose in EPA/DHA (+), although the levels of DHA and fasting C-peptide remained unchanged in EPA/DHA
(+). In addition, there was a significant decline in the fasting plasma glucose (FPG), hemoglobin A1c
(HbA1c), fasting remnant-like particles and apolipoprotein (apo) B in EPA/DHA (+), compared with the
values in EPA/DHA (-). EPA/DHA-rich diet might improve glucose metabolism in elderly type 2 diabetic
patients on a liquid diet. This phenomenon may be due to the improved insulin resistance mediated by the
rise in serum EPA concentrations.
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Introduction

Although many Americans suffer myocardial infarc-
tion, this disease is rare among Alaskan Eskimos, and
researchers discovered that eicosapentaenoic acid (EPA), a
polyunsaturated fatty acid abundant in sardines, mackerels
and other blue-backed fish, may explain this phenomenon
(Parkinson et al. 1994). EPA causes a reduction in serum
triglycerides (TGs) and it suppresses the progression of
arteriosclerosis, and as such, it is also likely to improve glu-
cose metabolism (Lopez-Huertas 2012; Ikeya et al. 2013).
Similar effects are apparently exerted by docosahexaenoic
acid (DHA) (Horrocks and Yeo 1999), and it has been sug-
gested that the combined use of DHA and EPA may pro-
duce a synergistic effect, strongly augmenting the afore-

mentioned effects of these agents alone (Calder 2012;
Lopez-Huertas 2012). However, the clinical effects of EPA
and DHA on glucose metabolism remain unclear. These
phenomena prompted us to test the effects of EPA/DHA on
the glucose metabolism of diabetic patients in a clinical set-
ting.

However, the Japanese diet usually involves the con-
sumption of more blue-backed fish than that of Europeans
or Americans. Hence, in a study administering EPA/DHA
to ordinary Japanese diabetic patients, the difference in the
amount of EPA/DHA administered to the experimental and
control groups would probably not be particularly signifi-
cant (Kusunoki et al. 2007). Indeed, as the food intake and
physical exercise may differ greatly between diabetic out-
patients, a large number of patients would be required to
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ensure that the differences in these factors do not influence
the results. By contrast, bedridden patients who receive
only a liquid diet have a controlled food intake, which
allows us to accurately specify the amount of EPA/DHA
administered and accordingly, to establish clear differences
in the serum EPA/DHA concentrations between the group
administered EPA/DHA and the controls. Moreover, there
is no need to consider differences in the amount of physical
exercise, as this is practically zero in these bedridden
patients. Thus, it was thought that by selecting bedridden
diabetic patients on liquid diet alone, a meaningful study
could be carried out with even a small number of subjects.
Therefore, we chose bedridden elderly patients with type 2
diabetes whose nutrition was obtained exclusively through
a liquid diet to participate in our study.

We administered two distinct types of liquid diets that
have the same carbohydrate content but that differ in the
lipid content (one of which was rich in EPA and DHA), and
we investigated the changes in the glycolipid metabolism
and in arteriosclerotic factors of the patients.

Patients and Methods

This was a multicenter prospective randomized controlled trial
targeting elderly type 2 diabetic patients who were exclusively fed by
enteral nutrition (liquid diet only administered via a tube). The main
objective was to assess the changes in fasting plasma glucose (FPG)
concentrations caused by a diet rich in EPA and DHA, established as
the primary endpoint. However, the effects of this diet on other
parameters were also assessed as secondary endpoints, including
changes in glycated hemoglobin Alc (HbAlc), fasting serum fatty
acid composition, total cholesterol (TC), high density lipoprotein cho-
lesterol (HDL-C), apolipoprotein-B (apo-B), apolipoprotein-A1l (apo-
Al), plasma adiponectin, tumor necrosis factor a (TNFa), monocyte
chemoattractant protein (MCP)-1, interleukin (IL)-6, urinary
8-hydroxydeoxyguanosine (8-OHdG), 2-hour and 4-hour postprandial
plasma glucose concentration, and fasting, 2-hour and 4-hour post-
prandial serum TGs, C-peptide (C-pep), and remnant-like particles
(RLPs).

All the subjects were bedridden patients that were not enrolled
on any physiotherapy or other programs. Patients whose treatment
had been changed recently before the start of the study, or those who
were likely to experience changes in their treatment regimen during
the study period, were excluded from the study. DIMS was adopted
as the liquid diet rich in EPA (25 mg/100 kcal) and DHA (17 mg/100
kcal), while CZ1.5 was adopted as the standard liquid diet that lacks
both EPA and DHA [EPA/DHA (-)]. Both DIMS and CZl1.5 are
approved liquid diets used in Japan and both of these are products
marketed by Clinico Co., Ltd (Tokyo, Japan). DIMS and CZ1.5 are
both liquid diet products that contain more or less the same amount of
carbohydrates, lipids and protein. The difference is that EPA and
DHA are present in DIMS but not in CZ1.5 (Table 1). The more
detail description of composition of fatty acids in the test meals is as
follows. In DIMS, the contents of fatty acids are caprylic acid
(10.0%), capric acid (3.5%), myristic acid (0.5%), palmitic acid
(9.5%), palmitoleic acid (0.5%), stearic acid (3.3%), oleic acid
(37.0%), linoleic acid (26.0%), a-linolenic acid (8.0%), EPA (1.0%)
and DHA (0.7%). In CZ1.5, the contents are caprylic acid (12.0%),
capric acid (9.0%), palmitic acid (4.0%), stearic acid (3.0%), oleic

Table 1. Composition of the test meals.

