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Background: Childhood obesity is an emerging national health problem in Thailand. Our previous study found that one third
of obese children and adolescents had impaired glucose tolerance (IGT) and 2.6 percent had already developed type 2
diabetes mellitus. An immediate strategy needs to be established in order to improve these metabolic problems.
Objective: To determine whether diet and exercise education for lifestyle modification with or without metformin therapy in our
diabetes clinic is enable to improve these metabolic problems.
Material and Method: Twenty-six Thai obese children and adolescents with IGT, who received at least 6 months of treatment
consisting of lifestyle modification alone or lifestyle modification and metformin (combined treatment) were enrolled into this
study. Each patient underwent the second 2-hour oral glucose tolerance test (OGTT). Plasma glucose, insulin levels, HbA1C
and lipid profiles were measured. The results were compared with historical pre-treatment data.
Results: Approximately 1 year after intervention, 19 out of 26 patients with IGT completed the second 2-hour OGTT. Sixteen
patients (84.2%) successfully reversed to be normal glucose tolerance whereas 3 patients (15.8%) remained IGT. Body mass
index (BMI), BMISDS, 2-hour plasma glucose, basal insulin level, 2-hour insulin level were significantly decreased after
treatment in normal OGTT group (Ps < 0.05). Treatment with lifestyle modification alone and combined treatment indiffer-
ently improved the abnormal glucose tolerance in our patient (83.3% vs. 84.6%).
Conclusion: Impaired glucose tolerance in obese youth is a reversible abnormality by lifestyle modification with or without
metformin.
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Since the past two decades, the incidence of
childhood obesity has been increasing worldwide(1,2).
In Thailand, there has been dramatically increased
incidence of childhood obesity throughout the country.
A public health survey reported the increased
prevalence of childhood obesity from 5.8% in 1990 to
13.3% in 1996 in Bangkok(3). The other study, in the
Southern part of Thailand, also showed an increased

incidence of obesity in school children, aged 6-12 years,
from 12.2% to 15.6% during 1991 to 1993(4). These
children are at risk for developing metabolic syndrome,
including type 2 diabetes mellitus, dyslipidemia,
hypertension and atherosclerotic cardiovascular
disease(5). Our previous study demonstrated that 33.8%
of Thai obese children and adolescents had impaired
glucose tolerance (IGT) and 2.6% had already
developed type 2 diabetes mellitus(6).

Type 2 diabetes mellitus is associated with
significant premature morbidity and mortality related
to micro- and macro-vascular disease. The result is
disability and shortened life expectancy, which seriously
impact on both social and economic costs in the
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developed and developing country. More than 10% of
the total health budget is expensed on the management
of diabetes mellitus and its complications in developed
countries. In the United State, the diabetes cost had
increased rapidly from US$20.4 billion in 1987 to US$90
billion in 1994 and the most recent estimate is around
US$100 billion(7).

IGT is an intermediate category between
normal glucose tolerance and overt diabetes(8). It is
generally accepted that patients proceed through IGT
before progressing to type 2 diabetes mellitus(9,10).
Several studies in adults demonstrated that patients
with IGT have a six to tenfold increase in risk of
developing type 2 diabetes(11), depending on the
population studied(12) and the number of other
cardiovascular disease risk factors presented(13). In
addition, IGT has been linked with an increased risk of
cardiovascular events and some analyses have
demonstrated an increased mortality risk compared with
patients with normal glucose tolerance(14). With lifestyle
modification, the risk of type 2 diabetes mellitus in adults
with IGT decreased significantly(8,15,16). However, studies
that examined the effect of lifestyle intervention on
obese children and adolescents with IGT have been
limited(17).

This study attempts to determine whether diet
and exercise education with or without metformin
therapy in our diabetes clinic can improve metabolic
problems in Thai obese children with IGT.

