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Diet and exercise could be an essential part of the treatment of non-insulin dependent
diabetes mellitus (NIDDM). The effects of a strict dietary restriction (800-1.200 Kcal/day)
with exercise (2-hour walk per day) on glycemic control were:evaluatedin NIDDM patients.
A short-term study was performed on 147 cases. In these cases, the duration of hospitaliza-
tion was 7-14 days. We achieved glycemic control (fasting blood sugar (FBS) less than 140
mg/dl) in 112 cases (76%). Among them, 78 (63%) were controlled with diet and exercise
only and in 34 (23%). control was induced with oral gliquidone treatment for about 5 days
A long-term study was done on 76 cases who followed our program for from 1 to 12
months (mean : 3.8 months) after discharge. Glycemic control was maintained in 56 (74%)
in spite of the insignificance of the amount of weight reduction. Glycemic control was
significantly related to the duration of diabetes, diabetic complications and the peak
C-peptide level, but was unrelated to the initial body weight, FBS levels and HbA, levels
These data indicate that a program of diet and exercise must be an integral part in the
treatment of NIDDM. This was true, especially, for patients who have had adequate insulin
secretory capacity. few diabetic complications, short duration of disease, and no previous

history of oral hypoglycemic agents or insulin therapy.
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INTRODUCTION

The majority of patients with diabetes mellitus
(DM) are classified as non-insulin dependent
diabetes mellitus (NIDDM). This group retains
significant endogenous insulin secretory capacity.
Although oral hypoglycemic agents or insulin may
be necessary for the glycemic control of NIDDM in
some patients, diet and exercise could be an
essential part of treatment! ® However, there
have been few reports from Korea on the effects
of diet and exercise as therapy for the control of
DM.

in this paper, the effect of strict diet and exer-
cise therapy on glycemic control studied in 147
NIDDM patients is reported. An effort was made to
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find other possible factors related to glycemic
control.

SUBJECTS AND METHODS

1. Subjects

The subjects were 147 NIDDM patients, which
included 71 males and 76 females, 98 non-obese
NIDDM and 49 obese NIDDM. They had been
admitted to Severance Hospital in the Yonset
University Medical Center during the period rang-
ing from February 1984 to April 1985. All subjects
were classified according to the National Diabetes
Data Group protocol.® Ages ranged from 26 to 67
years (mean: 54.5 years). Subjects with concomi-
tant infection, diabetic nephropathy (urine protein
more than 550mg/24 hours),” diabetic gangrene.
coronary heart disease or cerebrovascular dis-
ease were excluded.
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2. Methods

All of the subjects were placed on a restricted
diet with vitamin supplements and were advised to
exercise. According to their body weight, the
caloric intake, adjusted to 800-1,200Kcal/day, was
50% carbohydrate (CHO), 30% fat and 20% pro-
tein. The exercise schedule consisted of walking
for more than 2 hours a day. Fasting blood sugar
(FBS) and body weight were monitored every
morning. FBS under 140mg% was decided upon
as signtying that the disease was being
under control. The subjects whose FBS indicated
control were defined as a success group, and the
others which were brought under control with oral
hypoglycemic agents (gliquidone) became
members of the group after 5 days of treatment.
The subjects who were given hypoglycemic
agents were subdivided into an induction group
and a failure group, according to their FBS levels.
The subjects of the success group and the
induction group were together considered to be
the short-term success group. They were
encouraged 1o exercise and stay on a strict diet
after discharge. Among the subjects followed for
more than 1 month (range: 1-12 months, mean 3.8
months), the long-term success group was se-
parated from the long-term failure group by their
FBS levels (Fig. 1).

The body weight percentages were calculated
as follows :
BW(%)=present BW (kg)/
((height{cm)—100) x 0.9} x 100
Statistical analysis were done, using the Stu-
dent's t-test and the chi-square. Significance was

Table 1. Age and Sex Distribution

Non-obese Obese
Age(yrs) NIDDM NIDDM Total
Male Female Male Female
20-29 0 2 0 0 2
30-39 4 2 1 0 7
40-49 15 10 2 7 34
50-59 25 17 6 15 63
60-69 15 8 3 15 4
Total 59 39 12 37 147

Table 2. Glycemic Control during Hospitalization

Short-term
success group Failure

Type Success induction group Total
group  group
Non-obese
NIDDM 56 16 26 98
Obese
NIDDM 22 18 9 49
Total(%) 78(53) 34(23) 35(24) 147

Evaluation :
Previous history of therapy
Height & body weight
Diabetic compiications
Biood chemistry

~ i
. Diet(800-1,200Kcal/d) &

| exercise

FBS < 140mg/d!