Liquid diet name DIMS CZ1.5
q (/100 kcal) (/100 kcal)
Volume (mL) 100 67
Protein () 4.0 4.0
Fat (2) 2.8 3.0
EPA (mg) 25 -
DHA (mg) 17 -
Carbohydrates (2) 14.3 14.0
Diet fiber (2) 2.4 1.0
Water (2 84 52

EPA, eicosapentaenoic acid; DHA, docosahexaenoic
acid.

DIMS and CZ1.5 are liquid diets that contain more or
less the same amount of carbohydrates, lipids and protein.
They differ in that DIMS contains EPA and DHA, while
CZ1.5 does not.

acid (37.0%), linoleic acid (27.0%), and a-linolenic acid (8.0%).
Thus, CZ1.5 also lacks myristic acid and palmitoleic acid. No sub-
jects in this study had been fed with either of the two diets before
they were enrolled onto the trial, and the subjects were randomly
assigned to CZ1.5 [EPA/DHA (-)] group or DIMS [EPA/DHA (+)]
group. Their diet was switched to the corresponding diet at the start
of the study. No major differences were observed in terms of the
caloric, carbohydrate, protein or lipid content of the liquid diets that
were administered during or prior to commencing the study (1,000.0
+ 211.0 kcal/day in CZ 1.5 group, 1,015.4 £231.1 kcal/day in DIMS
group).

The height and body weight of each subject was measured, and
blood samples were drawn, just before they began to receive each diet
(= baseline), as well as at the end of the 3-month study. Blood sam-
pling was performed on fasting (0 hour), as well as 2 and 4 hours
after meals.

Based on the findings of a preliminary survey, to perform a
meaningful study (with a power analysis of a = 5% and power =
80%), and with a change in FPG values between the two study groups
and the standard deviation (s.n.) hypothesized as 40 mg/dL, the num-
ber of subjects required was 15. The ratio of dropouts and other
losses was anticipated to be 30% and thus, 20 subjects per group were
required. Accordingly, a total of 40 patients were set as the optimal
sample size. Randomization was done by not minimization methods
but the usual method of using random sampling numbers.

Plasma MCP-1, IL-6 and TNFa were measured using the
MCP-1 enzyme-linked immunosorbent assay (ELISA) kit (R&D
Systems, Inc., MN, USA), the IL-6 ELISA kit (R&D Systems, Inc.,
MN, USA) and the human ultra-sensitive TNFa ELISA kit
(BioSource International, California, USA). To measure urinary
8-OHdG, the Highly Sensitive 8-OHdG Check ELISA kit (Japan
Institute for the Control of Aging, NIKKEN SEIL Co., Ltd., Fukuroi,
Japan) was used.

Blood samples were obtained before breakfast and fasting lev-
els of serum fatty acids, including EPA, DHA and arachidonic acid
(AA) were determined. In brief, plasma lipids were extracted using
the Folch procedure, and the fatty acids were then methylated with
boron trifluoride and methanol, using tricosanoic acid (C23:0) as an
internal standard. These methylated fatty acids were then analyzed
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by capillary gas chromatography [HP 6890 (Hewlett-Packard) with a
flame ionization detector and a DB-WAX 30 m x 0.32 mm ID col-
umn].

Apo-Al and apo-B measurements

A turbidimetric immunoassay (TIA), N-Assay Apo Al-H
Nittobo (Nittobo Medical Co., Ltd., Fukushima, Japan) was used to
measure apo-Al, and the N-assay TIA Apo B-H Nittobo (Nittobo
Medical Co., Ltd., Fukushima, Japan) was used to measure apo-B.

The study fully conformed to the Helsinki Declaration and it
was approved by the ethics committee of the Tohoku University
Hospital. It was also pre-registered as a randomized controlled trial
in the University hospital Medical Information Network (UMIN)
Clinical Trials Registry (UMIN000001645). Tests were only per-
formed after they had been fully explained to the subjects and/or their
families, and obtaining their informed consent.

Statistical analysis

Numerical values that showed a normal distribution are pre-
sented as the mean + standard error of the mean (SEM), and those
that did not show a normal distribution (such as IL-6 values) are pre-
sented as their median value (range). A Student’s 7-test was used to
compare the numerical data prior to and after treatment within the
same group. As logarithmic-converted values of IL-6 conformed to a
normal distribution, such data were used in the analysis instead of the
raw data concerning its analysis. The Spearman test was used to
examine the significance of the correlation coefficient and multiple
regression analysis was used to determine the independent risk factors
for the percentage changes in HbAlc and FPG. p < 0.05 was desig-
nated as the level of statistically significance.

Results

The process of registering the study subjects and allo-
cating them to the two study groups was shown in Fig. 1.
Of the 40 subjects registered, 10 dropped out as they were
unable to continue the study after the Great East Japan
Earthquake that occurred on March 11, 2011. Fifteen
patients were therefore allocated randomly to each of the
two groups. However, two subjects dropped out of each
group due to death through senility or due to major changes
in their physical condition (two suffered infection, one suf-
fered myocardial infarction, and the other suffered the
recurrence of cerebral infarction). As a result, the final
number of subjects analyzed was 13 in each group.
Cerebral infarction or cerebral hemorrhage was often cited
as the reason the subjects were switched to a liquid diet
(cerebral infarction = 8, cerebral hemorrhage = 3, pneumo-
nia = 1, fall and fractures = 4 in CZ group, and cerebral
infarction = 8, cerebral hemorrhage = 3, fall and fractures =
4, and Parkinson’s disease = 2 in DIMS group). There were
two or more causes in some patients. Concomitant hyper-
tension and/or hyperlipidemia, as well as diabetes, was
often considered to have caused these diseases (hyperten-
sion = 7, hyperlipidemia = 4, chronic renal failure = 2, and
dementia = 4 in CZ group, and hypertension = 8, hyperlip-
idemia = 3, chronic renal failure = 2, and dementia = 3 in
DIMS group). The subjects in both groups were being
administered a wide range of treatments for diabetes, and
no changes were made to their medication regimen, includ-
ing the dosages, during the study period. None of the sub-

Type 2 diabetes with liquid diet

Registration (n=40)

The study cannot be continued (n=10),

because of the Great East Japan Earthquake.