Material and Method
Twenty-six children and adolescents with IGT,

who received lifestyle modification training program
from our diabetes clinic, were enrolled into the study.
These patients were recruited primarily through the
OGTT of high-risk obese children and adolescents,
defined as those with the body mass index (BMI) [the
weight in kilograms (kg) divided by the square of the
height in meter (m2)] for age and sex above 95th percentile
plus 2 out of these 3 following criteria; 1) the presence
of type 2 diabetes mellitus in the first and/or the second
degree relatives, 2) the presence of acanthosis nigricans,
and 3) the ethnicity of African-American, Hispanic-
American, Native American, Asian-American, Asian or
Pacific Islanders. IGT was defined as a 2-hour plasma
glucose concentration of 140 to 199 mg/dL (7.8 to 11.0
mmol/L) after the oral administration of 1.75 g/kg
(maximum 75 g) of glucose(18,19). All participants were
able to ambulate independently and were not on any
medications known to affect glucose metabolism such
as glucocorticoids. Patients with a previous diagnosis

of DM, chronic illness, or mental abnormalities were
excluded.

All patients and their families received
individualized dietary education including the
recommended daily caloric intake, carbohydrate portion,
food exchanges, total and saturated fat restriction to
less than 30% and 10% of energy consumption,
respectively and an increase in fiber consumption to at
least 15 g per 1000 kcal from dietician in our diabetes
clinic. The daily caloric intake was calculated by using
the ideal body weight for height of each patient in the
first visit and decreased 200 kcal every follow up visit if
BMI was still increased. Ingestions of whole-grain
products (such as brown rice), fiber rich vegetables
and fruits, low fat milk and meat products, and vegetable
oils rich in monounsaturated fatty acids were also
recommended. All fast foods and soda were
encouraged to be substituted by low fat Thai food and
water or low fat milk. The dietary advice was tailored to
each patient on the basis of three-day food records
completed every 3 months. All parents were advised to
restrict their children’s sedentary lifestyles (i.e.,
watching television and playing video game) to less
than 1 hour per day. These patients also attended at
least 1-day exercise training program, aiming to
increase aerobic exercise, in Physical Medicine and
Rehabilitation (PM & R) Department and continued
everyday home exercise at least 30 minutes per day.
Some patients received metformin depending on the
discussion between the physician and family. The dose
of metformin was gradually increased from 500 mg/day
to 2,000 mg/day within 2-3 months.

All patients and their families visited the
diabetes clinic and met with their physicians, nurse
educator, nutritionist and psychologist monthly for 3
consecutive month and then every 2 to 3 months
afterward. In each visit, the diabetes team did reeducate,
adjust the treatment plans for each patient and
encourage them to maintain this healthy program
regularly.

At least 6 months after initiation the treatment,
the patients underwent the 2-hour OGTT. Written
informed assent and consent were obtained from
participants and parents prior to the test. Plasma
glucose, insulin level, HbA1C and lipid profiles
including total cholesterol, triglyceride, high-density
lipoprotein-cholesterol (HDL-C), and low-density
lipoprotein-cholesterol (LDL-C) were measured. Plasma
glucose, insulin and HbA1C levels were measured using
Hexokinase method, electrochemiluminescence
immunoassay and Turbidimetric Inhibition
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Pre-treatment Post-treatment p
(n =19) (n = 19)

Age   11.7 + 2.1   12.7 + 2.1 0.000*
Weight (kg)   71.4 + 18.8   69.5 + 13.1 0.222
Weight SDS     5.0 + 2.0     4.3 + 1.4 0.002*
Height (cm) 150.9 + 11.6 155.6 + 10.6 0.000*
Height SDS     1.1 + 1.2     1.1 + 1.2 0.586
BMI (kg/m2)   30.9 + 5.0   28.5 + 3.0 0.002*
BMI SDS     8.3 + 4.5     7.2 + 3.5 0.022*

Values expressed as mean + SD, p < 0.05 consider statistically significant*

Table 1. The anthropometric variables of 19 patients with IGT at pre- and post-lifestyle modification treatment

Immunoassay, respectively (Roche Diagnostics,
Indianapolis, IN, USA). Total cholesterol, triglyceride,
HDL-C and LDL-C were measured via enzymatic
method (Roche Diagnostics, Indianapolis, IN, USA).
Auxological data including height, weight and BMI
were also recorded at the same visit. The results were
compared with historical pre-treatment data from the
patients’ medical records.

