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Original Article

Aim: This study aimed to evaluate the effect of diet on serum lipids and to assess the effectiveness of long-term 
dietary therapy for hypertriglyceridemia.

Methods: Seventy-nine patients (34 males and 45 females) with hypertriglyceridemia were enrolled and under-
went dietary counseling for 12 months based on the following three recommendations: (1) reduce carbohydrate 
intake, (2) increase n-3 polyunsaturated fatty acid (PUFA) intake, and (3) limit alcohol drinking. We examined 
the effect of dietary therapy for 6 months on serum triglyceride (TG) levels and also compared the effectiveness 
of dietary and combined drug therapies on preventing arteriosclerotic disease from 7 to 12 months.

Results: We observed that serum TG levels of the patients receiving dietary counseling were decreased compared 
with baseline at 6 months. Body weight and serum TG levels were decreased, and serum high-density lipoprotein 
levels were increased in the dietary therapy alone group, whereas BW, body mass index, and abdominal circum-
ference were decreased in the combined drug treatment group compared with baselines at 6 and 12 months. Fur-
thermore, the dietary therapy alone group demonstrated reductions in intake of total energy, carbohydrate, and 
saturated fatty acids, as well as n-6/n-3 PUFA ratio compared with baselines, but only n-6/n-3 PUFA ratio was 
decreased in the combined drug treatment group.

Conclusion: This study demonstrated a decrease in serum TG level after 12 months of dietary therapy similar 
to drug therapy, which suggests that it is an effective treatment for hypertriglyceridemia, and heightened aware-
ness should be made to encourage its use.
The clinical trial registration number: UMIN000028860.

ing serum TGs2), fasting serum TG level was an inde-
pendent risk factor for coronary artery disease (CAD)3), 
and hypertriglyceridemia was associated with CAD in 
patients undergoing treatment for secondary preven-
tion with strictly controlled LDL cholesterol levels4). 
In the guidelines, serum TG level (≧150 mg/dL) is 
employed as diagnostic criteria for CADs because their 
onset is increased at this level5).

In the development of arteriosclerosis, lifestyle 
changes, such as diet and exercise, and especially diet 
therapy are important preventive factors. In 2012, the 

Introduction

Elevated levels of serum triglyceride (TG) promote 
formation of atheroma and clot by increasing concen-
trations of remnant lipoprotein (RLP) and small dense 
low-density lipoprotein cholesterol (sdLDL), activation 
of the coagulation and fibrinolysis system, and enhance-
ment in insulin (IRI) resistance, which all promote the 
development of atherosclerosis1). A previous study dem-
onstrated that the prevalence of heart disease increased 
in a concentration-dependent manner with non-fast-
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Methods

Subjects
Seventy-nine patients (34 males and 45 females) 

with hypertriglyceridemia, who attended the Asai med-
ical clinic, were enrolled in this study. Exclusion crite-
ria included patients who are undergoing treatment for 
cancer and renal or hepatic dysfunction. Written in-
formed consent was obtained from all of the subjects. 
This study design was approved by the ethics commit-
tee of the University of Shizuoka (No.24-45) and per-
formed in accordance with the principles of the Dec-
laration of Helsinki. The clinical trial registration num-
ber is UMIN000028860.

Study Design
1) The Effect of Dietary Counseling for 6 Months on 
Serum TG Level

Subjects underwent monthly dietary therapy for 
12 months based on the following three recommenda-
tions listed in the guidelines for prevention of arterio-
sclerotic disease: (1) mild reduction in intake of carbo-
hydrates; (2) increase consumption of n-3 PUFAs; and 
(3) limit excessive alcohol drinking. Fasting blood sam-
ples were collected, and body weight and abdominal 
circumference (AC) were measured at every visit. A 
dietary survey was conducted every 3 months. Seventy-
three subjects (33 males and 40 females) completed 
the first 6 months of the study period, and the 6 sub-
jects who dropped out before 6 months were excluded 
from this analysis. We evaluated alterations in various 
parameters such as serum lipids and composition, phys-
ical measurements, and the estimated nutrient intake 
in the first 6 months of the study period.

2) Comparison of Dietary Counseling Alone and 
Combined Drug Treatment from 7 to 12 Months of 
the Study Period

Subjects whose serum TG level reached the target 
range (＜150 mg/dL) at 6 months continued to undergo 
dietary therapy (dietary counseling alone group, n=  
12), whereas those who did not were started on drug 
therapy such as EPA preparation (EPA ethyl ester, n=  
5) or fibrates (combined drug treatment group, bezafi-
brate: n=3, fenofibrate: n=4). The other 10 subjects 
whose serum TG level did not reach the target range 
and who rejected medical therapy at 6 months were 
excluded from this study. Moreover, 4 subjects who 
dropped out of the study after 6 months were also 
excluded. Thus, in the last 6 months of the study period, 
the dietary therapy alone group included 47 subjects, 
and the combined drug treatment group included 12 
subjects. Alterations in various parameters and the esti-
mated nutrient intake during the study period in both 

Japan Atherosclerosis Society Guidelines for Preven-
tion of Atherosclerotic Cardiovascular Diseases were 
revised for the first time in 5 years. Moreover, the guide-
lines indicate that improvement of lifestyle habits should 
be initiated 3 to 6 months in patients with dyslipid-
emia before they receive medical treatment6). Dietary 
modifications reduce serum TG level without any risk 
of side effects. However, it is easier to demonstrate an 
effect with drug treatments, and physicians recommend 
dietary therapy less frequently. Furthermore, the avail-
ability of dietary therapy in dyslipidemia is not evalu-
ated enough, so there is a need to establish an effective 
method of dietary therapy based on scientific evidence.