Study subjects (n=30)

randomization

|

CZ1.5 group (n=15)

Death by decrepitude (n=1).
Changes in condition (n=1).

l

DIMS group (n=15)

Death by decrepitude (n=1).
Changes in condition (n=1).

Analytical subjects

v
CZ1.5 group (n=13)

v
DIMS group (n=13)

Fig. 1. The flowchart representing the procedure for registration and allocation of the study subjects.
Of the 40 subjects registered, ten dropped out due to being unable to continue the study after the Great East Japan Earth-
quake (March 11, 2011). CZ1.5 is the EPA/DHA (—) group, DIMS group is the EPA/DHA (+) group. Fifteen subjects
were therefore allocated, to each of the two groups (DIMS group; n = 15, CZ1.5 group; n = 15). However, two subjects
dropped out of each group because of death due to old age or major changes in their physical condition (two suffered in-
fection, one suffered myocardial infarction, and one suffered a recurrence of cerebral infarction). As a result, the num-
ber of subjects analyzed was 13 in each group. Cerebral infarction and cerebral hemorrhage are often cited as the dis-

eased causing subjects to be switched to a liquid diet.
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Table 2. Values of various parameters in the CZ1.5 and DIMS groups prior to and at the end of the study.

Group Total CZ1.5 DIMS
number 26 13 13
gender (M/F) 6/20 2/11 4/9
age (years) 80.4+8.3 81.2+7.6 79.5+8.6

before after P1 before after P2
BMI  (kg/m?) 20.1 +3.6 204 +3.6 203 £3.6 0.15 19.9 £4.0 20.1+£4.0 <0.01
TP (g/dL) 72+0.7 7.0+0.7 7.1+0.7 0.20 72+0.7 7.0+04 0.13
Alb (g/dL) 35+04 33+£04 34+04 0.12 3.7+04 3.6+04 0.19
eGFR  (mL/min/1.73 m?) 83.4+£39.2 86.3 £52.2 86.7 £ 65.2 0.95 80.6 £ 19.1 72.9 + 23.4 ** 0.07
FPG (mg/dL) 119.7 £ 36.7 104.5 £24.5 123.6 £29.5 0.02  135.0 +40.0 104.5 £27.4 <0.01
C-pep (ug/mL) 1.3+1.1 1.5+£1.1 1.7+1.1 0.17 1.1£1.1 13£1.1 0.06
HbAlc (%) 69+ 1.1 6.7+1.1 7.0+£0.7 0.06 7.1+0.7 6.6 0.7 <0.01
TG (mg/dL) 132.6 + 100.1 158.1 £ 126.4 162.9 + 119.5 0.77  107.1 £51.8 119.8 + 77.4 0.64
TC (mg/dL) 172.6 + 48.6 156.8 £ 54.0 159.4 £ 34.6 0.81 188.3 +36.4 174.5 +30.2 0.06
HDL-C (mg/dL) 47.1£10.4 472 £11.5 45.0 £ 13.7 0.16 47.0+9.4 456 £9.4 0.22
FFA (mEq/L) 0.7+04 0.7+£04 0.8+04 0.26 0.7+0.4 0.7+0.4 0.80
RLP  (mg/dL) 8.6+79 8.8+9.7 8.1+6.5 0.60 83+58 6.6+58 <0.01
apo Al (mg/dL) 1253 +£17.6 1255+ 194 121.8 £22.0 024 125.1+15.5 119.9 + 15.1 0.10
apoB  (mg/dL) 82.5+21.6 75.1 £20.2 724 +21.6 0.11 89.9 +19.8 79.5 £ 14.8 0.01
apo B/ apo Al * 0.7 £0.1 0.6 £ 0.1 0.6 0.2 0.93 0.7 £0.1 0.7 £0.1 0.06

P1, before vs. after the study in CZ1.5 group; P2, before vs. after the study in DIMS group. Mean =+ s.D.

M, male; F, female; BMI, body mass index; TP, total serum protein; Alb, serum albumin; eGFR, estimated glomerular filtration
rate; FPG, fasting plasma glucose; C-pep, plasma C-peptide; HbA lc, glycated haemoglobin Alc (NGSP value); TG, serum triglycerides;
TC, total serum cholesterol; HDL-C, serum high density lipoprotein cholesterol; FFA, serum free fatty acid; RLP, serum remnant like

particle; apo, apolipoprotein.

*The values raised one digit significant digits of apo B / apo Al in the CZ1.5 and DIMS groups prior to and at the end of the study:
0.66 = 0.11 (total), 0.60 = 0.14 (before in CZ1.5 group), 0.60 £ 0.18 (after in CZ1.5 group), 0.72 £ 0.14 (before in DIMS group), 0.67 +

0.11 (after in DIMS group).