Assessment of the End Point
Normal glucose tolerance was defined as a

fasting plasma glucose concentration lower than 100
mg/dL (5.6 mmol/L) and a 2-hour plasma glucose
concentration less than 140 mg/dL (7.8 mmol/L).
Glucose levels considered diagnostic for diabetes
mellitus were a fasting plasma glucose level of 126 mg/
dL (7.0 mmol/L) or more and a 2-hour post-challenge
level of 200 mg/dL (11.1 mmol/L) or more. Intermediate
levels of glucose, fasting glucose levels of 100 to 125
mg/dL, were known as impaired fasting plasma glucose
(IFG)(18,19), whereas IGT was defined as previously
mentioned.

Statistical analysis
All statistical calculations were performed

with SPSS for windows version 10 (SPSS Inc, Chicago,
Illinois). Results are presented as mean + standard
deviation (SD) unless otherwise stated. The
anthropometric variables and biochemical findings of
patients with IGT were compared between pre- and
post-treatment using the paired t-test. Pearson’s
correlation was used to examine the correlations
between the changes of anthropometric variables and
biochemical findings and the changes of 2-hour OGTT
plasma glucose levels after the intervention.

Results
Of 26 patients with IGT, 4 patients were

excluded from the study because two had Prader-Willi
syndrome, one had Down syndrome and the other was
on glucocorticoids. The other 3 patients did not return
for the OGTT assessment. Therefore, only 19 patients
completed the second test.

In these 19 patients (10 females and 9 males
with the mean age of 11.7 + 2.0 years, age range 9.0-15.3
years), all were Asian in heritage. Twelve patients
(63.2%) had family history of type 2 diabetes (52.6% in
the 2nd degree relatives alone and 10.5% in both the 1st

and 2nd degree relatives). Five patients (26.3%) also
had impaired fasting plasma glucose (IFG) at the
diagnosis of IGT.

The mean duration of lifestyle modification
treatment was 1.02 + 0.33 years. After intervention, the
patients’ weight SDS, BMI and BMI SDS decreased
significantly as compared to the pre-treatment data (ps
< 0.05) (Table 1). In addition, the post-treatment 2-hour
plasma glucose, fasting insulin, 2-hour insulin, HbA1C
and cholesterol levels were significantly lower than
those of the pre-treatment results (ps < 0.05) (Table 2).
Significant positive correlations were found between
the decreased level of 2-hour plasma glucose and the
decreases of weight SDS (r = 0.554, p = 0.014), BMI
SDS (r = 0.485, p = 0.035), fasting insulin level (r = 0.585,
p = 0.008) and 2-hour insulin level (r = 0.621, p = 0.005).

In this study, we demonstrated that 16 patients
(84.2%) successfully reversed from IGT to normal
glucose tolerance, whereas three (15.8%) remained to
have IGT.  Of 5 patients who had IFG together with IGT
at pre-treatment, none remained IFG after intervention.
Although all of the data of patients in the reversed
OGTT and remained IGT groups were not able to
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              Pre-treatment            Post-treatment

Reversed Remained Reversed Remained
OGTT IGT OGTT IGT
(n = 16) (n = 3) (n = 16) (n = 3)