Stay o}w diet &—ﬁ

| exercise
—

(Succesé group)

Add oral gliquidone

FBS >140mg/dl
(Failure group)

Stay on a diet & exercise
i without gliquidone

(induction group)

Fig. 1. Therapeutic approach of NIDDM patients
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Table 3. Glycemic Control in Long-term Follow-up

Study
Success Failure

Type group group Total
Non-obese
NIDDM 31(66)* 16(34)  47(100)
Obese
NIDDM 25(86) 4(14y  29(100)
Total 56(74) 29(26)  76{(100)

( )*: Means percent of total patients

set at the .05 level. Values are expressed as
mean+S.D. in the tables.

RESULTS

The short-term success group totaled 112
cases (76%). This included 78 cases {53%) who
belonged to the success group and 34 cases
(23%) who belonged to the induction group
(Table 2). The long-term success rate in cbese
NIDDM patients was slightly greater than that of
non-obese NIDDM patients, but not significantly

Table 4. Body Weight Changes

Body weight (% of ideal weight)

Weight loss
Discharged Long-term
103.1+79 22+188
1050+76 103.0+£85 3.0+278S
102.0+7.4 1.4+128
103.2+79 103.1+9.1 15+138S
124.0+94 45+288&
124.9+10.2 120.3+11.9 10.4+4 6&&
1250+92 59+21&
128.3+12.3 120.0+6.2 6.8+0.6&&

Type
Initial
Non-obese NIDDM
Success group
Short-term 150.4+81*
Long-term 106.0+7.4**
Failure group
Short-term 103.3+7.6*
Long-term 1046+8.7**
Obese NIDDM
Success group
Short-term 128.9+9.4=
Long-germ 130.3+10.5==
Failure group
Short-term 1311 +7.4=
long-term 127.0+82zz
* ** o p>.05 z zz o p>»05
$ 8% p>.05 & &&: p>.05

Table 5. Duration of Diabetes

Duration (yrs)

Type ——
Success group  Failure group

Non-obese NIDDM
Short-term

41+3.2*
23417

76+63*

Long-term 79+71**

Obese NIDDM
Short-term
Long-term
*p<.05
** p<.05

I p<.05

L p<.05

44+27z
26+2 1=z

85+76=
6.7+1.2zz

=1

T
13
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Table 6. Previous History of the Treatment for Diabetes

Orat agents and. or insulin(%)

Type

Success group  Failure group

Non-obese NIDDM
Short-term 3t * 89 *
Long-term 23 ** 75 **
Obese NIDDM
Short-term 35 ¢ 67 #
Long-term 32 #u 100 ##

*: p<.05
**: p<.05
1 p<.05
Cp<.05

!

3t
k2l
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so (Table 2. 3). Our program did not result in
significant weight reduction in any groups (Table
4).

Table 7. The Prevalance of Chronic Diabetic Compli-
cations

Neuropathy and or
retinopathy{%)

Success group  Failure group

Non-obese NIDDM

Short-term 40 * 73
Long-term 29 ** 63 **
Obese NIDDM
Short-term 30 = 78 =
Long-term 32 o= 75 =z
o pel .05
e 05
= p<.05
== p<.05

Table 8. Initial Fasting Blood Glucose Levels

Fasting blood glucose

Type fevel (mg./dl)

Success group  Failure group
Non-obese NIDDM

Short-term 198.7+52.7* 226.5+70.6*
Long-term 208.1+50.4** 1987 +51.9**
Obese NIDDM
Short-term 2265454 .5z 2135+ 70.6:=
Long-term 206.9+63.2=x  219.0+73.6:=
*p»05
** o p.- 05
= p» 05
- p .05

Table 9. Initial HbA,  Levels

In both types of NIDDM, the duration of DM in
the short-term and long-term success groups was
significantly shorter than that in the short-term and
long-term failure groups (Table 5). Previous
history of having taken oral hypoglycemic agents
and complications in the short-term and the long-
term success groups was significantly more
numerous than those in the short-term and the
long-term failure groups (Table 8, 7).

There were no significant differences in initial
FBS and HbA, levels among the different groups
(Table 8, 9). There was no significant difference
between the basal or the peak C-peptide levels of
the short-term success and those of the short-
term failure groups of both types of NIDDM (Table
10). However, the peak C-peptide levels of the
long-term success groups were significantly
higher than those of the long-term failure groups
(p <.05) (Table 11).