In a meta-analysis regarding dietary carbohydrate, 
fat intake, and serum fatty acid (FA) levels, it was sug-
gested that isoenergetic replacement of dietary fat con-
taining saturated fatty acid (SFA) with carbohydrates 
produced an increase in fasting TG level7). Addition-
ally, the subjects who drank at least 46.0 g/day of alco-
hol had higher serum TG levels than those who did 
not drink or drank less than 46.0 g/day of alcohol in a 
cross-sectional study of Japanese male office workers8). 
Furthermore, many epidemiological intervention 
studies demonstrated that increased consumption of 
n-3 polyunsaturated fatty acids (PUFAs) was effective 
in lowering TG levels and preventing CADs9). Thus, 
dietary intake appears to be closely related to serum 
lipid levels, serum FA composition, and vascular endo-
thelial function.

In the guidelines, it is recommended that patients 
with hypertriglyceridemia should mildly decrease intake 
of carbohydrates, increase consumption of n-3 PUFAs, 
and cut back on excessive alcohol intake6). In previous 
reports, it was suggested that the intake of supplements 
of eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) could improve serum FA balance10), serum 
lipid levels11), as well as vascular endothelial func-
tion12, 13), and could be an effective treatment against 
CAD. Thus, increasing the intake of fish as a major 
source of n-3 PUFAs (EPA and DHA) was introduced 
in dietary counseling in this study.

Aim

The aims of this study were to evaluate the effect 
of dietary modifications on serum lipid level and com-
position and to assess whether long-term dietary ther-
apy based on the following three recommendations 
listed in the guidelines could improve serum lipid level 
and composition in hypertriglyceridemia: (1) mild 
reduction in intake of carbohydrates; (2) increase con-
sumption of n-3 PUFAs; and (3) limit excessive alco-
hol drinking.
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were evaluated every 6 months. The threshold value 
for insulin resistance (HOMA-IR) was estimated with 
the following formula: HOMA-IR=PG (mg/dL)×IRI 
(µU/mL)/405. LDL/HDL, n-6/n-3 PUFA, and EPA/
arachidonic acid (AA) ratios, which are reported as risk 
factors for the onset and prevention of CADs, were 
calculated14-16).

We evaluated the estimated nutrient intake of sub-
jects using a brief-type self-administered diet history 
questionnaire (BDHQ) methods17, 18), which tracked 
dietary habits during the previous month and took only 
20–30 min to answer.

Statistical Analysis
All data are presented as mean±SD. The normal-

ity of the data distribution was examined by the Shap-
iro–Wilks test. Changes in blood parameters before 
and after dietary intervention were analyzed using 
paired Student’s t -test for normally distributed data 
and the Wilcoxon test for nonparametric analysis. Con-
secutive changes in physical characteristics and clinical 
factors were analyzed using a repeated analysis of vari-
ance (ANOVA) for normally distributed data and the 
Friedman test for non-normally distributed data. Tukey’s 

groups were evaluated.

Measurements
Height was measured at first visit, and body weight 

and AC were measured at every visit. Height and body 
weight of subjects were measured using TANITA Best-
weight BWB-700 (Tokyo, JAPAN). AC was measured 
around the navel using an anthropometric tape. Body 
mass index (BMI) was calculated using the following 
formula: BMI (kg/m2)=weight (kg)/height (m)2

Subjects visited the clinic in the morning after 
not less than 10 h fast, and fasting blood samples were 
collected at every visit. Blood samples were assessed by 
the Health Science Institute, Inc. (Kanagawa, JAPAN). 
Serum TG, total cholesterol (TC), and high-density 
lipoprotein cholesterol (HDL) levels were measured 
monthly. Serum LDL level was estimated by the Frie-
dewald formula when serum TG levels were ＜400 mg/
dL, whereas when serum TG levels were ≧400 mg/dL, 
the non-HDL level was considered as the LDL level. 
Non-HDL level was calculated using the following for-
mula: non-HDL (mg/dL)=TC (mg/dL)－HDL (mg/
dL). Serum FA, plasma glucose (PG), IRI, high sensi-
tivity C-reactive protein (hsCRP), and sdLDL levels 

Table 1. Characteristics of the subjects with hypertriglyceridemia in this study at baseline and 6 months

Baseline 6 month
p

Mean±SD Max min Median Mean±SD Max min Median

Age (year)
Sex (Male/Female)
BW (kg)
BMI (kg/m2)
AC (cm)
TG (mg/dl)
RLP (mg/dl)
TC (mg/dl)
LDL (mg/dl)
HDL (mg/dl)
sdLDL (mg/dl)
nonHDL (mg/dl)
LDL/HDL
PG (mg/dl)
IRI (µIU/ml)
HOMA-IR
hsCRP (mg/dl)
EPA/AA
n-6/n-3 PUFA