**The eGFR of DIMS group seems to be reduced. It is because there were two DIMS group subjects whose serum creatinine rises,
though the precise cause is uncertain. Moderate dehydrations were suspected as the cause, because the examination periods of the two
subjects were in the summer. The eGFR of the entire DIMS group is not a significant decrease. (p =0.07)

jects was able to take solid food orally and thus, all of them
received only enteral nutrition of a liquid diet through a
tube. Moreover, they were unable to walk on their own or
to engage in physical exercise. No major differences were
observed in terms of the caloric, carbohydrate, protein or
lipid content of the liquid diets that had been given to the
individuals in the CZ1.5 and the DIMS groups prior to
commencing the study.

The values of each parameter at the end of the 3-month
study were compared with their corresponding values
obtained immediately prior to the study for each subject in
the CZ1.5 and DIMS groups (Table 2). There was a signifi-
cant rise in FPG (p = 0.02) and tendency towards a rise in
HbAlc (p = 0.06) in the CZ1.5 group. Conversely, there
was a significant increase in the body mass index (BMI; p <
0.01) and a significant reduction in FPG, HbAlc, RLP and
apo B (p < 0.01) in the DIMS group, in addition to a ten-
dency for estimated glomerular filtration rate (eGFR: p =
0.07), TC (p = 0.06) and apo B/apo A ratio (p = 0.06) to
diminish, as well as a tendency for C-pep to increase (p =
0.06).

The values of markers of inflammation and oxidative
stress were determined prior to and at the end of the study,
and the values were compared within the same group (Table
3). While there were no significant changes in any of these
markers in CZ1.5 group, the subjects in the DIMS group
demonstrated a significant reduction in all these markers
except adiponectin (p = 0.01 for TNFa, p = 0.02 for log
IL-6, and p < 0.01 for MCP-1 and 8-OHdG).

Metabolic factors were measured 0, 2 and 4 hours after
administration of the liquid diet, and the values obtained
prior to the initiation of the study were compared with those
obtained at the end of the study (Table 4 and Fig. 2). There
was a significant rise in the FPG and 2-hour value of C-pep
(p < 0.05) in the CZ1.5 group, but no significant changes
were observed in other factors (Fig. 2A, B, C and D). By
contrast, the RLP levels at 0, 2 and 4 hours after administra-
tion of the diet were each lower at the end of the study than
at the baseline in the DIMS group. However, the postpran-
dial rise in RLPs observed in the baseline measurements
were not affected by the 6-month treatment and thus, a
decline was only evident in the fasting values (Fig. 2I and
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Table 3. Values of inflammatory markers and oxidative stress markers in the CZ1.5 and DIMS groups prior to and at the end of the

study.
Total CZ1.5 P1 DIMS P2
before after before after
Plasma
adiponectin (ug/mL) 153+94 13.2+104 13.7+11.9 0.61 174 +9.0 192+ 104 0.16
TNFa (pg/mL) 29+14 29+1.8 28+1.8 0.83 2.8+ 1.1 1.8+0.7 0.01
IL-6 (pg/mL) 3.7(0.4-111.0)  6.3(1.0-108.0) 6.0 (2.0-17.7) 3.0 (0.4-111.0) 2.1(0.6-21.6)
log IL-6 (pg/mL) 0.7+0.7 0.7+0.4 0.8+0.4 0.41 0.7+0.7 0.4+04 0.02
MCP-1 (pg/mL) 208.5 + 82.1 192.1 £82.1 193.5+91.8 0.94 2249 +79.2 1502 +41.0 <0.01
8-OHdG (ng/mg Cre) 32.0+22.0 23.4+10.8 31.4+14.8 0.10 40.5 +26.3 233+23.0 <0.01

P1, before vs. after the study in CZ1.5 group; P2, before vs. after the study in DIMS group. Mean = s.p.
TNFa, tumor necrosis factor alpha; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1; 8-OHdG, urinary 8-hydroxy-

deoxyguanosine; Cre, urinary creatinine excretion.

Table 4. Various metabolic factors 0, 2 and 4 hours after administration of each liquid diet.

CZ1.5 DIMS
before after P1 before after P2
Glucose (mg/dL)
0 104.5 £ 24.5 123.6 £29.5 0.02 135.0 +£40.0 104.5 +£27.4 <0.01
2 212.0 = 83.9 220.6 +94.7 0.63 2382 £91.1 193.4 £ 60.5 0.06
4 181.2 +£56.9 168.3 = 60.1 0.34 191.0 = 58.0 169.3 + 55.8 0.22
C-peptide (pg/mL)
0 1.5+1.1 1.7+ 1.1 0.17 I.1+1.1 1.3+1.1 0.06
2 3.7+£32 45+32 0.01 4.5+47 32+29 0.25
4 39+£29 43+29 0.18 39+4.0 33+29 0.27
Triglyceride ~ (mg/dL)
0 158.1 = 126.4 162.9 £ 119.5 0.77 107.1 £51.8 119.8 £+ 774 0.64
2 186.5 = 132.1 218.8 £144.0 0.10 138.7 + 87.8 130.3 £91.8 0.30
4 177.2 £ 145.4 193.9 £ 132.1 0.37 134.4 +83.9 125.5+£90.7 0.19
Free fatty acid (mEq/L)
0 0.7+04 0.8+04 0.26 0.7+04 0.7+04 0.80
2 04+04 04+04 0.73 0.2+0.0 0.2+0.0 0.75
4 04+04 0.4 +0.0 0.26 0.2+0.0 02+0.0 0.39
RLPs (mg/dL)
0 8.8 +9.7 8.1+6.5 0.62 83+5.8 6.6 +5.8 0.01
2 92+97 9.9+6.8 0.80 89+6.5 6.7+6.8 0.01
104 £ 11.2 93+6.5 0.56 8.3 +6.8 6.7+6.8 0.02

P1, before vs. after the study in CZ1.5 group; P2, before vs. after the study in DIMS group. Mean + s.D.

