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Abstract
ObjectivesWith the rapid increase in the prevalence of diabetes, the age groups of diabetic patients are becoming diversified. This study will examine the degree of obesity, insulin resistance, and insulin secretion ability among patients first diagnosed with diabetes according to age and gender.

MethodsThe subjects of this study included 616 patients who were first diagnosed with diabetes during a routine physical examination. This sample was obtained from a total of 28,075 adults aged 19 years and older who received the examination among 33,829 participants in the Korea National Health & Nutrition Examination Survey (KNHANES) from 2007–2010. The subjects were categorized by age into young age (age: 19 – 39 years), middle age (age: 40 – 59 years), and old age (age: 60 years and older). The degree of obesity was categorized according to body mass index (BMI) into normal weight (BMI: 18.5 ~ 22.9), overweight (BMI: 23 ~ 24.9), and obesity (BMI: 25 or above). Insulin resistance was evaluated by homeostatic model assessment of insulin resistance (HOMA-IR).

ResultsIt was found that 14.1% (n = 87) of a total of 616 subjects (324 men, 292 women) were in the young age group, 43.8% (n = 270) were in the middle age group, and 42.1% (n = 259) were in the old age group. In addition, 83.3% of men that were overweight or obesity were in the young age group, while 79.2% and 60.5% were in the middle age and old age groups, respectively. A total of 82.2% of women that were overweight or obesity were in the young age group, while 79.5% and 77% were in the middle age and old age groups, respectively. For men, the more obesity they were in all age groups, the higher their HOMA-IR. For women, the more obesity they were in the young age and middle age groups, the higher their HOMA-IR; however, women in the old age group showed the highest HOMA-IR when they were of normal weight.

ConclusionAmong diabetic patients first diagnosed with the disease in Korea, the youth population had the highest obesity rate. Insulin resistance increases as an individual's weight increases among those patients who are first diagnosed with diabetes; the only exception noted is for elderly women.
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Diabetes is rapidly increasing worldwide. According to the International Diabetes Federation, the number of diabetic patients in 2011 was estimated to be over 300 million 6 man.1 Asia is a region that has been contributing greatly to this global increase in diabetes, since China and India are the world's most populous countries and they also show the most rapid increase of diabetes due to recent economic growth and Westernization. South Korea, also part of Asia, has also showed an explosive increase in the prevalence rate of diabetes in this context, thus resulting in 6 to 7 times more patients being diagnosed with diabetes in the last 40 years.2, 3
According to the Korea National Health & Nutrition Examination Survey, diabetes prevalence among the elderly population (those aged 60 years or older) is maintained at a similar level with 15.1 - 19.9% from the first survey in 1998 to the fourth survey in 2007.4 The fact that there is almost no change in the diabetes prevalence rate in relevant age groups, despite the rapid increase in the elderly population and the overall increase in diabetes prevalence, indicates that the prevalence rate is increasing among the younger population.5 In fact, according to the 2010 Korea National Health & Nutrition Examination Survey, diabetes prevalence among those aged 30 – 44 is 3.5%.6 Thus, the increase of diabetes in the younger population has contributed greatly to the explosive growth in the prevalence of diabetes in South Korea.
The increase in diabetes among the younger population has ultimately diversified the age groups of diabetic patients, but there is hardly any research on the characteristics of Korean diabetic patients by age group. The clinical characteristics of Korean-type diabetes in the past showed that most of the patients were non-obese, and the main pathological physiology was insulin secretion disorder due to defects in beta cells rather than insulin resistance. However, with the recent increase in diabetes among the younger population, as well as the increase in diabetes caused by obesity, this pathological physiology cannot be limited as a characteristic of Korean-type diabetes alone. This study will examine the degree of obesity and insulin resistance among patients first diagnosed with diabetes according to age and gender.
MATERIALS AND METHODS
1. Subjects
This study analyzed the results of the data obtained from 2007 – 2010 based on the raw data from the Korea National Health & Nutrition Examination Survey, which is conducted and nationally disclosed by the Ministry of Health and Welfare. The Ministry of Health and Welfare in Korea has been conducting this national nutrition survey since 1970, and the Korea Institute for Health and Social Affairs has been conducting the national health and health awareness/behavior survey since 1989. These two different surveys became integrated in 1998, to constitute the Korea National Health & Nutrition Examination Survey, which is classified into a Health Interview, Nutrition Survey, and Health Examination. This study is conducted on adults aged 19 years or older who completed the Health Interview and Health Examination. Among those subjects with diabetes who completed the Health Interview and Health Examination in the Korea National Health & Nutrition Examination Survey from 2007 – 2010, those who had already been diagnosed with diabetes were excluded. The diagnostic criteria for diabetic patients include those in treatment for diabetes, or those who were found to have a fasting blood glucose of 126mg/dl or higher during the Health Examination. Newly diagnosed diabetic patients are those diagnosed with diabetes for the first time during the Health Examination, and they excluded those already receiving treatment for diabetes.