65.6±11.2
33/40

64.5±12.8
25.2±3.5
90.8±7.2
229±109

13.4±9.1
207±29
119±33

49±13
43.0±13.8
158±29

2.60±0.99
101±21
7.0±3.8

1.77±1.08
0.086±0.096
0.53±0.53
4.37±1.75

89

97.8
35.9

107.0
784
43.6
275
199

94
79.3
230
6.22
206
20.5
5.28

0.500
2.44
8.87

35

43.0
19.6
77.5
152
2.4
121

53
28

12.8
87

0.65
65
2.0

0.43
0.006

0.08
1.22

66

61.7
24.6
90.0
193

10.3
207
115

46
40.1
156

2.52
96

5.8
1.43

0.052
0.35
4.02

61.3±12.0
24.0±3.3
87.2±7.3
138±69
9.8±6.3

201±26
120±24

55±16
39.0±14.1
146±25

2.33±0.74
101±17
8.2±5.2

2.11±1.52
0.120±0.150
0.49±0.38
4.08±1.66

90.6
32.1

110.0
471

33.5
273
192
129

92.9
214

4.36
166

30.7
8.94

0.500
1.81

11.02

39.1
12.9
72.5

50
2.3

148
63
31

16.0
91

0.63
69

2.0
0.44

0.004
0.06
1.48

59.9
23.6
87.0
135
8.8

200
117

53
36.1
144

2.35
97

6.5
1.65

0.057
0.38
3.77

＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

0.024
－

＜0.001
0.004

＜0.001
0.002
－

0.024
0.038
－

－

－

Values are means±SD (n=73). P values refer to paired Student’s - tests performed on mean change after nutritional counseling therapy for 6 
months. Wilcoxon tests were used to compare non-normal data. BW, body weight; BMI, body mass index; AC, abdominal circumference; TG, tri-
glyceride; RLP, remnant lipoprotein; TC, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; 
sdLDL, small dense LDL; PG, plasma glucose; IRI, insulin; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high sensitivity 
C-reactive protein; EPA, eicosapentaenoic acid; AA, arachidonic acid; PUFA, polyunsaturated fatty acid.
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Results

1) Effect of Dietary Intervention Via Counseling 
for 6 Months

The average age, BMI, and serum TG level were 
65.6±11.2 years, 25.2±3.5 kg/m2, and 229±109 mg/
dL, respectively, at baseline. The subjects included 10 
patients with diabetes, 21 smokers, and 30 drinkers of 
alcohol, and 66 subjects took anti-hypertensive drug.

Changes in the characteristics of the subjects are 
shown in Table 1. Serum TG, RLP, TC, sdLDL, and 
non-HDL levels and the LDL/HDL ratio of the pa-
tients receiving dietary counseling were significantly de-
creased as compared with baseline levels at the end of 
the first 6 months. The average reduction in serum 

post hoc test was subsequently used for analysis of sig-
nificance. Quantitative changes in various parameters 
and the estimated nutrient intake between the dietary 
and combined drug therapy groups during the 12 
month study period were analyzed using the unpaired 
two-tailed Student’s t -test for normally distributed data 
and the Mann–Whitney U -test for non-normally dis-
tributed data. A p-value of ＜0.05 was considered to 
be significant. All analyses were performed using IBM 
SPSS statistics (Version 22) (IBM Ltd., Chicago, IL, 
USA).

Table 2. The estimated dietary nutrients assessed by BDHQ following counseling for 6 months in study subjects

Baseline 6 month
p

Mean±SD Max Min Median Mean±SD Max Min Median

Energy (kcal)
Protein (g)
Fat (g)
Carbohydrate (g)
P % En (%)
F % En (%)
C % En (%)
alcohol (g)
cholesterol (mg)
SFA (g)
MUFA (g)
n-3PUFA (g)
n-6PUFA (g)
SFA % En
palmitic acid (mg)
palmitoleic acid (mg)
stearic acid (mg)
oleic acid (mg)
linoleic acid (mg)
α-linolenic acid (mg)
γ-linolenic acid (mg)
AA (mg)
EPA (mg)
DHA (mg)
EPA＋DHA (mg)
PUFA/SFA
n-6/n-3 PUFA
EPA/AA
NaCl