RLPs, serum remnant like particles.

J). There was a significant drop in the FPG values in the
DIMS group at the end of the 6-month study period,
although the fasting C-pep levels remained unchanged (with
a tendency to rise; p = 0.06). The postprandial rise in
plasma glucose and C-pep seen prior to the study in DIMS
group was not suppressed at the end of the 6-month study
(Fig. 2B and D).

Serum levels of various fatty acids were also deter-
mined prior to and at the end of the study (Table 5). In the
CZ1.5 group there was a significant rise in linolenic acid (p

< 0.01) and a significant drop in lignoceric acid (p = 0.03),
with no significant changes detected in other fatty acids.
By contrast, in the DIMS group there was a significant
decline in lauric acid (p = 0.04), myristoleic acid (p = 0.02),
oleic acid (p < 0.01), y-linolenic acid (p = 0.03), eicosenoic
acid (p = 0.04), erucic acid (p = 0.02), eicosatrienoic acid (p
= 0.01) and docosatetracnoic acid (p < 0.01), as well as a
significant rise in EPA (p < 0.01), docosapentaenoic acid (p
=0.01) and the EPA/AA ratio (p < 0.01). The decrease in
dihomo-y-linolenic acid and AA was only marginal (p =
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Fig. 2. The changes in metabolic factors after consumption of each liquid diet.

These panels display the values of the various metabolic factors 0, 2 and 4 hours after consumption of each liquid diet,
prior to and at the end of the 3-month study. There was a significant rise in the fasting plasma glucose and in the C-pep
level 2 hours after consumption at the end of the study in comparison to those values prior to the study in the CZ1.5
group (A and C, p < 0.05), although no significant changes were observed in other factors. By contrast, the RLP levels 0,
2 and 4 hours postprandially dropped at the end of the study compared to their respective values prior to the study in the
DIMS group. However, the postprandial rise in RLPs that was evident at baseline was not corrected even after the
3-month treatment, resulting in a decline in the fasting values alone (J). There was no change in the RLP levels in the
CZ1.5 group at all times and under all conditions analyzed (I). There was a significant drop in FPG (B) but the fasting
C-pep levels remained unchanged with a tendency to rise (D, p = 0.06) in the DIMS group at the end of the 3-month
study period. The postprandial rise seen in plasma glucose and in C-pep in the DIMS group prior to the study was not
suppressed after the 3-month study (B and D). The 3-month diet provoked no significant changes in serum levels of tri-
glycerides or free fatty acids at any time point in either of the two groups (E to H). *p <0.01, **p <0.05.

0.06 for both cases). Interestingly, the serum levels of DHA
remained unchanged not only in the CZ1.5 group (p = 0.15)
but also, in the DIMS group (p = 0.14).

The comparisons between the delta (absolute) changes
and percentage changes of various parameters before and
after treatment between the CZ1.5 group and the DIMS

group were shown in Table 6. We designated the parame-
ters that showed changes in Tables 1-4 as parameters for
analysis, as well as apo Al and DHA levels. The DIMS
group showed significantly larger increases of BMI, EPA,
and DHA, and significantly larger reductions of FPG,
HbAlc, RLP, apo B, 8-OHdG, TNFa, IL-6, MCP-1, oleic
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Table 5. Serum levels of various fatty acids.
CZ1.5 DIMS
before after P1 before after P2
lauric (ug/mL) 2.9+342 2.0+0.7 0.08 28 £ 14 1.7+1.1 0.04
myristic (ug/mL) 28.9 £19.1 255+17.3 0.30 224 + 12.2 21.1 +8.3 0.63
myristoleic (ug/mL) 28+29 1.8+14 0.16 24 + 14 1.1 +0.7 0.02
palmitic (ug/mL) 624.2 +324.4 558.4 +335.5 0.30 602.4 + 169.6 556.2 + 124.9 0.13
palmitoleic (ug/mL) 94.5 +74.5 89.2 +£59.8 0.56 90.0 £ 46.4 81.9+40.0 0.18
stearic (ug/mL) 222.3 £ 68.0 176.0 = 67.0 0.07 200.6 + 74.2 189.4 £57.2 0.49
oleic (ug/mL) 629.8 + 356.8 662.2 £ 340.6 0.44 702.0 £ 279.0 591.7£203.4 <0.01
linoleic (ug/mL) 787.9 £ 265.0 742.5 £273.6 0.71 679.2 + 158.8 706.5 + 164.5 0.50
y-linolenic (ug/mL) 11.6 £ 6.8 30.6 + 68.0 0.36 13.5 = 9.4 10.5+7.9 0.03
linolenic (ug/mL) 53.1+ 184 69.2+£223 <0.01 39.5 + 18.0 46.5 +22.0 0.18
arachidic (ug/mL) 1.8 +0.7 1.7+ 0.7 0.67 1.6 £ 0.7 1.4+£0.7 0.37
eicosenoic (ug/mL) 62+ 1.8 6.7+22 0.36 62 £ 22 54+22 0.04
eicosadienoic (ug/mL) 8.6+29 75+£25 0.25 7.1 + 3.0 7.0£22 0.47
eicosatrienoic (ug/mL) 35+£25 32+1.8 0.67 54 + 3.6 33+£29 0.01
dihomo-y -linolenic  (ug/mL) 444 £ 14.4 42.8 £19.1 0.54 456 £ 15.5 39.5+16.9 0.06
arachidonic (ug/mL) 109.9 +28.8 99.6 +£45.4 0.47 141.9 + 493 133.0 +48.2 0.06
eicosapentaenoic (ug/mL) 38.8+16.2 359+ 16.9 0.59 33.1 £ 169 732+212 <0.01
behenic (ug/mL) 1.5+0.7 2.0+ 1.1 0.16 1.5 + 1.1 22+14 0.24
erucic (ug/mL) 1.1+04 0.7+04 0.08 1.6 + 0.7 09+0.7 0.02
docosatetraenoic (ug/mL) 37114 36+14 0.89 49 £ 25 35+£22 <0.01
docosapentaenoic (ug/mL) 16.9 £ 6.1 17.2 £6.1 0.89 19.2 + 10.1 225+ 11.5 0.01
lignoceric (ug/mL) 1.1+04 0.7+04 0.03 09 + 04 1.0+0.7 0.84
docosahexaenoic (ug/mL) 554 +194 46.5+21.2 0.15 66.2 + 25.6 78.7 £ 28.1 0.14
nervonic (ug/mL) 25+ 1.1 22+14 0.65 31 + 1.8 2.7+ 1.8 0.59
Total (ug/mL) 2,753.0 £ 946.4 2,803.0 + 992.5 0.71 2,621.4 £ 776.2 2,580.6 + 624.2 0.74
EPA/AA ratio 03+0.0 03+04 0.85 03 £ 0.0 0.6+04 <0.01

