Body Mass Index Is the Most Important Determining Factor for the Degree of
Insulin Resistance in Non-obese Type 2 Diabetic Patients in Korea
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With obesity, increased insulin secretion is needed to compensate for the additional demands and to maintain euglycemia.
In contrast to Caucasians, the majority of type 2 diabetic patients belong to the non-obese category in Korea. There appears
to be an ethnic difference underlying the pathogenesis in type 2 diabetes mellitus. However, there is only limited data on
these subjects. The degree of insulin resistance in 267 Korean non-obese (body mass index [BMI] < 25 kg/m?) = patients with
type 2 diabetes mellitus was analyzed, and the factors responsible for the insulin resistance were examined. The mean age
and BMI of the patients were 50.8 = 10.6 years and 22.6 = 1.8 kg/m?. Homeostasis model assessment-insulin resistance
(HOMA-IR) = 2.5 was defined as being insulin resistant according to our data (mean =+ 1.5 SD of 1,917 normal subjects). There
was no significant difference according to age, the duration of disease, and the glycosylated hemoglobin (HbA,,) levels
between the subjects with or without insulin resistance. The HOMA-IR values in the patients with insulin resistance and
normal insulin sensitivity were 4.2 + 1.4 and 1.5 + 0.6, respectively. In the insulin-resistant group, the log-transformed
triglyceride (TG) levels were higher and the high-density lipoprotein-cholesterol (HDL-C) levels were lower than those of the
insulin-sensitive group (log-transformed TG: 5.2 = .6 v4.9 = .7 and HDL-C: 1.13 £ 0.3 v 1.25 = 0.3mmol/L). These differences
were still observed after adjusting for BMI. The HOMA-IR value was independently predicted by BMI and HDL-C levels, which
explained 7% and 3% in the variability of insulin resistance, respectively. However, the TG levels were not independently
associated with the HOMA-IR. Logistic regression analysis showed that the significant factor associated with HOMA-IR was
only BMI. These results suggest that the BMI is the most important determinant of insulin resistance, while TG and HDL-C

levels might be good markers of insulin resistance in non-obese patients with type 2 diabetes mellitus in Korea.

© 2004 Elsevier Inc. All rights reserved.

YPE 2 DIABETES meéllitus occurs when there is inade-
quate insulin secretion to meet the insulin demands of the
body.-2 With obesity, an increased B-cell mass is needed to
compensate for the additional demands and to maintain eugly-
cemia. In Korea, the majority of type 2 diabetic patients are
non-obese, which isin contrast to Caucasians. There appears to
be an ethnic difference underlying the pathogenesis in type 2
diabetes mellitus, because the degree of obesity is closely
related with insulin resistance. It has been reported that there
areracia differencesin the degree of insulin resistance in type
2 diabetes. Haffner et al3 recently reported that 92% of patients
with type 2 diabetes mellitus were insulin resistant in the white
population. However, a Japanese group showed that only 40%
of the patients with type 2 diabetes mellitus might be subclas-
sified into an insulin resistance group by using homeostasis
model assessments. They also showed that the insulin resis-
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tance was independently associated with hypertriglyceridemia
and the degree of obesity.45

In Korea, the prevalence of diabetes mellitus is 8% to 10%,°
and over 95% of diabetic patients belong to the type 2 diabetes
mellitus group. However, patients with a body mass index
(BMI) greater than 25 kg/m? comprised only 35%.7-° This data
suggests that the characteristics of Korean type 2 diabetic
patients are quite different from those of western countries, but
are similar to Japan and other Asian countries. However, there
isonly limited data regarding the insulin-sensitive and insulin-
resistant variants ratio particularly in non-obese patients with
type 2 diabetes mellitus and the factors that determine insulin
resistance. In this report, 267 Korean non-obese (BMI < 25
kg/m?) patients with type 2 diabetes mellitus were classified
according to the degree of insulin resistance and the factors
responsible for insulin resistance.