1684±418
66.5±20.6
48.3±16.2
226±57
15.9±3.0
25.7±5.5
54.1±7.5
8.5±16.4

320±158
12.6±5.2
17.0±6.1
2.8±1.0
9.3±3.0
6.7±1.9

7399±2773
754±304

2640±1070
15102±5672

9077±2928
1483±521

8±6
148±61
400±256
636±380

1037±635
1.0±0.3
3.5±0.9
2.7±1.2

10.9±3.1

2632
127.3

88.3
335
24.7
46.0
73.1
72.0
869
28.1
30.8

7.5
15.7
11.2

15519
1664
5768

27449
15049

2726
26

319
1627
2443
4070

1.9
5.6
5.9

19.3

800
26.7
20.9

92
11.4
13.8
34.0

0
87

3.7
6.6
0.9
3.7
2.5

2570
131
761

4946
3580

503
1

50
49
77

126
0.5
1.6
0.7
5.2

1689
63.5
48.5
222

15.2
26.1
54.9

0.1
294

11.9
16.5

2.6
9.1
6.5

7077
719

2503
14593

8822
1438

7
139
359
579
926
1.0
3.6
2.5

10.8

1467±361
63.0±19.3
41.6±13.9
193±48

17.4±3.9
25.4±5.0
53.0±8.4

7.5±14.9
294±140

10.3±3.7
14.6±5.2

2.8±1.2
8.0±2.9
6.3±1.6

6170±2144
750±302

2162±828
12329±4665

7752±2800
1240±490

8±4
137±70
472±314
781±453

1252±759
1.1±0.3
3.0±0.9
3.5±1.4

10.3±3.0

2318
129.6

79.8
288

32.7
37.6
75.3
57.7
767

19.8
30.3

6.8
16.3
10.6

12032
1659
4606

27176
15775

2758
23

346
1630
2477
4107

1.7
5.2
7.8

20.4

764
29.7
17.4

84
9.8

14.1
34.9

0
83

3.6
5.4
0.7
2.7
2.9

2368
259
802

3863
2345

403
1

13
60

114
174
0.6
0.6
0.9
4.8

1427
59.2
38.0
193

17.3
25.3
52.8

0
250
9.1

13.9
2.7
7.5
6.2

5527
648

1924
11300

7352
1124

8
125
435
731

1088
1.1
3.0
3.4

10.0

＜0.001
－

0.003
＜0.001
＜0.001
－

－

－

－

＜0.001
0.003
－

0.002
－

0.001
－

0.001
＜0.001

0.001
0.001
－

－

－

0.008
0.020
0.028

＜0.001
＜0.001
－

Values are means±SD (n=73). P values refer to paired Student’s t -tests performed on mean change after nutritional counseling therapy for 6 
months. Wilcoxon tests were used to compare non-normal data. P% En, energy ratio of protein; F% En, energy ratio of fat; C% En, energy ratio of 
carbohydrate. PFC ratio did not include % energy of alcohol. SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsatu-
rated fatty acid; AA, arachidonic acid; EPA, eicosapentaenoic acid; DHA docosahexaenoic acid.
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2) Comparison of Dietary Therapy Alone Group 
and Combined Drug Treatment Group from 7 to 
12 Months of the Study Period

Changes in serum TG levels in both groups are 
shown in Fig.1. In the dietary therapy alone group, 
there were significant reductions in serum TG levels at 
every month compared with baseline, and the decrease 
in serum TG levels continued throughout the study 
period. By contrast, serum TG levels were only reduced 
in the combined drug treatment group following initi-
ation of drug treatment at 7 months. The rate of de-
crease in serum TG level from baseline to 6 months 
was 47.1% in the dietary therapy alone group but only 
6.5% in the combined drug treatment group, a differ-
ence that was significant (p＜0.001, data not shown). 
On the other hand, the rate of changes were 27.3% and 
－40.1% (p＜0.001) from 7 to 12 months and －38.8% 
and －44.6% (p=0.373) from baseline to 12 months 
in the dietary therapy group and combined drug treat-
ment group, respectively.

Serum lipid level and composition and physical 
measurements in both groups for the study period are 
shown in Table 3. Baseline levels of serum TG, RLP, 
HDL, sdLDL, LDL/HDL ratio, non-HDL, IRI, PG, 

TG level was 39.7% at 6 months. Serum HDL level 
at 6 months was significantly increased compared with 
baseline. There were no significant differences in se-
rum LDL, PG, and hsCRP levels, as well as EPA/AA 
and n-6/n-3 PUFA ratios after 6 months of dietary 
counseling. IRI and HOMA-IR levels at 6 months 
were significantly increased compared with baselines. 
There were also significant reductions at 6 months in 
body weight, BMI, and AC compared with baseline 
values, whereas there was no significant change in BP 
levels (data not shown).

The estimated nutrient intakes of subjects during 
the first 6 months of dietary intervention are shown in 
Table 2. Compared with baselines, total intakes of en-
ergy and carbohydrate in the patients receiving dietary 
counseling were significantly decreased at 6 months, 
whereas there was no significant decrease in the carbo-
hydrate/energy ratio. No significant difference was ob-
served in the intake of alcohol. EPA＋DHA level and 
EPA/AA ratio were significantly increased after dietary 
intervention, whereas the n-6/n-3 PUFA ratio was sig-
nificantly decreased.

Baseline 1 2 3 4 5 6 7
month 

207

126 119 112 110 112 101
117 132 113 109 112 120

254
215

280
257

225 215 232
207

167 159 164
147

133

450

400

350

300

250

200
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100

50

0
8 9 10 11 12

se
ru

m
 T

G
 le
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ls

 (m
g/

dl
) 

** **
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***
***

****** *** *** *** *** *** ***
*** *** ***

***

Fig.1. Change in serum TG levels by counseling for 12 months in the dietary and combined drug treatment groups

Values are means (n=59). The dietary therapy alone group included 47 subjects, and the combined drug treatment group included 12 
subjects. Data were analyzed by repeated measures ANOVA and Tukey’s post hoc test, and Friedman’s repeated measures ANOVA was 
used to analyze non-normal data, ＊＊: P＜0.01, ＊＊＊: P＜0.001, vs. Baseline. Triangle, dietary counseling alone group; circle, combined 
drug treatment group.
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baseline. Intakes of EPA, DHA, and EPA＋DHA were 
significantly increased at only 6 months. In the com-
bined drug treatment group, the n-6/n-3 PUFA ratio 
was significantly decreased at 6 months compared with 
baseline, whereas there were no significant differences 
in the other estimated nutrient intakes.

Serum FA levels in both groups are shown in 
Table 5. Five subjects who started taking EPA prepa-
ration (EPA ethyl ester) from 7 months onward were 
excluded from this analysis. DHA and n-3 PUFA weight 
ratios were significantly increased and monounsatu-
rated fatty acid (MUFA) weight ratio was significantly 
decreased at 6 and 12 months compared with baseline 
levels in the dietary therapy alone group. The PUFA/
SFA ratio was significantly increased, and SFA weight 
ratio was significantly decreased at 6 and 12 months 
compared with baselines in both groups. However, there 
were no significant changes in the EPA/AA and n-6/
n-3 PUFA ratios in both groups.

