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Characteri

Visceral fat area improvement rate/ ABW at week 24
was significantly higher in FD than in CD (2.37 vs 1.34%,
p=0.029).

HbA,. improvement rate/ABW were significantly
higher in FD than in CD at weeks 16 and 24 (week 16: 2.74
vs 1.63%, p=0.030; week 24: 2.2 vs 1.10%, p=0.032).

Among the lipid components (Table 4), non-HDL
cholesterol improvement rates/ABW were not signifi-
cantly different between FD and CD at weeks 8, 16 and
24. Triglyceride improvement rate/ ABW was significantly
greater in FD than in CD at week 8. HDL-cholesterol
improvement rate/ ABW was higher in FD than in CD at
week 24.

el assessment of ins

Analysis of diet components at week 16

Table 5 shows the analysis of food records at week
16 in 44 subjects (22 in FD, 22 in CD) in one institu-
tion. Mean total calorie intake was significantly lower
in FD than CD (1574 vs 1386 kcal/day, p=0.037). Mean
protein intake was higher in FD than in CD (73.4
vs 62.3g, p=0.019). Fat was not different between
two groups (53.1 vs 48.5, p=0.23). Carbohydrate
was significantly lower in FD than in CD (164 vs
212g, p=0.032). Mean protein:fat:carbohydrate ratio
(PFC ratio) was 21+43.2:31+6.4:47+8.2 in FD, and
16 £4.1:33+4.1:54£12 in CD.



eb0

K. Shirai et al.

Table 3.2  The changes of cor“onf,akr:y risk fattors. ,

Formula diet

Characteristics - Conventional diet , p-Value
' ~group (CD) group (FD) .
n=110 n=119
LDL cholesterol (mg/dl) : ' ,
8W 5.2 £17.3" 6.2+ 21.9" 0. 701 (NS)
16w . . -7.8419.5" ~7.0 +25.7" 0.798 (NS)
- 24W —2.7+221 —3 2 ize 3 0. 881 (NS)
Tnglycende (mg/dl) ¢ : £
8w ‘ -9.2+71.6 ~19.7 + 54.2" 0. 212 (NS)
6w o 123+ 1171 -16.2 4+ 85.5" 10.037
4w . —1.1+81.9 ~22.6 + 60.4 0. 025
HDL cholesterol (mg/dl) e Do ,
—1.0+58 0.0,33
. -02+6.8 0.023
o —2~8i7'f3*f' 00001
: —103ﬂ:251 OOZ(NS)k
~ 0.272 (NS)

.

0 0 :i: 14 o 0934(NS)

02420 0770 (NS)
0. 5 ac 2. z ~ 0.761 ‘;(;NS’)}

- £10.4 i 0,979 (NS)
3941207 10.790 (NS)
56% 128

- 'o 756 (NS)‘

: p‘< 0 05 compared wzth baselme ;
p < 0 005 compared w1th basellne NS not mgmﬁcant

Changes in medications (Table 6)

The changes of medicines after this intervention study
are shown in Table 6. As for Insulin therapy, insulin dose
was reduced in 9/26 patients in CD and 17/20 patients
in FD, not significant. As for sulfonylureas, discontinued
persons were 3/51 in CD, and 20/57 in FD (p<0.02).
Reduced persons were 3/51 in CD, and 11/51 in FD
(p<0.05). As for thiazolizine, discontinued persons were
4/24 in CD, and 12/27 in FD (p<0.01).

As for statins, ceased case was 4/11 in CD, and 4/13
in CD, 45 in FD.

As for angiotensin 2 receptor blockers, discontinued
case was 3/12in CD, and 4/20 in FD. As for calcium chan-
nel blockers, discontinued case was 2/21 in CD, and 4/21
in FD.

Clinical laboratory data and absence of
adverse effect (Table 7)

Serum total protein did not change in CD and FD dur-
ing 24 weeks. Liver function tests such as aspartate
aminotransferase (AST), alanine aminotransferase (ALT)

and gamma-glutamyl transpeptidase did not change. Uric
acid, blood urea nitrogen and creatinine also did not
change in both groups.

Red blood cell and white blood cell counts remained
unchanged in both groups. No subject showed elevated
AST or ALT to higher than normal levels during this study
in both FD and CD. Abnormal clinical sign and symptom
were not observed. Especially, mental problems were not
observed.

Discussion

Body weight reduction was achieved with both FD and CD,
but the magnitude of reduction was greater in FD than in
CD throughout the intervention period up to week 24.
Significant visceral fat area reduction was only observed
in FD, and subcutaneous fat area also decreased signifi-
cantly only in FD (Table 3.1).

Fasting glucose was reduced in both FD and CD, but the
reduction tended to be greater in FD, although not signifi-
cantly (Fig. 2A). HbA. reduction was observed in both FD
and CD, and the decrease was significantly greater in FD
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Formula

than in CD (Fig. 2B). As for coronary risk markers, systolic
blood pressure decreased significantly only in FD (Fig. 1B
and C). Triglycerides decreased to a greater extent in FD
compared with CD at weeks 16 and 24. HDL-cholesterol
was significantly increased only in FD on week 24 from
base line (Table 3.2).