Age   11.7 + 2.1   11.7 + 2.5   12.7 + 2.1   12.9 + 2.7
Weight SDS     5.0 + 1.8     4.9 + 3.4     4.3 + 1.3     4.3 + 2.4
Height SDS     1.4 + 1.2    -0.1 + 0.7     1.3 + 1.2     0.2 + 0.7
BMI (kg/m2)   30.5 + 4.2   34.6 + 8.5   28.3 + 2.6   29.5 + 5.4
BMI SDS     7.8 + 3.3   11.2 + 8.2     6.8 + 2.6     9.1 + 7.2
FPG (mg/dL)   91.5 + 11.0   85.0 + 14.4   87.1 + 5.7   84.3 + 7.8
2-hr PG (mg/dL) 159.4 + 17.2 170.0 + 19.5 117.9 + 14.8 155.7 + 5.5
Fasting insulin   32.9 + 14.8   28.4 + 9.1   20.4 + 11.0   32.1 + 2.1
2-hr insulin 259.9 + 119.7 241.7 + 93.8 119.0 + 84.4 167.5 + 37.9
HbA1C (%)     6.0 + 0.6     6.2 + 0.6     5.4 + 0.3     5.7 + 0.7
Cholesterol (mg/dL) 192.8 + 30.9 213.3 + 32.0 171.6 + 44.2 201.7 + 18.9
TG (mg/dL) 101.5 + 43.4 103.0 + 13.7 116.8 + 78.9 137.7 + 77.5
HDL-C (mg/dL)   50.2 + 15.1   56.0 + 20.5   48.4 + 14.5   58.7 + 29.7
LDL-C (mg/dL) 115.4 + 26.0 129.5 + 55.0 102.1 + 34.3 116.2 + 43.9

Table 3. Data of patients in reversed OGTT and remained IGT groups

Pre-treatment Post-treatment p
(n =19) (n = 19)

Fasting PG (mg/dL)   90.5 + 11.3   86.6 + 5.9 0.064
2-hr PG (mg/dL) 161.1 + 17.4 123.9 + 19.6 0.000*
Fasting insulin(μU/mL)   32.2 + 14.0   20.8 + 10.1 0.001*
2-hr insulin (μU/mL) 257.1 + 113.9 126.6 + 80.2 0.002*
HbA1C (%)     6.0 + 0.6     5.5 + 0.4 0.006*
Cholesterol (mg/dL) 196.0 + 31.1 176.3 + 42.3 0.035*
Triglyceride (mg/dL) 101.7 + 39.9 120.1 + 76.7 0.129
HDL-C (mg/dL)   51.1 + 15.5   50.1 + 16.9 0.677
LDL-C (mg/dL) 117.6 + 30.4 104.0 + 34.6 0.101

Table 2. Biochemical findings of 19 patients with IGT at pre-and post-lifestyle modification treatment

Values expressed as mean + SD, p < 0.05 consider statistically significant*

compared statistically due to small numbers of patients
who remained IGT (Table 3 and 4), it seems that the
patients in the reversed IGT group had the BMI, BMI
SDS, HbA1C, cholesterol, triglyceride and LDL-C levels
less than the patients in the remained IGT group both
pre- and post-intervention periods as shown in Table
3. Interestingly, both fasting and 2-hour insulin levels
in the reversed IGT group, which were higher at
diagnosis, became lower than the remained IGT group
after the intervention. The percentage of changes of

auxological and biochemical data of the patients in the
reversed IGT group and those who remained IGT are
also given in Table 4. The decreases of fasting insulin,
2-hour insulin and cholesterol in the reversed group
were more than those in the remained IGT group.

Of 19 patients who underwent the second
OGTT, 13 received treatment with lifestyle modification
alone whereas 6 received both lifestyle modification
and metformin. As demonstrated in Fig. 1, the success
outcome in converting IGT to normal glucose tolerance
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Life style Lifestyle & p
alone metformin
(n = 13) (n = 6)

% BMI change   -5.1 + 7.9 -12.9 + 7.2 0.055
% BMI SDS change -21.7 + 19.5 -34.4 + 7.8 0.059
% Fasting insulin change -24.5 + 33.0 -38.9 + 22.8 0.35
% 2-hr insulin change -29.8 + -45.6 + 48.8 0.545
% Cholesterol change   -3.6 + 13.1 -22.4 + 26.2 0.05
% TG change  21.0 + 45.6   -1.1 + 35.8 0.313
% HDL change    3.8 + 24.0   -7.9 + 22.2 0.329
% LDL-C change    0.7 + 17.7 -29.1 + 34.8 0.09

Table 5. The percentage of changes of parameters in patients with lifestyle modification alone and a combined therapy

variables and biochemical findings were not
significantly different between these two treatment
groups. However, the treatment with metformin tended
to improve the BMI, BMI SDS, insulin resistance and
lipid profiles more than treatment with lifestyle
modification alone (Table 5).