Discussion

We examined the influence of dietary counseling 

and HOMA-IR in the dietary therapy alone group were 
significantly lower compared with those of the com-
bined drug treatment group. In the dietary therapy 
alone group, body weight, BMI, AC, serum TG, RLP, 
sdLDL, LDL/HDL ratio, and non-HDL levels were 
significantly decreased, and serum HDL level was sig-
nificantly increased at 6 and 12 months compared with 
baselines. In the combined drug treatment group, there 
were significant decreases at 6 and 12 months in body 
weight, BMI, and AC compared with baselines similar 
to the dietary therapy group. After initiation of medi-
cal therapy at 7 months, there were significant reduc-
tions in serum TG, RLP, TC, sdLDL, and non-HDL 
levels compared with baselines at 12 months.

The estimated nutrient intakes in both groups 
for the entire study period of 12 months are shown in 
Table 4. In the dietary therapy alone group, intakes of 
total energy, carbohydrate, and SFA, and n-6/n-3 PUFA 
ratio showed significant reductions at 6 and 12 months 
compared with baseline levels. Furthermore, the car-
bohydrate/energy ratio was significantly decreased at 6 
months relative to baseline. The EPA/AA ratio was sig-
nificantly increased at 6 and 12 months compared with 

Table 3. Changes in the characteristics of the dietary and combined drug treatment groups from 0-12 months

Dietary counseling alone group Combined drug treatment group

Baseline 6 month 12 month Baseline 6 month 12 month

Mean±SD Mean±SD p＊ Mean±SD p＊ Mean±SD Mean±SD p＊ Mean±SD p＊

Age (year)

Sex (Male/Female)

BW (kg)

BMI (kg/m2)

AC (cm)

TG (mg/dl)

RLP (mg/dl)

TC (mg/dl)

LDL (mg/dl)

HDL (mg/dl)

sdLDL (mg/dl)

nonHDL (mg/dl)

LDL/HDL

PG (mg/dl)

IRI (µIU/ml)

HOMA-IR

hsCRP (mg/dl)

67±10

20/27

63.6±12.8

25.1±3.6

90.6±7.2

207±88

10.1±5.4

206±29

115±31

52±14

38.3±9.8

153±29

2.34±0.83

95±12

6.4±3.3

1.50±0.85

0.083±0.092

60.7±11.9

24.0±3.1

86.8±7.3

101±30

6.7±2.8

199±26

119±25

60±17

33.7±10.6

139±24

2.12±0.68

98±18

7.2±3.9

1.81±1.33

0.106±0.136

＜0.001

＜0.001

＜0.001

＜0.001

＜0.001

－

－

＜0.001

0.003

＜0.001

0.002

－

－

－

－

59.8±11.5

23.6±3.0

86.2±7.1

120±44

7.5±3.6

196±28

113±24

59±18

33.2±11.7

137±25

2.09±0.73

96±15

6.5±3.1

1.56±0.79

0.092±0.120

＜0.001

＜0.001

＜0.001

＜0.001

＜0.001

0.037

－

＜0.001

0.001

＜0.001

＜0.001

－

－

－

－

69±12

7/5

64.5±7.8

25.8±1.9

93.1±6.0

254±93#

21.4±9.7#

215±30

129±32

43±7#

51.0±16.1#

172±29#

3.07±0.82#

109±13#

9.2±3.9#

2.55±1.32#

0.125±0.134

62.1±7.3

24.8±2.0

89.8±7.2

232±84#

18.9±6.7#

199±19

119±22

42±4#

47.1±11.4#

158±19#

2.93±0.73#

107±13#

11.3±7.1#

3.02±1.93#

0.212±0.204

＜0.001

＜0.001

0.020

－

－

－

－

－

－

－

－

－

－

－

－

61.2±7.9

24.4±2.3

89.1±5.7

133±36

9.1±3.7

192±24

118±19

47±6#

36.2±10.8

144±22

2.51±0.44

106±18

8.7±3.9

2.38±1.38#

0.124±0.138

＜0.001

＜0.001

0.001

＜0.001

＜0.001

0.005

－

－

0.005

＜0.001

－

－

－

－

－

Values are means±SD (dietary counseling alone group: n=47, combined drug treatment group: n=12). Comparisons of the two groups were per-
formed by repeated measures ANOVA and Tukey’s post-hoc tests, and Friedman‘s repeated measures ANOVA was used to analyze non-normal data. 
For the comparison between groups, unpaired Student’s t -test was used for data of normal distribution and Mann-Whitney U -test was used for non-
normal distributed data, #: p＜0.05. p＊: vs baseline.
BW, body weight; BMI, body mass index; AC, abdominal circumference; TG, triglyceride; RLP, remnant lipoprotein; TC, total cholesterol; LDL, 
low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; sdLDL, small dense LDL; PG, plasma glucose; IRI, insulin; hsCRP, 
high sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment of insulin resistance.
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in serum TG level and increase in serum HDL level 
observed in this study are consistent with the previ-
ously reported data. In this study, intake of carbohy-
drates was decreased by approximately 15%, and in-
take of DHA and EPA＋DHA were significantly in-
creased. Thus, these improvements in diet are consid-
ered to have contributed to the reduction in serum TG 
levels observed in our subjects.