MATERIALS AND METHODS
Subjects

A total of 267 non-obese Korean type 2 diabetic patients who visited
Kangnam St. Mary’s hospital in Seoul, and St. Vincent's hospital in
Suwon from November 1992 to December 1999 were enrolled in this
study. Diabetes was diagnosed according to the American Diabetes
Association (ADA) criterial® The mean = SD age of the patients was
50.8 = 10.6 years (range, 30 to 79). The disease duration was 4.3 = 6.2
years (range, O to 40 years). The BMI level was 22.6 + 1.8 kg/m?
(range, 17 to 24.9 kg/m?) (Table 1). Patients who were taking lipid-
lowering drugs, such as statin or fibrate, were excluded. Patents who
were taking antihypertensive agents that affected glucose tolerance and
lipid metabolism (thiazide or beta blockers) were also excluded. None
of the patients had significant renal, hepatic, or cardiovascular disease.
All of the patients had been treated with diet and exercise only before
the study. Most of the patients were followed up in the outpatient clinic
of our hospital with relatively good glycemic control. Blood chemistry
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Table 1. Characteristics of Korean Non-obese Type 2
Diabetic Patients

Characteristics Mean = SD (range)

Age (yr) 50.8 = 10.6 (30-79)
Duration of disease (yr) 4.3 + 6.2 (0-40)
BMI (kg/m?) 22.6 = 1.8 (17-24.9)

HbA; (4-5.5)* (%)
Fasting glucose (mmol/L)
Fasting insulin (pmol/L)

7.9 + 2.1 (4.2-18.9)
8.8 = 2.9 (11-347)
36.6 = 27 (0.47-192)

HOMA-IR 2.1 +1.5(.02-8.19)
HOMA-B cell 27.9 *+ 46.2 (—420-196)
NOTE. n = 267.

*Reference value.

and serum insulin concentrations were determined on a regular basis.
Data were aso corrected from the patients who transferred from
primary clinics for evaluation of glycemic control status.

Methods

Blood was drawn in the morning after a 12-hour fast. The plasma
glucose levels were determined by the glucose oxidase method (Beck-
man Glucose Analyzer 11, Beckman Instruments, Fullerton, CA) using
venous blood. The serum insulin levels were measured using a radio-
immunoassay kit (Dainabot, Tokyo, Japan). The glycosylated hemo-
globin (HbA, ) levelswere measured by high-performance liquid chro-
matography (Variant |l HbA,. analyzer, Bio-Rad, Montreal, Canada).
The triglyceride (TG), total cholesterol, and high-density lipoprotein-
cholesterol (HDL-C) were also measured using an automatic blood
analyzer (Hitachi 736-40, Tokyo, Japan). The low-density lipoprotein-
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cholesterol (LDL-C) levels were calculated using the Friedewald for-
mula’2 The homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated using the following formula: fasting serum
insulin (uU/mL) X fasting plasma glucose (mmol/L)/22.5.

For determining for insulin resistance by HOMA in the Korean
population, we examined 1,901 normal subjects who had a normal
range of fating blood glucose (3.6 to 6.4 mmol/L), blood pressure
(<140/90 mm Hg), lipid levels (total cholesterol < 5.69 mol/L, TG 2.6
mmol/L), and renal function (creatinine <1.3 mg/dL) aged 25 to 80
years. The subjects visited Kangnam St. Mary’s hospital for a general
check up from March to September 1996. Their mean age was 44.2
years and the mean BM| was 23.3 + 0.1 kg/m?. The fasting insulin was
measured using a radioimmunoassay kit (Dainabot) and blood glucose
levels were measured by hexokinase method. The HOMA-IR value
(mean = SD) of 1,901 normal subjects in Korea was 1.3 = 0.8.
Therefore, values greater than 2.5 (mean = 1.5 SD) were defined as
being insulin resistant. The HOMA—B-cell function was calculated
using the following formula: (20 X fasting serum insulin [U/mL])/
(fasting plasma glucose [mmol/L] — 3.5).