Several factors may account for why FD was more
effective than CD in achieving body weight reduction.
First, the actual calorie intake was probably lower in FD
than in CD (Table 5), although the prescribed total calorie
intake was the same. Actually, the calorie intake cal-
culated from the food records was almost 200 kcal/day
less in FD. Future research is needed to investigate
the reduced energy intake in recipients of FD. These
participants may have restricted intake energy because
of limited food choice, or the low-carbohydrate diet

may have an appetite suppressing effect [29]. Second,
the compositional difference between FD and CD may
affect weight reduction. The ratios of protein to carbo-
hydrate and to fat were high in FD than in CD. Several
reports [19—22] have shown that a high-protein and low-
carbohydrate diet achieves greater weight loss and more
favorable metabolic effects in 6—12 months.

The third factor might be motivation. The greatest
weight loss was observed during the first 1—2 months, and
the resulting sense of achievement might have motivated
the subjects to continue diet therapy using formula diet.
However, precise data is not available.

Generally, FD improved coronary risk markers more
than CD did. A greater body weight reduction achieved
with FD than CD might contribute to these improvements.
However, other possibilities should also be examined.
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Table 6 The changes of administered drugs after intervention of diets.

- ~qumu1a‘k'dkie/t; thup‘ ‘(n:=:k1‘19)'

Useddrugs  Conventional diet group (n=110)
o  Administered case  Reduced DiScontinUéd ,',Adm“i'histékred  Reduced ‘Dis"c:dhtinue
oo cese case. . casel _case  case
v 19 9 0 0 70
Sulfonylureas 51 3 3 57 1 200
Thiazolizine 24 0 4 7 0 12
Biganides ky 0. o 33 4 4
15 0 - 0 o 0 0
6 b 0 0
5 . 0 0
4

For example, FD might improve metabolic parameters
by itself. To confirm this hypothesis, we calculated the
improvement rates (%) of parameters per 1% body weight
reduction among high risk subjects.

As shown in Table 4, visceral fat area, sys-
tolic and diastolic blood pressures, HbA;., non-HDL-
cholesterol, triglyceride and HDL-cholesterol showed
greater improvement rates in FD than in CD, with signif-
icant improvements in most parameters (HbA;. at weeks
16 and 24, triglyceride at week 8, and HDL-cholesterol
at week 24). Considering that insulin, sulfonylurea and
thiazolidinedione dose reductions were clearly more
prominent in FD than in CD during intervention, these
data might suggest that FD per se has some ameliorating
effect on metabolic parameters. One possible explana-
tion might be due to the compositional differences in
protein, fat and carbohydrate between FD and CD. FD
is rich in protein and poor in carbohydrate. The effect of
FD might be consistent with the findings for high-protein
and low-carbohydrate diets [22,30,31].

In addition, as for improvement of blood pressure,
sodium salt restriction might be involved, because for-
mula diet contained only 320 mg sodium salt/pack. When
one pack of formula diet was taken in place of conven-
tional diet, 2—3 g of sodium salt might be restricted.

It is reported that diet-induced weight loss results
in a decrease in a plasma leptin concentration [32]. In
our study, leptin level decreased in FD, but not in CD
(Table 3.2). The reason why leptin increased in CD, espe-
cially at 24 weeks is unclear, but a little body weight gain
compared to 12 weeks might be involved. Adiponectin
[25,26] and lipoprotein lipase mass [27,28] are consid-
ered to be markers of insulin sensitivity. Both markers
were increased by both diet therapies (Table 3.2). But,

the improving degrees of both marker were not differ-
ent each other significantly, although those of FD looks
better. HOMA-IR also looked better in FD than in CD
(Table 3.1), but the difference was not significant. The
effect of FD on the expression of those markers seemed
not so greater than that of CD. The effect of FD on
the improvement rates of cardiovascular risk markers as
shown in Table 4 might be mainly due to energy restric-
tion, itself.

Further studies are required to elucidate the precise
mechanism by which FD ameliorates coronary risk fac-
tors.

Limitations: There were some limitations in this study.

1. The achievement of dose reduction or discontinuation
of sulfonylurea and thiazolidinedione was greater in
FD than CD (Table 6). Therefore, the real metabolic
parameter changes in FD would be much better than
the changes obtained in the present studies. How-
ever, further studies are required to substantiate this
conjecture.

2. Analysis of dietary composition during the period of
intervention was done using the food records at one
point in one institute.

3. We found no serious adverse effect of the formula
diet during the study period, but our data do not pro-
vide information on long-term effects or occasional
dangerous adverse effects.

4. The term of this study is 24 weeks. The real effect
of this method should have to be evaluated after a
few years with following clinical events. Based on this
study, such long term study might be worthwhile.
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Conclusion

Weight reduction was greater using the formula diet
MicroDiet® once a day in combination with low-caloric
diet than conventional low-caloric diet alone. Further-
more, improvement rates of metabolic parameters per
weight reduction appeared to be superior to conventional
Japanese low-caloric diet, in addition to the reduction or
discontinuation of sulfonylureas and thiazolizine. These
results suggest that subcaloric diet therapy using formula
diet once a day may be useful tool for weight control and
improvements of metabolic parameters in obese diabetic
patients.
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