Serum TG levels were significantly decreased in 
the dietary therapy alone group, whereas there were no 
significant reductions in the combined drug treatment 

for 6 months on serum TG level and various parame-
ters, and found that serum TG levels were significantly 
decreased and serum HDL levels were significantly in-
creased after 6 months of dietary counseling as com-
pared with before the intervention. Moreover, intake of 
carbohydrates was significantly decreased at 6 months 
compared with baseline (Table 2). In a previous meta-
analysis of clinical trials, it was reported that replacing 
5% of energy intake in the form of carbohydrates with 
SFA, MUFA or PUFA decreased serum TG level and 
increased serum HDL level19). A significant reduction 

Table 4. The estimated dietary nutrients assessed by following counseling for 12 months in the dietary and combined drug treat-
ment groups

Dietary counseling alone group Combined drug treatment group

Baseline 6 month 12 month Baseline 6 month 12 month

Mean±SD Mean±SD p＊ Mean±SD p＊ Mean±SD Mean±SD p＊ Mean±SD p＊

Energy (kcal)

Protein (g)

Fat (g)

Carbohydrate (g)

P % En (%)

F % En (%)

C % En (%)

alcohol (g)

cholesterol (mg)

SFA (g)

MUFA (g)

n-3PUFA (g)

n-6PUFA (g)

SFA % En (%)

palmitic acid (mg)

palmitoleic acid (mg)

stearic acid (mg)

oleic acid (mg)

linoleic acid (mg)

α-linolenic acid (mg)

γ-linolenic acid (mg)

AA (mg)

EPA (mg)

DHA (mg)

EPA＋DHA (mg)

PUFA/SFA

n-6/n-3 PUFA

EPA/AA

NaCl (g)

1686±418

66.0±19.1

48.9±16.3

225±57

15.8±2.7

26.0±5.4

53.6±7.5

9.2±17.7

318±149

13.1±5.5

17.3±6.2

2.8±0.9

9.2±2.8

6.9±2.0

7582±2931

759±297

2706±1139

15288±5722

8914±2712

1464±477

9±6

149±60

404±220

644±324

1048±543

1.0±0.3

3.4±0.9

2.8±1.3

10.8±3.0

1489±375

65.0±19.0

43.4±14.7

189±50

17.8±4.3

26.2±5.5

51.2±8.4

8.8±17.0

306±141

10.9±4.1

15.2±5.5

3.0±1.2

8.1±3.0

6.6±1.7

6466±2338

799±315

2269±913

12794±4958

7783±2975

1252±511

9±4

144±74

517±328

857±458

1374±777

1.1±0.3

2.8±0.9

3.7±1.4

10.4±2.8

0.002
－

－

＜0.001

＜0.001
－

－

－

－

0.006

0.043
－

0.023
－

0.005
－

－

0.001

0.017

0.017
－

－

0.046

0.003

0.009
－

＜0.001

＜0.001
－

1479±426

64.0±20.8

44.8±16.7

184±51

17.7±4.9

27.3±6.5

50.2±9.3

7.7±18.8

300±151

11.3±5.0

15.6±6.3

3.0±1.1

8.6±3.2

6.8±2.0

6646±2685

776±322

2346±1049

13562±5675

8342±3084

1367±549

9±5

152±70

496±244

786±373

1282±615

1.1±0.3

3.0±0.9

3.4±1.2

10.3±3.1

0.001
－

－

＜0.001

0.001
－

0.008
－

－

0.036
－

－

－

－

0.031
－

－

－

－

－

－

－

－

－

－

－

0.013

0.010
－

1574±404

67.0±24.4

45.7±17.2

217±52

16.9±4.2

25.6±5.2

56.0±8.3

1.2±4.1#

338±206

11.7±5.5

15.7±6.1

2.6±1.0

9.6±3.4

6.6±2.1

6922±2885

671±305

2442±1055

14099±5654

9297±3292

1502±574

7±5

139±68

347±229

549±341

896±569

1.1±0.4

3.9±0.8

2.5±1.1

10.9±3.1

1340±328

60.7±26.6

35.9±13.7

189±35

17.5±3.5

23.7±4.7

57.3±7.7#

0±0.1#

288±182

8.3±3.2#

12.0±4.6

2.6±1.3

7.4±2.6

5.5±1.1#

5221±1985

654±349

1773±690

10023±3599

7166±2529

1101±402

7±4

138±76

471±328

739±517

1209±844

1.2±0.2

3.1±0.8

3.3±1.2

10.0±4.0

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

0.026
－

0.041
－

－

－

－

－

－

0.031
－

－

1418±349

62.1±20.3

40.3±13.0

196±49

17.4±3.4

25.4±4.2

55.4±7.0

0.2±0.7

294±125

9.5±3.4

14.1±4.6

2.6±1.1

8.4±2.5

5.9±0.9#

5926±2023

698±292

2080±700

12188±3912

8125±2455

1299±409

7±4

139±52

405±228

646±341

1051±568

1.2±0.3

3.4±0.7

2.8±1.1

10.0±2.9

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

－

Values are means±SD (dietary counseling alone group: n=47, combined drug treatment group: n=12). Comparisons of the two groups were per-
formed by repeated measures ANOVA and Tukey’s post-hoc tests, and Friedman‘s repeated measures ANOVA was used to analyze non-normal data. 
For the comparison between groups, unpaired Student’s t -test was used for data of normal distribution and Mann-Whitney U -test was used for non-
normal distributed data, #: p＜0.05. p＊: vs baseline. P% En, energy ratio of protein; F% En, energy ratio of fat; C% En, energy ratio of carbohy-
drate. PFC ratio did not include % energy of alcohol. SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty 
acid; AA, arachidonic acid; EPA, eicosapentaenoic acid; DHA docosahexaenoic acid.
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the combined drug treatment group during the study 
period (Table 2). Therefore, it was suggested that the 
decrease in serum TG levels observed in combined 
drug treatment group was not the additive effect with 
diet therapy but the effect of medication alone.

