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INTRODUCTION

Obesity is increasing worldwide and is recognized as being closely as-

sociated with chronic diseases, such as diabetes mellitus (DM) [1]. Obe-

sity results in health problems caused by excessive fat accumulation [2]. 

The prevalence of adult obesity in Korea is 42.3% for male and 26.4% for 

women, central obesity is also increasing due to abdominal fat accumu-

lation [3]. Obese adults have more than double the incidence of DM and 

rates of fasting glucose disorders are higher in obese adults [4]. There are 

more than 382 million people with DM worldwide. In approximately 15 

years, it is estimated that approximately 10% of the world’s population 

will have DM [5]. Currently, the prevalence of adults with diabetes in 

Korea is 12.4% [6]. 

Body mass index (BMI) is used to measure obesity. Even if the BMI is 

normal, waist circumference (WC) or the waist-to-hip circumference ra-

tio increases the risk of DM and metabolic syndrome. There is growing 

interest in the distribution of body fat, especially abdominal obesity [7]. 

Consequently, central obesity is a predictive factor for DM [8]. BMI in-

creases, individuals are more vulnerable to DM [1]. Abdominal obesity 

may also be a predictor for DM [8] and WC has been used as an index of 

abdominal obesity [4].

In a study developed for Western populations, obesity was defined as a 

BMI >30 kg/m2 and being overweight was defined as a BMI >25 kg/m2 

[2]. However, the World Health Organization’s classification criteria are 
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not suitable for Asian populations [7]. It is more appropriate to define 

obesity for the Asian population as a BMI ≥ 25 kg/m2 [9]. Therefore, this 

standard was used in this study.

BMI is positively correlated with fasting glucose and hemoglobin A1c 

(HbA1c) as fat tissue increases the prevalence of DM [10]. The American 

Diabetes Association has suggested the measurement of fasting blood 

glucose (FBS) and HbA1c levels for the diagnosis of DM [11]. FBS reflects 

the level of glucose at the time of testing. HbA1c reflects the average 

blood glucose level for 3 months depending on the life of the red blood 

cells [12]. 

In previous studies related to obesity, accumulation of abdominal fat 

was considered to explain the relationship between obesity and meta-

bolic syndrome [1]. WC is an independent and significant prognostic in-

dicator for obesity-related DM [8]. In addition, in a comparative study 

on diabetes risk according to obesity type, the BMI (≥ 25 kg/m2) and 

WC (males ≥ 90 cm, females ≥ 85 cm) groups, the WC (males ≥ 90 cm, 

females ≥ 85 cm) groups were found to be factors influencing increased 

prevalence of DM, and the BMI (≥ 25 kg/ m2) group was not a factor in-

fluencing the prevalence of DM [13]. Abdominal obesity and DM preva-

lence have been found to be related in both men and women [14]. Obesi-

ty according to BMI classification [10], Central obesity according to WC 

classification [8] as well as the type of obesity (General obesity and ab-

dominal obesity group, general obesity group, abdominal obesity group) 

[13] are risk factors for DM. For DM prevention and early detection, it is 

necessary to determine the effect of general obesity and abdominal obe-

sity on the increase of FBS and HbA1c, which are DM diagnostic indica-

tors, in subjects without DM.

The purpose of this study was to identify the factors affecting FBS and 

HbA1c for early detection and prevention in patients prior to a DM di-

agnosis. Thus, in this study, subjects diagnosed with DM were excluded 

to rule out the outcomes of DM. This study aimed to determine the in-

fluence of BMI and WC on FBS and HbA1c in individuals without DM. 

This study also provides a basis for the early detection of DM. 

METHODS

1. Design 

This descriptive survey study investigated the effects of BMI and WC 

on FBS and HbA1c levels in adults without diabetes mellitus.

2. Setting and Samples

The subjects of this study were adults (>20 years), and their data were ex-

tracted from the 6th National Health and Nutrition Survey 2015 

(KNHANES Ⅵ-3) data. The KNHANES Ⅵ-3 used a two-stage cluster sam-

pling method to select representative survey subjects in Korea. The first-

level extraction used a survey and the second-level extraction used the 

family. The survey consisted of a health interview, nutritional survey, 

and health examination. All participants underwent physical examina-

tions by trained staff and they completed a questionnaire. This study 

analyzed 4,659 subjects aged 20 years and older who were not diagnosed 

with DM.