Satistical Analysis

The data are presented as a mean = SD or a median (range).
Statistical analyses were performed using SAS System, version 6.12
(SAS, Cary, NC). The means of the insulin- resistant and insulin-
sensitive diabetes groups were compared with either Student’s't test or
a Wilcoxon rank sum test. The analysis of the covariance (ANCOVA)
was used to compare the 2 groups after adjusting for BMI and fasting
glucose. Pearson correl ation coefficients between the HOMA-IR values
and the measured variables were calculated, and a stepwise multiple
regression analysis was then used to evaluate the independent associ-
ation of these variables with the HOMA-IR. Logistic regression was

Table 2. General Characteristics and Clinical Profile of Insulin-Resistant and Insulin-Sensitive Diabetic Patients

Insulin-Resistant

Insulin-Sensitive

(n = 63) (n = 204) t P
Male 28 (19.4) 116 (80.6)
Female 35 (28.5) 88 (71.5)
Age (yr) 51.9 £ 10.7 50.4 = 10.5 0.98 .33
Duration of disease (yr) 2 (0.1-23.0) 2 (0.1-40.0) 57*
BMI (kg/m?2) 232 + 1.4 224 +1.8 3.50 .0006
HOMA-IR 4.19 = 1.35 1.46 = 0.59 15.51 .0001
HOMA-g cell 46.1 = 36.9 21.9 £ 475 4.19 .0001
HbA,. (%) (4-6)* 8.0 = 2.1 7.9 + 2.1 0.48 .63
Fasting glucose (mmol/L) 9.6 29 8.6 =28 2.42 .016
Fasting insulin (pmol/IL) 55.2 (33-163.2) 24.6 (0.6-192.0) .0001t
.004
Triglycerides (log transformed) 5.2 = 0.6 49 + 0.7 2.84 0.01%
.0038
.35
Total cholesterol (mmol/L) 4.89 + 0.94 5.04 = 1.10 0.94
.508
.08
LDL-cholesterol (mmol/L) 2.76 = 1.0 3.03 = 1.03 1.74
138
.009
HDL-cholesterol (mmol/L) 1.13 = 0.3 1.25 = 0.3 2.62 .01%
.018

NOTE. Insulin-resistant: HOMA-IR = 2.5; insulin-sensitive: HOMA-IR < 2.5. Data are N (%)/mean = SD/median (range).

*Reference value of HbA..

TWilcoxon rank sum test.

+PANCOVA: pyalue of ANCOVA (covariate = BMI).

§ PANCOVA: pyalue of ANCOVA (covariate = fasting glucose).
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Table 3. Correlation of HOMA-IR to Measure of Variables Table 5. Risk Factors of HOMA-IR
r(P) 95% CI
BMI (kg/m?) 0.25 (.0001) Odds Ratio Lower Upper
Triglycerides 0.16 (.01) BMI (kg/m?) 151 1.20 189
HDL-C —0.18 (.006) Triglycerides 1.00 0.99 1.00
NOTE. n = 267. HDL-C 0.97 0.94 0.99

used to evauate the significant factors associated with the HOMA-IR.
The analysis of variance (ANOVA) and Scheffe test were used to
evaluate the difference in the HOMA-IR according to the BMI groups.

RESULTS

The general characteristics and the clinical profiles of the
insulin-resistant and insulin-sensitive Korean non-obese type 2
diabetic patients are shown in Tables 1 and 2. There were no
significant differences according to age, disease duration, and
HDbA . levels between the 2 groups. The BMI was significantly
higher in theinsulin-resistant group than in the insulin-sensitive
group. The HOMA-IR value in the patients with insulin resis-
tance and those with normal insulin sensitivity were 4.2 = 1.4
and 1.5 = 0.6, respectively. The HOMA—B-cell vaues in the
patients with insulin resistance and those with normal insulin
sensitivity were46.1 + 36.9 and 21.9 *+ 47.5, respectively. The
mean fasting glucose level was significantly higher in the
insulin-resistant group than in the insulin-sensitive group. The
median fasting insulin level was also significantly higher in the
insulin-resistant group than in the insulin-sensitive group.
There was no significant difference in total cholesterol and
LDL-C levels between the 2 groups. However, the patientswith
insulin resistance had significantly higher log-transformed TG
levels (5.2 = .6 v 4.9 = .7) than those with normal insulin
sengitivity. The HDL-C level was significantly lower in the
insulin-resistant group (1.13 = 0.3 mmol/L) than in the insulin-
sensitive group (1.25 = 0.3 mmol/L).