This was consistent with previous results that 
showed that fibrates and statins, which are included in 
the medications for dyslipidemia, could reduce serum 
TG levels by 30%–50% and 10%–30%, respectively25). 
In this study, we could not compare the independent 
effects between dietary therapy and drug therapy because 
the patients who received drug therapy alone were not 
included in the analysis. However, it has been reported 
that intervention of lifestyle habits alone, such as dietary 
counseling for patients with diabetes, lead to effects 
comparable with medical therapy26, 27). The data pre-
sented here showed that dietary therapy alone can lower 
serum TG levels as evidenced by a 47.1% reduction 
from baseline to patient’s 6 months. Furthermore, the 
effect of dietary therapy alone on reducing serum TG 
levels was comparable with that of medication since 
the rate of change in serum TG levels from baseline to 
12 months was similar between the dietary therapy 
alone group (－38.8%) and the combined drug treat-
ment group (－44.6%; p=0.373). In a previous study, 

group during the first 6 months of the study compared 
with baselines (Fig.1). In the dietary therapy alone 
group, intakes of total energy and carbohydrates were 
significantly decreased, whereas the EPA/AA ratio was 
significantly increased at 6 months compared with base-
lines, whereas there were no differences in the estimated 
nutrient intakes in the combined drug treatment group 
(Table 4). Thus, although all subjects received dietary 
counseling, the reduction in serum TG levels in the 
dietary therapy group during the first 6 months of the 
study period could be attributed to behavioral modifi-
cation resulting in adequate implementation of the treat-
ment throughout the intervention period, which was 
not observed in the combined drug treatment group. 
However, patients in the combined drug treatment group 
were placed on medication from 7 months onwards, 
which led to significant reductions in serum TG levels 
every month thereafter. Previous studies reported that 
activation of LPL and beta-oxidation of FAs were 
intensified20, 21), and serum VLDL concentration and 
TG content in VLDL were decreased22) by activation 
of PPARα with fibrates. Ferramosca et al. reported that 
de novo synthesis of TG in the liver was enhanced with 
a high carbohydrate diet23, 24); however, there was no 
significant change in the intake of carbohydrates in 

Table 5. Serum fatty acid levels in the dietary and combined drug treatment groups from 0-12 months

(weight %)