3. Variable measurement 

1)�FBS�and�HbA1c�

Blood was collected by a trained professional after fasting for at least 8 

hours. FBS was measured using the hexokinase UV (Hitachi Automatic 

Analyzer 7600-210, Hitachi, Tokyo, Japan). According to the FBS level, 

normal was defined as a FBS < 100 mg/dL, an increased diabetes risk 

was defined as an FBS of 100-125 mg/dL, and a diabetes diagnosis was 

confirmed with an FBS of ≥ 126 mg/dL [11]. In this study, according to 

the classification criteria [11], FBS normal group (< 100 mg/dL) and a 

high FBS group (100-125 mg/dL) were classified.

HbA1c levels were measured by high-performance liquid chromatog-

raphy (Tosoh G8, Tosoh, Tokyo, Japan). According to the HbA1c levels, 

a normal level was < 5.7%, an increased diabetes risk category was 5.7-

6.4%, and a diagnosis of diabetes was ≥ 6.5% [11]. In this study, HbA1c 

normal group (< 5.7%) and high HbA1c group (5.7-6.4%) were classified 

according to the criteria [11].

2)�BMI

The BMI was the subject’s weight (kg) divided by height squared (m2). 

Height, and weight were measured in the morning after fasting over-

night. In this study, normal weight (BMI < 23 kg/m2), overweight (BMI; 

23-24.9 kg/m2) and obesity (BMI ≥  25 kg/m2) were used as classification 

criteria [9]. In a study developed for Western populations, obesity was 

defined as a BMI >30 kg/m2 and being overweight was defined as a BMI 

>25 kg/m2 [2]. However, the World Health Organization’s classification 

criteria are not suitable for Asian populations [7]. It is more appropriate 

to define obesity for the Asian population as a BMI ≥ 25 kg/m2 [9]. 

Therefore, this standard was used in this study.
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3)�WC�

WC was measured in the middle between the last rib and iliac ridge. 

This was not the maximum WC [15]. The same measurement method 

was applied in this study. According to the criteria presented by the 

Obesity Society [16] and in this study, a WC ≥ 90 cm for males and WC

≥ 85 cm for females were used as abdominal obesity criteria.

4. Data analysis

The data in this study applied a complex sampling design analysis to 

reflect weights that were stratified and clustered. In the raw data of the 

National Health Nutrition Survey, there were missing values. Therefore, 

complete observations were only used data analysis. General character-

istics indicated unweighted frequencies and weighted estimate rates. FBS 

and HbA1c differences were analyzed according to general characteris-

tics. BMI and WC were analyzed using a complex sample t-test and Rao-

Scott chi-square test. Complex sample multiple logistic regression analy-

sis was performed to identify the variables that influence the increase in 

FBS and HbA1c levels. The adjusted odds ratios (aORs) and 95% CIs 

were calculated as dependent variables for FBS and increases in HbA1c 

(SPSS 24.0).

5. Ethical consideration

This study used KNHANES VI-3 data, which surveyed a large num-

ber of subjects nationwide. KNHANES VI-3 was previously approved 

by the Korea Centers for Disease Control and Prevention Institutional 

Review Board (IRB) (approval number 117002), and personal informa-

tion was coded with a serial number to ensure the anonymity and confi-

dentiality of the subject. This researcher has obtained permission to use 

KNHANES VI-3 data from the responsible institution.

RESULTS

1. General characteristics

The participants’ average age was 45.77 years. Males represented 

48.8% and females represented 51.2% of the participants. Regarding the 

participants’ educational level, beyond-college level represented the 

highest group at 39.7%. Regarding the economic level, the middle-high 

income group was the highest at 26.08%. Regarding the BMI classifica-

tion, the participants’ average BMI was 23.81 kg/m2, 43.6% had a normal 

weight, 23.1% were overweight, and 33.4% were obese. The participants’ 

WC was 82.20 cm for males, 70.4% were less than 90 cm, and 29.6% were 

more than 90 cm. In females, 74.4% were less than 85 cm, and 25.6% 

were > 85 cm. The average FBS was 96.13 mg/dL. The FBS normal 

group represented 74.7% of the participants and the high FBS group rep-

resented 25.3% of the participants. The average HbA1c was 5.49%. The 

HbA1c normal group represented 80.8% of the participants and the high 

HbA1c group represented 19.2% of the participants (Table 1).