Discussion
Our study demonstrated that lifestyle

modification significantly improved metabolic
parameters including 2-hour plasma glucose, fasting
and 2-hour insulin levels, HbA1C and cholesterol level
of obese youth with IGT. The improvement of these
metabolic derangements after lifestyle intervention in
our study is similar to previous studies in both
children(17) and adults(20). Moreover, diet and exercise
education provided by a multidisciplinary team in our
diabetes clinic were able to reverse IGT to normal
glucose tolerance in a majority of our obese youth.
This finding is similar to a large, randomized controlled
trial involving 3,234 overweight adults with IGT in the
United State(15) suggesting that intensive lifestyle
modification is the recommended treatment of patients
with IGT in all ages.

Our lifestyle intervention was intensive and
systematic, with the study participants receiving
individualized education having details as similar as
patients with diabetes mellitus. The study, however,
was not designed to test the relative contributions of
dietary changes and increased physical activity on the
improvement of glucose tolerance, and the effects of
these components remain to be determined.

In consistent with previous pediatric weight
management programs(17,21), our patients’ BMI SDS
decreased significantly after lifestyle intervention. BMI
and BMI SDS rather than the absolute change in weight

by treatment with lifestyle modification alone was not
different from the combined treatment between lifestyle
modification and metformin (84.6% vs. 83.3%). In
addition, the post-intervention anthropometric

Fig. 1 The comparison of the treatment outcome between
lifestyle modification alone versus lifestyle modi-
fication and metformin

Reversed Remained
OGTT IGT
(n = 16) (n = 3)

% Weight SDS change -10.7 + 16.2   -7.2 + 11.3
% BMI SDS change   -9.1 + 21.1 -10.0 + 7.7
% Fasting insulin change -32.5 + 28.8 -10.7 + 38
% 2-hr insulin change -37.1 + 55.6 -22.4 + 40.5
% Cholesterol change -10.4 + 21.3   -4.9 + 6.5
% Triglyceride change  11.1 + 41.4  29.5 + 58.2
% HDL-C change  -0.3 + 25.1   -1.9 + 15.7
% LDL-C change  -8.6 + 29.9   -9.2 + 3.9

Table 4. The percentage of changes of auxological and bio-
chemical data of the patients in the reversed IGT
group and those who remained IGT after interven-
tion
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were analyzed because our patients still were growing
in height. In our study, although the patients did not
have significant weight loss, they had significant
improvement in BMI and BMI SDS because they also
grew in height during the 1 year intervention. The
significant correlation between the decreased BMI, BMI
SDS and the improvement of the metabolic derangement
in this study lead us to closely follow the patients’
BMI and BMI SDS instead of their actual weight to
monitor the outcome of lifestyle intervention.

The significant positive correlations between
the decreased level of 2-hour plasma glucose and the
decreases of insulin levels are consistent with Sinha et
al(22) study which found that insulin resistance is a
strong predictor of the two-hour plasma glucose levels
in obese children and adolescents, suggesting that
insulin resistance may play an important part in the
transition from normal to impaired glucose tolerance.

Metformin, the only oral medication approved
by FDA for the treatment of adolescents with type 2
diabetes mellitus, acts preferentially to decrease hepatic
glucose production by reducing the rate of
gluconeogenesis. A previous randomized double-blind
placebo-controlled trial demonstrated that 6 months
treatment with metformin without specific dietary
restriction significantly decreased BMI, fasting glucose,
serum insulin and lipid levels in 14 nondiabetic obese
adolescents with fasting hyperinsulinemia and a family
history of type 2 diabetes as compared to controls(23).
In addition, the Diabetes Prevention Program (DPP)
Research Group(15) demonstrated that long-term
treatment with metformin significantly reduced the
incidence of type 2 diabetes mellitus in 1,073 overweight
adults with IGT as compared to the placebo group
indicating that metformin is also effective and may be
the treatment of choice in these high risk patients.
Combined treatment of metformin and lifestyle
intervention in our study, however, was not different
from lifestyle intervention alone in normalizing fasting
and 2 hour plasma glucose levels. Although part of
this indifference may be due to a small number of
patients in our study, the previous randomized control
trials support our findings(15,23). The DPP study showed
the indifference of fasting and post-load glucose levels
between the placebo group and metformin treatment
group, whereas lifestyle intervention alone was more
effective in normalizing the glucose levels than
metformin and placebo(15,24).