Dietary counseling alone group Combined drug treatment group

Baseline 6 month 12 month Baseline 6 month 12 month

Mean±SD Mean±SD p Mean±SD p Mean±SD Mean±SD p Mean±SD p

palmitic acid

palmitoleic acid

stearic acid

oleic acid

linoleic acid

γ-linolenic acid

α-linolenic acid

dihomo-γ-linoleic acid

AA

EPA

DHA

SFA

MUFA

n-3PUFA

n-6PUFA

EPA/AA

n-6/n-3 PUFA

20.17±2.98

2.37±0.86

8.57±1.20

22.05±2.38

27.80±4.34

0.36±0.17

0.95±0.30

1.25±0.43

6.22±2.20

2.77±2.01

4.74±1.50

29.84±3.12

24.81±2.94

9.33±3.15

35.96±5.58

0.55±0.57

4.36±1.69

18.50±1.96

2.01±0.80

8.44±1.46

20.20±2.36

29.83±3.45

0.30±0.14

0.85±0.26

1.16±0.37

7.06±1.93

3.32±2.16

5.72±1.43

27.87±1.88

22.62±2.76

10.81±3.25

38.64±4.20

0.53±0.42

4.03±1.77

0.001

＜0.001

－

＜0.001

＜0.001

0.001

0.014

－

＜0.001

0.036

＜0.001

＜0.001

＜0.001

0.001

＜0.001

－

－

19.52±2.10

2.10±0.88

7.68±1.57

21.22±2.51

28.97±3.65

0.34±0.17

0.96±0.30

1.18±0.30

6.58±1.83

2.92±1.73

5.68±1.42

28.18±1.79

23.68±3.01

10.68±2.98

37.39±4.30

0.52±0.45

3.84±1.39

－

0.001

＜0.001

0.031

－

－

－

－

－

－

＜0.001

＜0.001

0.005

0.002

－

－

－

23.43±2.41

2.47±1.07

7.61±1.37

24.45±2.16

24.21±3.34

0.35±0.13

1.18±0.38

1.11±0.29

4.68±1.07

2.69±1.63

4.99±1.52

32.37±2.94

27.31±2.83

9.69±3.32

30.63±3.98

0.66±0.59

3.47±1.14

19.28±1.87

2.13±0.59

7.88±1.52

23.75±1.99

28.26±3.30

0.37±0.15

1.37±0.74

1.21±0.24

5.63±1.20

2.05±0.80

5.28±1.63

28.42±2.19

26.29±1.79

9.49±2.42

35.75±3.23

0.38±0.16

4.03±1.30

＜0.001

－

－

－

0.001

－

－

－

0.042

－

－

0.004

－

－

0.001

－

－

19.13±1.14

2.68±1.03

8.21±1.22

22.66±1.49

25.82±3.07

0.51±0.19

0.84±0.38

1.66±0.49

7.18±0.98

2.81±1.67

5.90±1.36

28.25±0.86

25.70±2.16

10.43±2.69

35.57±3.28

0.39±0.21

3.66±1.20

＜0.001

－

－

－

－

－

－

0.043

＜0.001

－

－

0.003

－

－

0.002

－

－

Values are means±SD (dietary counseling alone group: n=47, combined drug treatment group: n=7). Data were analyzed by repeated measures 
ANOVA and Tukey’s post-hoc test, and Friedman’s repeated measures ANOVA was used to analyze non-normal data. SFA, saturated fatty acid; 
MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; AA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic 
acid.
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SFA weight ratios at 6 and 12 months were signifi-
cantly decreased compared with baselines in both groups. 
Furthermore, serum DHA and n-3 PUFA weight ratios 
in the dietary therapy alone group and serum n-6 
PUFA weight ratio in the combined drug treatment 
group were significantly increased at 6 and 12 months 
compared with baselines (Table 5). In addition, there 
were significant increase in the intake of EPA relative 
to AA and decrease in the intake of n-6 PUFA relative 
to n-3 PUFA of dietary fat in the dietary therapy 
alone group, whereas the intake of n-6 PUFA as com-
pared with n-3 PUFA ratio had a tendency to increase 
in the combined drug treatment group during the inter-
vention period compared with baselines (Table 4). These 
results suggest that patients in the diet therapy alone 
group may have been more aware of the increase in 
dietary fat containing n-3 PUFA. Nevertheless, there 
were no significant changes in the serum EPA/AA ratio 
in both groups (Table 5), and it was considered that 
more intake of EPA was needed to change serum EPA/
AA ratio. It has been reported that eicosanoids derived 
from n-6 PUFA AA are pro-inflammatory and vaso-
constriction inducible, whereas those derived from EPA 
have cardioprotective effects by opposing the effects 
induced by AA34); consequently, the quality of the PUFA 
is important35). Thus, it is necessary to focus on the 
quality of the FA during dietary counseling.

Conclusions

In this study, there was about 40% decrease in 
serum TG level in the dietary therapy alone group 
after 12 months of evidence-based dietary counseling 
in line with the guidelines. It is important that the 
effects of intervention by dietary counseling are publi-
cized to spread its importance and benefits, including 
lack of side effects and reduction in medical expenses, 
for hypertriglyceridemia to heighten its awareness to 
other medical workers and patients in order to encour-
age its use. This study provides strong evidence that 
highlight the importance of dietary therapy for hyper-
triglyceridemia.
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only 30% of patients achieved the target serum TG 
level of below 1.7 mmol/L by fenofibrate therapy com-
bined with a single lifestyle intervention28). However, 
76% of subjects in this study achieved the target level 
at 12 months, an achievement rate that was remark-
able. Thus, it is important to continue providing dietary 
counseling to all patients regardless of therapeutic reg-
imen. With the revision of the medical treatment fee 
in 2016, the importance of nutrition management in 
medical care was demonstrated, and the number of 
insurance points for nutritional instruction fee of out-
patients also increased. These results suggest that dietary 
therapy can replace medications in some cases of hyper-
triglyceridemia with the objective of reducing medical 
expenses.

We observed that the number of patients with 
serum TG levels of 151–200 mg/dL at baseline was 
81% at the target serum TG level (＜150 mg/dL) at 6 
months, on the other hand, those with serum TG lev-
els greater than 200 mg/dL, only 50% of patients have 
cleared the target serum TG level. The improvement 
in hypertriglyceridemia by dietary therapy alone was 
observed in mild cases of hypertriglyceridemia, and 
the decrease in serum TG level was maintained for a 
long period of time. It should be noted that dietary 
therapy is the first choice of treatment for patients 
with mild hypertriglyceridemia. In addition, it is sug-
gested that dietary modifications in combination with 
medical therapy are more effective for patients with 
severe hypertriglyceridemia.

Body weight was significantly decreased at 6 and 
12 months in both groups compared with baseline 
(Table 3), and the reductions in body weight were 
maintained for a long period of time. Obesity is con-
sidered an independent risk factor for cardiovascular 
disease, and it has been reported that it can promote 
arteriosclerosis indirectly through dyslipidemia, impaired 
glucose tolerance, and hypertension and directly through 
adipocytokines such as TNF-α and free FA29-32). Med-
ication alone does not appear to affect body weight, as 
it has been reported that only 0.55% and 0.36% of 
patients in the statin monotherapy group and the statin 
plus fibrate combination therapy group had body weight 
loss, in a follow-up study that evaluated the effective-
ness of monotherapy and combination therapies for 
cardiovascular outcomes in patients with type 2 diabe-
tes33). Although there are few medical intervention 
studies that emphasized body weight, it is safe to 
assume that the reduction in body weight observed in 
both groups of our study were caused by dietary mod-
ifications via therapeutic counseling, which is the big-
gest strength of the dietary therapy in comparison with 
the medical therapy.

With regard to serum lipid composition, serum 
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