2. METHODS
This study classified the subjects into age groups and weight groups (according to each patient's degree of obesity), and analyzed the characteristics of each group according to gender.
1) Classification by age
Age groups have no standardized criteria for classification and they were thus classified as follows, solely as a matter of convenience: young age, 19 – 39 years; middle age, 40 – 59 years; and old age, 60 years or older.

2) Physical measurements and classification of the degree of obesity
A nurse that received special education pertaining to the Korea National Health & Nutrition Examination Survey measured the patients' heights using SECA 225 and their weights using the digital scale, GL-6000-20. The measurements included waist measurement, body mass index (BMI), blood pressure, fasting blood glucose, fasting plasma insulin, glycated hemoglobin, total cholesterol, neutral fat, and high-density lipoprotein cholesterol.
The degree of obesity was classified as follows, per BMI (body mass index: kg/m2), according to the standards set forth by the Korean Society for the Study of Obesity: normal weight, 18.5 < BMI < 23; overweight, 23 ≤ BMI < 25; and obese, BMI ≥ 25

3) Measurement of insulin resistance and insulin secretion ability
Insulin resistance and insulin secretion ability were calculated using homeostatic model assessment (HOMA).7


3. Statistical analysis
The average of each variable according to age group was compared using analysis of variance (ANOVA), and statistical significance was tested using Scheffé's method. All measurements are represented in the form of mean ± standard deviation, and they were considered statistically significant when the P-value was < 0.05. Analysis was conducted using SPSS for Windows (version 20.0; SPSS Inc., Chicago, IL, USA).


RESULTS
1. Demographic and clinical characteristics according to subjects' age
Among the 33,829 subjects who participated in the fourth (2007 – 2009) Korea National Health & Nutrition Examination Survey, 28,075 were participants aged 19 years or older. Furthermore, 2,109 (7.5%) of the 28,075 subjects were diabetic patients, and 620 (29.4%) of those were newly diagnosed patients; 1,489 patients were already in treatment for diabetes. The subjects of this study were newly diagnosed diabetic patients (616 out of 620), excluding 4 patients who did not have BMI measurements.
The patients' average age was 35.06 ± 3.92 years for those in the young age group, 50.34 ± 5.64 years for the middle age group, and 70.13 ± 6.64 years for the old age group. The subjects' BMI was 26.89 ± 4.70 kg/m2 for the young age group, 25.59 ± 3.25 kg/m2 for the middle age group, and 24.60 ± 3.30 kg/m2 for the old age group, and there was a statistically significant difference among the three groups. The HOMA-IR was 5.00 ± 4.05 for those in the young age group, 4.70 ± 3.53 for the middle age group, and 4.89 ± 4.71 for the old age group, and there were no statistically significant differences among the three groups. HOMA β-cells were highest in the young age group at 87.94 ± 77.40 and lowest in the middle age group at 58.13 ± 40.92, and there was a significant difference among the three groups (Table 1).
[image: Table  ]Table 1
Baseline characteristics according to age groupData are mean ± standard deviation.
AC, abdominal circumference; FBS, fasting plasma sugar; HbA1C, hemoglobin A1c; HOMA-IR, [Fasting insulin (IU/mL) × fasting plasma glucose (mmol/L)] / 22.5; HOMA β-cell, [20 × fasting plasma insulin (IU/mL)] / [fasting plasma glucose (mmol/L) - 3.5];
a, young age group and middle age group, P < 0.05;
b, young age group and old age group, P < 0.05;
c, middle age group and old age group, P < 0.05





2. Obesity rate according to gender and age
The 616 research subjects were divided according to gender (324 men and 292 women) to analyze the degree of obesity. The obesity rate of each generation of male diabetic patients was as follows: normal weight (n = 7; 16.6%), overweight (n = 11; 26.2%), and obesity (n = 24; 57.2%) in the young age group (n = 42); normal weight (n = 33; 20.9%), overweight (n = 29; 18.4%), and obesity (n = 96; 60.7%) in the middle age group (n = 158); and normal weight (n = 49; 39.5%), overweight (n = 30; 24.2%), and obesity (n = 45; 36.3%) in the old age group (n = 124). The obesity rate of each generation of female diabetic patients was as follows: normal weight (n = 8; 17.8%), overweight (n = 10; 22.2%), and obesity (n = 27; 60.0%) in the young age group (n = 45); normal weight (n = 23; 20.5%), overweight (n = 30; 26.8%), and obesity (n = 59; 52.7%) in the middle age group (n = 112); and normal weight (n = 31; 23.0%), overweight (n = 30; 22.2%), and obesity (n = 74; 54.8%) in the old age group (n = 135).
In both men and women, higher age was associated with a higher ratio of normal weight and a lower ratio of overweight or obesity. The obesity rate was highest in the middle age group of men, while it was highest in the young age group for women (Fig. 1).
[image: Figure F1 ]Fig. 1
Obesity according to age group in male and female.