2.  FBS and HbA1c differences according to the general 

characteristics 

The age of the participants was higher in the high FBS group (52.20 

yr) than in the FBS normal group (43.38 years) (t=114.29, p< .001). Re-

garding age classification, 20-34 year-olds (34.1%) were the most com-

mon participants in the FBS normal group and 51-64 year-olds (34.4%) 

were the most common participants in the high FBS group (χ2 =264.86, 

p< .001). In terms of sex, females (54.7%) were more common in the FBS 

normal group, and males (61.6%) were more common in the high FBS 

group (χ2 = 88.98, p< .001). For the educational level, the beyond-college 

level (43.4%) was the most common educational level in the FBS normal 

group and high school (36.6%) was the most common level in the high 

FBS group (χ2 =113.15, p< .001).

The age of the participants was higher in the high HbA1c group 

(56.50 years) than in the  HbA1c normal group (42.99 years) (t=124.45, 

p< .001). Regarding age classification, participants 35-50 years (35.7%) 

were the most common in the HbA1c normal group and participants 

51-64 years (41.1%) were the most common in the high HbA1c group (χ2 

= 511.64, p< .001). For the educational level, beyond-college level partici-

pants (43.9%) were the most common in the HbA1c normal group and 

high school level participants (34.5%) were the most common in the 

high HbA1c group (χ2 =230.76, p< .001) (Table 2).

3.  FBS and HbA1c differences according to the to the BMI and 

WC

The participants’ BMI was higher in the high FBS group (25.35 kg/

m2) than in the FBS normal group (23.28 kg/m2) (t =202.30, p< .001). 

Regarding the BMI classification, a normal weight (50.0%) was most 

common in the FBS normal group and obesity (50.1%) was most com-

mon in the high FBS group (χ2 =258.68, p< .001). The WC of the partici-

pants was higher in the high FBS group (87.55 cm) than in the FBS nor-

mal group (80.34 cm) (t=384.94, p< .001). Specifically, a WC ≥ 90 cm, 
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the criterion for abdominal obesity in men, was found to be higher in 

the high FBS group (42.2%) than in the FBS normal group (24.4%) (χ2 

= 62.05, p< .001). A WC ≥ 85 cm, the criterion for abdominal obesity in 

women, was found to be higher in the high FBS group (48.9%) than in 

the FBS normal group (19.3%) (χ2 =182.98, p< .001).

The participants’ BMI was higher in the high HbA1c group (25.39 kg/

m2) than in the HbA1c normal group (23.42 kg/m2) (t=168.30, p< .001). 

Regarding BMI, a normal weight (47.9%) was most common in the 

HbA1c normal group and obesity (51.8%) was most common in the high 

HbA1c group (χ2 =190.88, p< .001). The WC of the participants was 

higher in the high HbA1c group (87.61 cm) than in the HbA1c normal 

group (80.85 cm) (t=286.67, p< .001). Specifically, a WC ≥ 90 cm was 

found to be higher in the high HbA1c group (48.6%) than in the HbA1c 

normal group (25.3%) (χ2 =77.24, p< .001). A WC ≥ 85 cm was found to 

be higher in the high HbA1c group (50.0%) than in the HbA1c normal 

group (19.0%) (χ2 =195.82, p< .001) (Table 3).

4. Predictive variables for increased the FBS and HbA1c 

The factors influencing the high FBS group were WC, age, and sex. 

The incidence of the high FBS group increased 1.60 times (95% CI 1.15 

to 2.24, p= .006) in males with a WC ≥ 90 cm and 1.78 times (95% CI 

1.27 to 2.50; p= .001) in females with a WC ≥ 85 cm. On the other hand, 

it was found that being overweight or obese in the BMI classification did 

not influence the high FBS group. Regarding age, the incidence of the 

high FBS group increased 2.83 times (95% CI 2.12 to 3.785; p< .001) in 

the 35–50 years age group, 4.51 times (95% CI 3.33 to 6.15; p< .001) in 

the 51–64 years age group and 4.80 times (95% CI 3.53 to 6.54; p< .001) 

in the 65 years or older age group compared with the 20–34 years age 

group. The incidence of the high FBS group decreased by 0.69 times 

(95% CI 0.59 to 0.81; p< .001) more in females than in males.