P1, before vs. after the study in CZ1.5 group; P2, before vs. after the study in DIMS group. Mean + s.D.

EPA, eicosapentaenoic acid; AA, arachidonic acid.

acid, eicosatrienoic acid, and docosatetraenoic acid than the
CZ1.5 group.

The comparisons between the correlation coefficients
of the percentage changes in the parameters analyzed in
Table 6 as well as the EPA/AA ratio and the apo B/apo Al
ratio, and the percentage changes in FPG, between the
CZ1.5 group and the DIMS group were shown in Table 7.
In the CZ1.5 group, none of the parameters correlated sig-
nificantly with the percentage change in FPG. In contrast,
in the DIMS group, the percentage changes in FPG corre-
lated positively with the percentage changes in HbAlc,
8-OHdG, TNFaq, IL-6, MCP-1, and the apo B/apo Al ratio,
and correlated negatively with the percentage changes in
apo Al, EPA, DHA, and the EPA/AA ratio. EPA (r =
—0.82) showed the strongest correlation with percentage
change in FPG, followed by DHA (r = —0.58) and the EPA/
AAratio (r=-0.42).

A multiple regression analysis was performed using
the %change of HbAlc as a dependent variable and admin-
istration of DIMS, age, gender, %change of BMI and

%change of eGFR as independent variables. This analysis
found only the administration of DIMS (f =-0.65, p = 0.02)
to be an independent factor associated with the %change in
HbAlc.

Discussion

The objective of the present study was to clarify
whether a diet containing a small amount of EPA/DHA
improves glycemic control in patients with diabetes melli-
tus. Ingestion of such a diet resulted in a rise in the serum
EPA concentrations.

EPA/DHA

EPA and DHA alter membrane fluidity, interact with
transcription factors such as peroxisome proliferator-acti-
vated receptor (PPAR: insulin sensitivity regulator) and ste-
rol regulatory element binding protein (lipids metabolism
regulator), and are substrates for enzymes including cyclo-
oxygenase, lipoxygenase and cytochrome P450 (inflamma-
tion, platelet aggregation, vasoconstriction regulators). As
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Table 6. The comparisons between the delta changes and percentage changes of various parameters before and after treatment between
the CZ-1.5 group and the DIMS group.
A change P1 % change (%) P2
CZ1.5 DIMS CZ1.5 DIMS
BMI (kg/m?) -0.1 +£0.2 0.26 +£0.2 0.01 -0.6+1.2 1.28£0.8 <0.01
FPG (mg/dL) 192 £255 -30.5+29.6 <0.01 22.8+£373 -20.8£16.2 0.01
HbAlc (%) 03+0.5 -05+04 <0.01 5.0+8.6 -73+54 <0.01
RLP (mg/dL) -08+53 -1.7+19 0.04 87+41.4 -21.8+18.8 0.04
Apo B (mg/dL) —2.6+5.5 -10.4+£11.0 0.01 -3.5+8.9 -10.5 £ 8.1 0.04
Apo Al (mg/dL) -3.8+10.7 -52+10.2 0.27 -29+75 -3.8+8.7 0.38
8-OHdG (ng/mg Cre) 8.0=+15.6 -17.3+ 183 <0.01 51.8+76.9 —445+223 <0.01
TNFa (pg/mL) -0.1 +1.1 -1.0£1.1 0.04 —2.3+44.0 -25.8+£51.3 0.02
IL-6 (pg/mL) —6.1 +£24.6 —10.6 + 23.8 0.04 422 +£96.4 -239+52.1 0.04
MCP-1 (pg/mL) 1.5+ 60.9 ~74.8 +£49.5 0.01 5.1+383 —27.9+18.5 0.03
Lauric (ug/mL) -09+1.6 -1.1+1.6 0.76 —142+£354 —24.4 +54.1 0.64
Myristoleic (ug/mL) -1.0+£23 -1.3+1.7 0.70 -22.3 +58.1 -29.1+59.5 0.68
Oleic (ug/mL) 32.5+141.2 —110.3 £ 105.5 <0.01 8.1+£22.7 -13.9+10.8 <0.01
y-linolenic (ug/mL) 19.0 + 68.4 -3.0+42 0.28 198.6 + 679.7 -16.4+£25.8 0.29
Eicosenoic (ug/mL) 05+18 -0.7+ 1.1 0.08 123 £ 345 -10.7+17.0 0.06
Eicosatrienoic (ug/mL) -03+23 —-2.1£25 0.04 11.5+61.7 —39.5+33.8 0.02
EPA (ug/mL) -28+17.5 40.2 = 15.7 <0.01 -1.4 +£31.1 201.2 +258.5 <0.01
Erucic (ug/mL) -0.4+0.7 -0.7+0.9 0.33 —16.6 £ 54.4 —273+62.4 0.67
Docosatetraenoic ~ (ug/mL) -0.1+1.5 -14+12 0.03 2.0 £36.6 —282+21.1 0.03
Docosapentaenoic  (ug/mL) 0.3+6.8 32+39 0.24 7.6 £40.5 20.0 £27.3 0.44
DHA (ug/mL) —8.9 £ 20.0 12.5+27.6 0.03 —11.5+36.8 309+51.9 0.02
Mean =+ s.D.