Table 10. Basal and Peak Serum C-peptide Levels in
Short-term Success and Failure Groups

C-peptide level (ng/ml)

Type
Basal Peak
Non-obese NIDDM
Success group 2.23+0.86* 525+254x
Failure group 201+0.71* 3.44+0.81;
Obese NIDDM
Success group 2.36+097** 53841.75¢x
Failure group 2194124+ 3.89+161s%
*p>».05
**p>05
= p>.05
szop> .05

Table 11. Basal and Peak Serum C-peptide Levels in
Long-term Success and Failure Groups

HDA,| ¢ level (%)
Type e
Success group Failure group
Non-obese NIDDM
Short-term
Long-term
Obese NIDDM
Short-term 85+12: 87+14z
Long-term 82+124n 85+ 1 1=x

85+15"
91+18*"

93+15"
86+1.4*

*p>».05
**:p>.05
z: p>»05
zz: p>.05

C-peptide level (ng/ml)

Type
Basal Peak
Non-obese NIDDM
Success group  2.26+0.94* 59342944
Failure group 1.78+0.45* 3.19+0.89%
Obese NIDDM
Success group 2.37+0.75** 595420141
Failure group 1.88+0.40** 3.65+0 4148
*:p>.05
** p>.05
¥ p<.0b
zi p< .05
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DISCUSSION

Insulin resistance and, to a lesser extent, the
reduced secretion of insulin are known to be the
central pathogenic mechanisms of NIDDM.8-1%
These patients seldom develop ketosis. even in
the absence of insulin therapy and are not depen-
dent on exogenous insulin for immediate survival.
In view of this, the addition of a program of regular
exercise to dietary restriction and weight reduc-
tion could be an integral part of the treatment of
NIDDM. 14

A strict caloric restriction could result in weight
reduction, improved insulin secretion, improved
insulin binding to receptor, decreased insulin
resistance, and/or improved glucagon secretion.
The dietary regimens employed consisted of 800-
2,300Kcal/day for from 4 weeks to 6 months.!5-1#
In addition to the attention given total caloric
intake, a great deal of attention was given to the
individual components comprising the diabetic
diet. Previous attempts to restrict total CHO intake
are no longer deemed advisable. Most authorities
now advocate liberalization of CHO intake from 50
to 55% of the total calories.’” Also, dietary fiber
can reduce glycemic excursions and diminish
insulin secretion. This is thought to be due to
delayed gastric emptying and overall slowing of
the rate of CHO digestion and absorption. In our
studies, all subjects were given dietary regimens
which included 50% CHO.

Exercise is commonly recommended in the
treatment of NIDDM as a means of increasing
energy expenditure and insulin sensitivity. Body fat
loss, a sense of well-being. increases in aerobic
capacity, increases in HDL-cholesterol level and
adipocyte lipolysis. and decreases in blood
pressure in hypertensive patients. psychologic
stress and plasma triglyceride are also benefits
which can be reaped from exercise *" The general
guidelines for aerobic conditioning are to exercise
3-5 days per week for 15-60 min per exercise
session at a work intensity corresponding to 50-
85% maximal oxygen consumption, or 60-90% of
maximal heart rate reserve.?"**' The specific kind,
amount and duration of exercise should be
selected according to physical condition of the
individual *» Patients with advanced complications
were excluded from our study because of the
possibility that microangiopathic complications
might be aggravated.® The amount of exercise in
our regimen was greater than those in others.**%
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Glycemic control was achieved in about 70% of
patients. The glycemic control by exercise might
be the result of the increase of glycogen replstion
in the muscles. The improvement of the peripheral
sensitivity to insulin might be due to increased
non-oxidative glucose disposal in muscle
tissue.?##¢-29 The results of glycemic control in
non-obese NIDDM on long-term follow-up study
can partially be explained by the lesser energy
expenditure during exercise than in obese NIDDM.

In this study, the induction group achieved
glycemic control with oral gliquidone for about 5
days (induction therapy). Several studies have
revealed that a short-term program of insulin ther-
apy improved blood sugar level or glucose
homeostasis, insulin secretion, post-receptor
defect and basal hepatic glucose production.30-3%
These results indicate that the restoration to nor-
mal of or improvement of hyperglycemia itself
may induce the improvement in the post-receptor
defect.

Several factors might be related to the
glycemic control. In our study, the glycemic con-
trol was significantly related to the previous his-
tory of oral hypoglycemic agents, the duration of
DM or the extent of diabetic complications, but
not to the initial body weight, or FBS or HbA,.
levels. Turkington et al.** reported that patients
previously treated with oral hypoglycemic agents
or insulin responded poorly to the dietary therapy,
as our patients did. Nagulesparan et al®® and
Garvey et al*® reported that the longer the dura-
tion of DM, which is commonly associated with
advanced diabetic complications, the poorer the
response to therapy. In our study, the patient with
a shorter duration of disease (5 years or less) and
lesser diabetic complications were better
controlled than those with a longer duration of
disease and more complications.

't was suggested that patients with a higher
capacity of insulin secretion responded better to
diet and exercise therapy.***3 |n our study, the
peak C-peptide levels were significantly higher in
the long-term success group than in the tong-term
failure group.

In this study, weight loss in the success groups
was slightly, but not significantly, greater than that
in the failure groups. The addition of a program of
strict weight reduction by dietary restriction and
exercise may be needed to establish the proper
guidelines for diabetic control. Such a program
will bring an added benefit from the educational
standpoint, in the form of better compliance and
better glycemic control.
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