The factors influencing the high HbA1c group were BMI, WC, age, 

and sex. Regarding the BMI classification, the incidence of the high 

HbA1c group was 1.54 times (95% CI 1.09 to 2.19; p< .001) higher in 

Table 1. Weighted Prevalence of Participant General Characteristics               (N= 4,659) 

Variables           Categories Unweighted n (Weighted %) Unweighted  n (Weighted  mean)

Age (yr) 4,659 (45.77)
20-34 903 (28.5)
35-50 1,353 (33.4)
51-64 1,333 (24.3)
Over 65 1,070 (13.8) 

Sex Male 1,984 (48.8)
Female 2,675 (51.2) 

Education level Under elementary school 977 (14.8) 
Middle school 475 (8.5) 
High school 1,522 (37.0) 
Beyond college 1,554 (39.7) 

Economic level Low 1,110 (24.1) 
Middle low 1,147 (24.9) 
Middle high 1,222 (26.1) 
High 1,156 (24.9) 

BMI (kg/m2) 4,650 (23.81)
Normal weight ( < 23) 1,978 (43.6)
Overweight (23-24.9) 1,099 (23.1)
Obesity ( ≥ 25) 1,573 (33.4)

WC (cm) 4,655 (82.20)
Male < 90 1,369 (70.4)

≥ 90 613 (29.6)
Female < 85 1,907 (74.4)

≥ 85 766 (25.6)
FBS (mg/dL) 4,427 (96.13)

< 100 3,190 (74.7)
100-125 1,237 (25.3)

HbA1c (%) 4,406 (5.49)
< 5.7 3,357 (80.8)
5.7-6.4 1,049 (19.2)

BMI = body mass index; WC = waist circumference; FBS = fasting blood sugar; HbA1c = hemoglobin A1c.
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overweight participants, and 2.22 times (95% CI 1.46 to 3.36; p= .042) 

higher in the obese participants compared with the normal weight 

group. The incidence of the high HbA1c group increased 1.99 times (95% 

CI 1.54 to 3.18; p< .001) in males with a WC ≥ 90 cm and 1.87 times 

(95% CI 1.31 to 2.67; p= .001) in females with a WC ≥ 85 cm.

Regarding age, the incidence of the high HbA1c group increased 5.08 

times (95% CI 2.44 to 10.56; p< .001) in the 35-50 years age group, 15.40 

times (95% CI 7.43 to 31.93; p< .001) in the 51-64 years age group and 

20.19 times (95% CI 9.56 to 42.66; p< .001) in the 65-years or older age 

group compared with the 20–34 years age group. The incidence of the 

high HbA1c group decreased by 0.75 times (95% CI 0.62 to 0.91; p= .005) 

more in women than in men (Table 4).

DISCUSSION

This study investigated the effects of BMI and WC on FBS and 

HbA1c in Korean adults undiagnosed with DM for early diagnosis and 

prevention. In this study, the factors affecting the FBS increase group 

were WC, age, and sex, and the factors affecting the HbA1c increase 

group were BMI, WC, age, and sex. Elevated FBS and HbA1c are used as 

indicators for a diagnosis of diabetes. HbA1c is a better indicator than 

FBS for the treatment of diabetic patients [10,12].

In the current study, BMI was a factor that influenced the high HbA1c 

group. However, it was not found to be an influencing factor in the in-

crease of FBS. BMI is positively correlated with FBS [10] and HbA1c lev-

els [1]. FBS increases with obesity [10], and obesity causes peripheral re-

sistance to insulin-mediated glucose intake and decreases β-cell sensitiv-

ity to glucose. This is also an influencing factor for DM [21]. The proba-

bility of DM increases with an increasing BMI, and increases by 2.79 

times in obese cases [17]. In the case of obesity among patients with DM, 

the HbA1c is not well controlled [22]. The mechanism by which obese 

individuals with an increased HbA1c level are associated with increased 

blood glucose is through weight gain [12]. Weight loss decreases the inci-

dence of DM due to a decrease in blood glucose [23]. In this study, BMI 

affected HbA1c because excessive adipose tissue inhibits the regulation 

of blood sugar. Therefore, this researcher believes that it is essential to 

maintain a normal BMI to prevent DM.