P1, P2, CZ1.5 group vs. DIMS group.

BMI, body mass index; FPG, fasting plasma glucose concentration; HbA Ic, glycated haemoglobin Alc; RLP, remnant like particle;
Apo B, apolipoprotein B; Apo A1, apolipoprotein Al; 8-OHdG, urinary 8-hydroxydeoxyguanosine; TNFa, tumor necrosis factor alpha;

IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein 1; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acids.

a result, EPA and DHA may improve cardiovascular health
by altering lipid metabolism, inducing hemodynamic
changes, decreasing arrhythmias, modulating platelet func-
tion, improving endothelial function and inhibiting inflam-
matory pathways (Cottin et al. 2011). Besides these fatty
acids, dietary fiber is thought to have the potential to influ-
ence the postprandial rise in blood glucose (Sako et al.
2010) and the onset of cardiovascular events (Wallstrom et
al. 2012). The DIMS diet contains 1.4 g/100 kcal more
dietary fiber than CZ1.5 does (Table 1), and this may have
contributed to the effects of EPA. However, since no
improvements in postprandial blood glucose were observed,
we conclude that dietary fiber had only a minor influence
on blood glucose.

Low levels of EPA and DHA in the blood are associ-
ated with the onset of cardiovascular events and indeed,
EPA/DHA replacement therapy has been reported to sup-
press inflammation and inhibit cardiovascular events (Rupp
et al. 2004). Alternatively, it has also been noted that even
when EPA and DHA are administered, it is only EPA/AA
ratio that is associated with the inhibition of cardiovascular
events (Rupp et al. 2006). It was recently revealed, how-

ever, that similar effects can be obtained by administering
DHA alone, and that DHA is strongly linked to the inhibi-
tion of cerebral arteriosclerosis (Kim et al. 2012). One
mechanism attributed to the anti-atherosclerotic effects of
EPA/DHA, such as these highlighted above, is that EPA/
DHA are PPAR-gamma (PPARy) ligands that improve insu-
lin resistance by stimulating PPARy activity, while they
inhibit inflammatory reactions, such as the activation of
macrophages and IL-6 secretion, by suppressing nuclear
factor kappa B (NF-xB) activity (Li et al. 2005; Draper et
al. 2011; Jung et al. 2012). EPA/DHA was recently
reported to induce the Nrf2 signaling pathway, which leads
to the suppression of oxidative stress, resulting in the inhi-
bition of macrophage activation and of inflammation
(Massaro et al. 2008; Wang et al. 2010; Majkova et al.
2011; Takaki et al. 2011; Contreras et al. 2012; Malekshahi
Moghadam et al. 2012). EPA is also thought to activate
macrophages and to suppress the secretion of MCP-1 and
inflammatory cytokines, by modifying the decomposition
of very low density lipoprotein (VLDL) in macrophages
(Jinno et al. 2011; Majkova et al. 2011). These effects of
EPA, improving insulin resistance and suppressing TNFa,
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Table 7. The comparisons between the correlation coefficients of the percentage changes in the parameters
and the percentage changes in fasting plasma glucose, between the CZ1.5 group and the DIMS

group.

The percentage changes of FPG

% Change of CZ1.5 group P1 DIMS group P2
BMI —0.06 0.89 —0.08 0.72
HbAlc 0.14 0.11 0.36 0.02
RLP 0.18 0.09 0.08 0.65
ApoB 0.19 0.08 0.17 0.09
ApoAl 0.04 0.70 -0.37 0.02
8-OHdG —0.04 0.43 0.24 0.04
TNFa —-0.09 0.31 0.33 0.02
IL-6 —0.14 0.15 0.40 0.01
MCP-1 —-0.11 0.12 0.35 0.02
Lauric 0.30 0.06 0.11 0.24
Myristoleic 0.09 0.38 —-0.04 0.38
Oleic -0.31 0.06 0.01 0.85
y-linolenic 0.15 0.07 —-0.24 0.09
Eicosenoic —-0.02 0.79 0.10 0.18
Eicosatrienoic —0.34 0.05 0.32 0.05
EPA —0.19 0.09 —0.82 <0.01
Erucic -0.27 0.07 -0.21 0.15
Docosatetraenoic —-0.06 0.68 0.10 0.17
Docosapentaenoic -0.07 0.57 —0.06 0.65
DHA 0.03 0.73 —0.58 <0.01
EPA/AA ratio 0.01 0.91 —0.42 <0.01
ApoB/ApoAl ratio —-0.14 0.19 0.33 0.01