3. Insulin resistance according to gender, age, and degree of obesity
For men, the more obesity they were (in all age groups), the higher their insulin resistance. HOMA-IR in the young age group was 5.62 among those of normal weight, and 6.01 among those who were considered obese; HOMA-IR in the middle age group was 3.42 among those of normal weight, and 5.27 among those who were considered obese; and HOMA-IR in the old age group was 4.03 among those of normal weight, and 5.1 among those who were considered obesity (Fig. 2).
[image: Figure F2 ]Fig. 2
HOMA-IR according to age group in male.


For women, the more obesity they were in the young age and middle age groups, the higher their insulin resistance (normal weight, 2.91 and 3.28; overweight, 4.02 and 3.76; and obesity, 4.64 and 6.04, respectively). However, in the old age group, insulin resistance was highest among those of normal weight (normal weight, 7.06; overweight, 4.42; and obese, 3.58) (Fig. 3).
[image: Figure F3 ]Fig. 3
HOMA-IR according to age group in female.



4. Relationship between insulin resistance and insulin secretion ability according to gender, age, and degree of obesity
Men first diagnosed with diabetes tended to show an increase in insulin secretion as a reward for the increase of insulin resistance in all age groups. Only those in the young age group and with normal weight showed a decrease in insulin secretion ability despite the increase in insulin resistance (Fig. 4).
[image: Figure F4 ]Fig. 4
Relationship between insulin resistance and insulin secretory function according to obesity and age group in male.

Y-N : young normal, Y-OW : young overweight, Y-O : young obesity
M-N : middle normal, M-OW : middle overweight, M-O : middle obesity


O-N : old normal, O-OW : old overweight, O-O : old obesity





For women, insulin secretion ability was highest in the young age group, regardless of insulin resistance among all BMI groups (normal weight, overweight, and obese), while it was lowest in the old age group (Fig. 5).
[image: Figure F5 ]Fig. 5
Relationship between insulin resistance and insulin secretory function according to obesity and age group in female.

Y-N : young normal, Y-OW : young overweight, Y-O : young obesity
M-N : middle normal, M-OW : middle overweight, M-O : middle obesity