After adjusting for BMI, the patients with insulin resistance
had significantly higher log-transformed TG levels than those
with normal insulin sensitivity. In addition, the HDL-C level
was significantly lower in the insulin-resistant group than in the
insulin-sensitive group (Table 2).

For the correlation factorsto insulin resistance, the BMI (r =
.25) andthe TG levels (r = .16) were positively correlated with
the HOMA-IR, and the HDL-C levels were negatively corre-
lated with the HOMA-IR (r = —0.18) (Table 3).

The HOMA-IR value was independently predicted by BMI
and HDL-C, which explained 7% and 3% of the variability in
the insulin-resistant group, respectively (Table 4). However,
the TG levels were not independently associated with HOMA -
IR. Logistic regression anaysis, the significant factor associ-
ated with HOMA-IR, was only the BMI (Table 5). This result

Table 4. Variables Effect on HOMA-IR

Partial R? F P
BMI (kg/m?) 0.07 16.99 .0001
HDL-C 0.03 7.68 .006

NOTE. n = 267.

NOTE. n = 267.
Abbreviation: Cl, confidence interval.

was not affected by age, because there was no relationship
between age and BMI.

The HOMA-IR values in the BMI = 20, 20 < BMI = 21,
21< BMI = 22, 22 < BMI =23, and 23 < BMI = 24 and 24<
BMI =25were1.3+.9,1.8+10,1.7+ 10,20+ 15,23+
1.5, and 2.6 = 1.6, respectively. The HOMA-IR values were
significantly higher in the 24 < BMI = 25 group (2.6 = 1.6)
than in the BMI < 20 group (1.3 = 0.9) (Fig 1).

DISCUSSION

It has been shown that insulin-sensitive and insulin-resistant
variants exist in non-obese Korean type 2 diabetic patients, and
that BMI is the main determinant of insulin resistance even in
non-obese type 2 diabetic patients.

Various methods have been proposed for insulin sensitivity
in vivo. The euglycemic clamp study and minima model
analysis are standard tools for estimating insulin sensitivity, but
the procedures are complex and expensive.1314 |nsulin resis-
tance index assessed by HOMA-IR is atool to estimate insulin
sensitivity from a single sample. HOMA-IR is closely corre-
lated with insulin resistance index assessed by euglycemic
clamp in type 2 daibetic patients.t> Fukushima et a1 recently
demonstrated that the HOMA-IR value is highly correlated
with insulin resistance calculated by the minimal model ap-
proach in subjects with varying degrees of glucose tolerance.
These findings favor the use of HOMA-IR in the assessment of
insulin resistance in large population studies. In this study,
HOMA-IR greater than 2.5 were defined as being insulin re-
sistant according to our data (Mean = 1.5 SD of 1,901 normal
subjects), which was a so the same cut off point with a Japanese
study.1?

The percentage of insulin-resistant diabetic patients in this

HOMA-IR

18 19 20 21 22 23 24 25 26
Body mass index

Fig 1. The relationship between BMI and HOMA-IR.
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study was 23.6%, which is similar to data reported by Tanigu-
chi et al1” who showed that 31% of non-obese Japanese type 2
diabetic people were insulin resistant. However, Haffner et al3
demonstrated that 92% of type 2 diabetics was insulin resistant
in the white population. Banerji et al18 previously disclosed that
insulin resistance in black Americans with type 2 diabetes was
60% of those with a BMI 30 = kg/m? Taniguchi et al*
demonstrated that 40% of Japanese non—insulin-dependent di-
abetic patients were insulin resistant with a BMI of 16 to 44
kg/m?. This discrepancy may be due to the ethnic differences,
as well as the difference in the range of BMI in each study
group. However, we confirmed that the major portion of type 2
diabetes has insulin-sensitive and insulin-deficient characteris-
tics indicated by low HOMA—B-cell function in our group.