BMI, body mass index; HbAlc, glycated haemoglobin Alc; RLP, remnant like particle; Apo B, apolipo-
protein B; Apo Al, apolipoprotein Al; 8-OHdG, urinary 8-hydroxydeoxyguanosine; TNFa, tumor necrosis
factor alpha; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein 1; EPA, eicosapentaenoic acid,

DHA, docosahexaenoic acids.

MCP-1 and IL-6, were confirmed in our study, and the sup-
pression of these cytokines is likely to be one of the reasons
for the reduction in insulin resistance. The suppression of
macrophage-inflammation by EPA is thought to be more
significant than that of DHA (Mickleborough et al. 2009),
although the converse has also been reported (Weldon et al.
2007). In our study, EPA was significantly more powerful
than DHA, and we assume this to be in part due to the
increase of EPA in the blood associated with the administra-
tion of the DIMS diet while the concentrations of DHA
remained unchanged. In other words, as the doses of EPA
(254 mg/day, on average) and DHA (173 mg/day, on aver-
age) administered in our study were substantially below the
recommended dosage, DHA might have failed to reach its
effective blood concentration (Mullen et al. 2010). Here,
DHA is of particular interest. This parameter showed no
significant changes between before and after treatment,
even in the DIMS group. Unlike the changes seen in the
CZ1.5 group, DHA increased, relatively speaking, in the
DIMS group, even when compared with the CZ1.5 group.
In the DIMS group, however, the percentage change in
DHA showed a correlation with percentage change in FPG.

This showed a negative correlation. DHA did not end up
showing a statistically significant increase, since some
patients saw their serum DHA levels increase while others
saw them decrease, before and after treatment with DIMS.
However, the DIMS group had a greater number of subjects
with elevated serum DHA levels and a greater rate of
increase than the CZ1.5 group. It appears that, in the DIMS
group, FPG decreased more markedly in subjects who saw
their DHA increase sharply than those who did not. EPA
increased significantly as a result of DIMS treatment, and
the rate of increase correlated the most strongly with FPG’s
rate of improvement. Therefore, the increase in serum EPA
levels may have been involved the most closely with a
reduction in FPG, with DHA playing an auxiliary role. The
dosages used on this occasion, moreover, eclevated the
serum EPA level, but may have been insufficient to elevate
the serum DHA level. Researchers suggest that DHA may
increase blood EPA concentrations, and that the effects of
EPA and DHA on the blood vessels differ (Kelley et al.
2008; Cottin et al. 2011; Kelley and Adkins 2012;
Mozaffarian and Wu 2012). Thus combined use of DHA
with EPA may induce synergistic effects, augmenting the
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favorable effects exerted by EPA when administered alone
(Mozaffarian and Wu 2012).

An EPA/DHA-mediated rise in adiponectin levels may
be linked to lower insulin resistance (Mohammadi et al.
2012), although in our study the levels of adiponectin
remained unchanged. This may be due the high levels of
adiponectin before the start of the study as the subjects
recruited were extremely thin.

Apo B/apo Al ratio

A rise in the apo B/apo Al ratio is a risk factor for
intracranial arteriosclerosis (Park et al. 2011) and it is also a
risk factor for developing retinopathy (Sasongko et al.
2011). In addition, the apo B/apo Al ratio is a predictor of
future increases in insulin resistance in non-diabetic indi-
viduals (Sierra-Johnson et al. 2007), and it is an indepen-
dent risk factor for cardiovascular diseases (Thompson and
Danesh 2006).

EPA/DHA is reported to decrease RLPs (Nakamura et
al. 1998; Kelley et al. 2008). As a decrease in RLPs
induces decreases in large VLDL and small dense low-den-
sity lipoprotein (Kelley et al. 2007), not only reducing the
number of lipoprotein particles but also, altering the quality
of the particles caused by the acceleration of the breakdown
of TGs may be involved in the rise in the apo B/apo A ratio
caused by EPA/DHA administration (Cottin et al. 2011;
Jinno et al. 2011; Kelley and Adkins 2012). However, it is
difficult to distinguish which is the cause and which is the
effect, the suppression of the apo B/apo Al ratio or the
effects of improving FPG. These two phenomena may be
strongly related through a common mechanism to improve
insulin resistance. Moreover, it was also recently suggested
that EPA/DHA may reinforce hypoglycemic actions by
increasing the secretion of glucagon-like peptied-1 from the
digestive tract (Hirasawa et al. 2005; Senmaru et al. 2012)
The percentage changes in the apo B/apo Al ratio corre-
lated positively with the percentage change in FPG (Table
7). Essentially, however, it was a correlation not with
increased apo B (= 0.17, p = 0.09), but between decreased
apo Al (r =-0.37, p = 0.02) and increased FPG. Patients
whose FPG had dropped sharply as a result of improved
insulin resistance may be liable to see their apo A1 (HDL-
C) levels rise.

Limitations

The biggest problem with this study is the very small
sample size and thus, it will be necessary to carry out fur-
ther studies on a larger scale.
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