O-N : old normal, O-OW : old overweight, O-O : old obesity







DISCUSSION
The prevalence rate of diabetes has been rapidly increasing in the last 30 years. Diabetes prevalence in Korea, as first surveyed in 1971, was merely 1.5% in adults aged 30 years or older.8 However, the results of the fourth Korea National Health & Nutrition Examination Survey showed that diabetes prevalence in adults aged 30 years or older increased from 9.9% in 2007–2009 to 12.4% in 2011, which proves that the number of diabetic patients in Korea increased by a magnitude of 6 – 7 times in the last 30 years.2, 5, 6, 7 A total of 14.1% (n = 87) of newly diagnosed diabetic patients in this study were in the young age group, which is considerably high when compared to the report that only 2.6% of all diabetic patients are in their 30s.2 The diabetes prevalence among those in the young age group was high because the subjects of this study were newly diagnosed patients who did not know they had diabetes prior to completing the survey. According to data rleased in 2012 by the Korean Diabetes Association, the diabetes recognition rate of people aged 30 – 44 years is 54.4%, indicating that about half (45.6%) of them were unaware that they had diabetes.6 Therefore, the ratio of those in the young age group may have been higher in this study than in the actual diabetic population.
The overweight and obesity rates among those with a BMI of 23 kg/m2 or higher were 83.3%, 79.2%, and 60.5% for those in the young age, middle age, and old age groups for men, and 82.2%, 79.5%, and 77.0% in the same groups for women, respectively, showing that it was highest in the young age group for both men and women. These figures are higher than the overweight and obesity rate (70.2%) announced by Song et al.,9 in 2007. The more interesting thing is that in the study by Song et al.,10 the obesity rate among those with a BMI of 25 kg/m2 or higher was 42.5%, but in this study, the rate was similar in old age (60 years or older), as highlighted by an obesity rate of 36.3% for men; this rate increased rapidly to 57.1% among men and 60.0% among women in the young age group.
Insulin resistance increased in all ages of men if they were more obesity. Insulin resistance in the same weight group was highest in the young age group. According to Rhee et al.,11 diabetic patients who present with metabolic syndrome show a clear decrease in their insulin secretion ability and an increase in their insulin resistance; however, those not accompanied by metabolic syndrome showed only a decrease in insulin secretion ability without an increase in insulin resistance. This suggests that, assuming the obese group is more likely to be accompanied by metabolic syndrome, patients that are more obese tend to show increased insulin resistance.
Interestingly, insulin resistance was highest for women of normal weight in the old age group in this study. This result implies that if diabetes is newly developed in women of older ages, even if these individuals are of normal weight, they are more likely to present with underlying diseases that may increase insulin resistance. One example may be that these women use steroids to treat arthritis or malignant diseases, which subsequently increases their insulin resistance.
An outbreak of type 2 diabetes is caused by an increase in insulin resistance followed by a decrease in insulin secretion ability.12 If insulin resistance continues, β-cells are exhausted by glucose toxicity, fat toxicity, and a disorder of proinsulin biosynthesis, and if the insulin secretion increase is not enough to make up for the increase in insulin resistance, it leads to diabetes.9, 13, 14 Therefore, if insulin resistance is high or if the β-cells' ability is not high, diabetes is likely to occur. One of the causes for this explosive growth of diabetes in Asian countries, which are relatively non-obese, can be explained by the thrift phenotype hypothesis. The thrift phenotype hypothesis states that when there is a nutrient deficiency during the fetal stage (when β-cell differentiation is active), it renders pancreas differentiation insufficient. As the child becomes an adult, and he or she falls into an environment that results in insulin resistance, he or she cannot discharge enough insulin, thus resulting in diabetes.15
South Korea is a country that has achieved economic growth at the world's most rapid speed. It had remained one of the world's least developed countries until the 1970s, but as it developed into an advanced society starting from 1990, only very few people were exposed to extreme poverty. Thus, diabetes occurring in old age can be explained by the thrift phenotype hypothesis, in which the amount of β-cells is insufficient, while unlike the above, diabetes occurring in young age is likely to be caused by insulin resistance due to obesity. This assumption was proven in women. For men, they showed an increase in insulin resistance if they were obese regardless of age (Fig. 4), while for women, insulin secretion ability decreased from young age to middle age, and then in old age regardless of weight (Fig. 5).
The limitation of this study is that it only compared insulin resistance with fragmentary HOMA-IR. Moreover, the HOMA method is an index that reflects insulin resistance in a relatively accurate manner, but it is not as accurate as insulin clamp or intravenous glucose load. Nonetheless, this study holds significance, as it showed that the degrees of obesity and insulin resistance vary according to gender and age in patients first diagnosed with diabetes in Korea. Moreover, this study used the data of the Korea National Health & Nutrition Examination Survey, and thus the representativeness of these data is reliable, and the results can be analyzed as characteristics of all diabetic patients in Korea.
As diabetes prevalence increases in younger ages in Korea, the demographic characteristics of diabetic patients are becoming more diverse. Therefore, it is important to clarify diabetes characteristics according to patients' gender, age, and degree of obesity. It is also essential that the most suitable treatments for individual patients are established accordingly. It is necessary to secure additional information on the pathological physiology of diabetes, as well as on any suitable drugs, according to patients' demographic characteristics through further investigations.
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Obesity according to age group in male and female.
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HOMA-IR according to age group in male.
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HOMA-IR according to age group in female.
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[image: Figure F4 ]Figure 4

Relationship between insulin resistance and insulin secretory function according to obesity and age group in male.

Y-N : young normal, Y-OW : young overweight, Y-O : young obesity
M-N : middle normal, M-OW : middle overweight, M-O : middle obesity


O-N : old normal, O-OW : old overweight, O-O : old obesity
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[image: Figure F5 ]Figure 5

Relationship between insulin resistance and insulin secretory function according to obesity and age group in female.

Y-N : young normal, Y-OW : young overweight, Y-O : young obesity
M-N : middle normal, M-OW : middle overweight, M-O : middle obesity


O-N : old normal, O-OW : old overweight, O-O : old obesity
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[image: Table  ]Table 1

Baseline characteristics according to age groupData are mean ± standard deviation.
AC, abdominal circumference; FBS, fasting plasma sugar; HbA1C, hemoglobin A1c; HOMA-IR, [Fasting insulin (IU/mL) × fasting plasma glucose (mmol/L)] / 22.5; HOMA β-cell, [20 × fasting plasma insulin (IU/mL)] / [fasting plasma glucose (mmol/L) - 3.5];
a, young age group and middle age group, P < 0.05;
b, young age group and old age group, P < 0.05;
c, middle age group and old age group, P < 0.05
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