In this study, the insulin-resistant variant was small, which
was associated with a higher BMI, TG, and lower HDL-C than
those of the insulin-sensitive variant. Many previous studies
demonstrated that the fasting hypertriglyceridemia and low
HDL-C concentrations were associated with insulin resis-
tance.1920 This dydlipidemiaisimportant in the development of
atherosclerosis and coronary heart disease.’® These results sup-
ported previous data that showed a high fasting TG level and a
low HDL-C level in the insulin-resistant variant.

In addition to the association of dyslipidemia with insulin
resistance, Taniguchi et al420-21 also reported that hypertriglyc-
eridemia is an independent factor on insulin resistance besides
BMI in Japanese type 2 diabetic patients with a midrange BMI
(21 to 26 kg/m?). However, these finding were not observed in
our study group. The factors influencing insulin resistance were
analyzed after adjusting for BMI. HDL-C and |og-transformed
TG levels were significant factors after adjusting for BMI. The
statistical significance of the log- transformed TG levels was
lower than the HDL-C levels. However, multiple regression
analyses showed that insulin resistance was independently pre-
dicted by both BMI and HDL-C levels and not by TG levels.
Therefore, these results did not show hypertriglyceridemia as
an independent factor for insulin resistance. The reason for this
is unclear.

Bo et a22 reported that BMI and uric acid levels were
significantly associated with the presence of hypertriglyeri-
demiain type 2 diabetic patients. It is possible that TG levels
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and BMI are associated with insulin resistance not indepen-
dently, but concurrently, with the same underlying factor.

Logistic analysis showed that BMI was the only determinant
of insulin resistance. Although our study subjects were non-
obese, BMI was the most important factor for their insulin
resistance. Many studies have suggested that central obesity or
an adverse fat distribution is associated with developing type 2
diabetes. These studies revealed the groups that have a high
prevalence of diabetes without obesity.23-25 |n this study, the
waist-to-hip ratio (WHR) as a marker of the fat distribution was
not measured. Therefore, the possibility that WHR is associated
with insulin resistance cannot be excluded.

Our subjects were non-obese according to the World Health
Organization (WHO) classification,2 and it is conceivable that
Koreans with a BMI >23 kg/m? have a body composition
whose percent body fat is comparable to that of Caucasians
with BMI >25 and could explain the associated increased risk
for insulin resistance. This study showed that the number of
insulin-resistant patients with a BMI above 23 kg/m? sharply
increased. Sung et al27 reported that obesity isthe risk factor for
Koreans with non-insulin-dependent diabetes. They showed
the relative risks for diabetes mellitus in those with aBMI =23
kg/m? were higher than those with a BMI < 23 kg/m?. In
Korea, an increasing BMI is directly related to insulin resis-
tance and type 2 diabetes, even in non-obese subjects. There-
fore, it may be inappropriate to define this diabetic population
as non-obese, because the results show that BMI >23 are
associated with an increased risk of insulin resistance. These
results show the possibility to change the classification for
obesity in Asians. In addition, a greater proportion of our type
2 diabetic subjectswere insulin sensitive, had alower BMI, and
were characterized by alower HOMA—B-cell value, indicating
lower insulin output. Thus, they may relate to the insulin-
deficient, but insulin-sensitive subgroup of type 2 diabetes
mellitus and a different therapeutic approach might be needed
compared with insulin-resistant type 2 diabetic patients.

In conclusion, this study suggested that insulin resistance
occurred in 23.6% of Korean non-obese type 2 diabetic pa-
tients. The factors associated with insulin resistance were a
high BMI, as well as high TGs, and low HDL-C levels. How-
ever, the BMI was the only determinant of insulin resistance.
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