In conclusion, impaired glucose tolerance in
Thai obese youth can be reversed by lifestyle
modification. Intensive individualized dietary education

together with exercise training program should be
recommended in this high risk group of patients.
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ผลของการเปลี่ยนแปลงพฤติกรรมการบริโภค และการออกกำลังกายของเด็ก และวัยรุ่นอ้วน
ต่อความผิดปกติของระดับน้ำตาลในเลือด

นวพร นำเบญจพล, สุภาวดี ลิขิตมาศกุล, ไพรัลยา นาควัชระ, จีรันดา สันติประภพ, พรพิมล เกียรติศักด์ิทวี,
เรณู วงษ์อาน

ภูมิหลัง: โรคอ้วนในเด็กกำลังเป็นปัญหาสำคัญของประเทศไทย การศึกษาของเราก่อนหน้านี ้พบว่า 1 ใน 3
ของเด็กอ้วนมี impaired glucose tolerance (IGT) และร้อยละ 2.6 ของเด็กอ้วนเป็นโรคเบาหวานชนิดท่ี 2
วัตถุประสงค์: เพื่อศึกษาถึงผลของการให้ความรู้ทางโภชนาการและการออกกำลังกาย ร่วมกับการให้และไม่ให้
ยาลดระดับน้ำตาลในเลือดช่ือ เมทฟอร์มิน ในการแก้ไขภาวะ IGT ในเด็กอ้วน
วัสดุและวิธีการ: เด ็กอ้วนที ่ม ี IGT ที ่ได ้ร ับการร ักษาโดยการให้ความรู ้ เพ ื ่อปร ับพฤติกรรมการบริโภค
และการออกกำลังกาย ร่วมกับการให้และไม่ให้ยาเมทฟอร์มิน เข้ารับการทดสอบ oral glucose tolerance test
และตรวจเลือดหาระดับน้ำตาลกลูโคส อินสุลิน น้ำตาลเฉลี่ย 3 เดือน และไขมัน หลังการรักษา แล้วนำผลที่ได้
ไปเปรียบเทียบกับผลเลือดก่อนการรักษา
ผลการศึกษา: หลังให้การรักษานาน 1 ปี ร้อยละ 84.2 ของผู้ป่วยมีระดับน้ำตาลในเลือดเป็นปกติ ในขณะท่ีร้อยละ
15.8 ยังคงมี IGT ผู้ป่วยท่ีระดับน้ำตาลในเลือดกลับมาเป็นปกติน้ัน มีค่าดัชนีมวลกาย ระดับน้ำตาลในเลือด 2 ช่ัวโมง
หลังรับประทานน้ำตาลกลูโคส และระดับอินสุลินในเลือดต่ำกว่าผู้ป่วยท่ียังคงมี IGT อย่างมีนัยสำคัญทางสถิติ การใช้
ยาเมทฟอร ์ม ินร ่วมก ับการปร ับพฤต ิกรรมไม ่ม ีผลแตกต ่างจากการปร ับพฤต ิกรรมแต ่ เพ ียงอย ่างเด ียว
ในการแก้ไขฃวามผิดปกติของระดับน้ำตาลในเลือด
สรุป: ความผิดปกติของระดับน้ำตาลในเลือดในระยะ IGT สามารถแก้ไขให้กลับเป็นปกติได้โดยการเปลี่ยนแปลง
พฤติกรรมการบริโภคและการออกกำลังกายอย่างสม่ำเสมอ ซึ่งอาจจะให้ยาเมทฟอร์มินร่วมด้วยหรือไม่ก็ได้