In our study, BMI was not a factor in the high FBS group because 

Table 2. Weighted Prevalence of High FBS and HbA1c according to the General Characteristics             (N= 4,659)

Variables/Category

FBS HbA1c

Normal group 
( < 100 mg/dL) 

n = 3,190

High group 
(100-125 mg/dL) 

n = 1,237 t or χ2 (p)

Normal group 
( < 5.7%) 
n = 3,357

High group 
(5.7-6.4%) 
n = 1,049 t or χ2 (p)

Unweighted n 
(Weighted %) 

Unweighted n 
(Weighted %)

Unweighted n 
(Weighted %)

Unweighted n 
(Weighted %)

Age (yr) 114.29 ( < .001) 124.45 ( < .001)
Weighted mean 43.30 52.20 42.99 56.50

20-34 777 (34.1) 77 (11.8) 264.86 ( < .001) 827 (34.1) 25 (4.8) 511.64 ( < .001)
35-50 988 (34.0) 320 (33.5) 1,104 (35.7) 200 (26.5)
51-64 820 (21.2) 462 (34.4) 856 (20.6) 420 (41.1)
Over 65 605 (10.7) 378 (20.3) 570 (9.6) 404 (27.7)

Sex 
Male 1,234 (45.3) 674 (61.6) 88.98 ( < .001) 1,429 (49.2) 473 (50.5) 0.42 (.490)
Female 1,956 (54.7) 563 (38.4) 1,928 (50.8) 576 (49.5)

Education level
Under elementary school 559 (11.4) 340 (22.6) 113.15 ( < .001) 539 (10.8) 353 (28.3) 230.76 ( < .001)
Middle school 297 (7.6) 153 (10.5) 306 (7.3) 141 (12.7)
High school 1,066 (37.6) 403 (36.6) 1,159 (38.0) 301 (34.5)
Beyond college 1,199 (43.4) 298 (30.4) 1,271 (43.9) 224 (24.5)

Economic level
Low 717 (22.9) 311 (25.3) 3.14 (.474) 787 (23.4) 236 (23.9) 2.95 (.442)
Middle low 789 (25.0) 298 (24.8) 831 (24.9) 252 (25.5)
Middle high 859 (26.5) 324 (26.1) 875 (26.1) 300 (27.7)
High 807 (25.5) 299 (23.8) 845 (25.6) 257 (22.9)

BMI = body mass index; WC = waist circumference; FBS = fasting blood sugar; HbA1c = hemoglobin A1c.
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Asians have more abdominal fat than Caucasians at the same BMI level 

[1]. It is thought that the effect on FBS is greater for WC than BMI. In 

DM patients, BMI affects an increase in FBS [10], because the subjects in 

this study were not diagnosed with DM, it is thought that different re-

sults were given.

In the present study, WC was a factor influencing high FBS and HbA1c 

levels. Specifically, FBS and HbA1c levels were increased in participants 

with abdominal obesity (male ≥ 90 cm; female ≥85 cm). WC and HbA1c 

were positively correlated, and WC was higher in participants with an 

HbA1c 5.7%-6.4% than those with an HbA1c < 5.7% [24]. WC is associat-

ed with metabolism [25]. In a study of overweight (23.0-24.9 kg/m2) indi-

viduals, the probability of high-risk DM increased 1.014 times as the WC 

Table 3. Weighted Prevalence of High FBS and HbA1c according to the BMI and WC              (N= 4,659)

Variables/Categories

FBS HbA1c

Normal group 
( < 100 mg/dL)

n = 3,190 

High group
 (100-125 mg/dL)

n = 1,237 t or χ2 (p)

Normal group 
( < 5.7%) 
n = 3,357

High group 
(5.7-6.4%) 
n = 1,049 t or χ2 (p)

Unweighted n 
(Weighted % )

Unweighted n 
(Weighted %)

Unweighted n 
(Weighted %)

Unweighted n 
(Weighted %)

BMI (kg/m²) 202.30 ( < .001) 168.30 ( < .001)
Weighted mean 23.28 25.35 23.42 25.39
Normal weight ( < 23) 1,557 (50.0) 319 (24.3) 1,595 (47.9) 275 (25.2)
Overweigh (23-24.9) 748 (22.5) 305 (25.7) 258.68 ( < .001) 802 (23.4) 247 (23.0) 190.88 ( < .001)
Obesity ( ≥ 25) 879 (27.5) 611 (50.1) 953 (28.7) 526 (51.8)

WC (cm) 384.94 ( < .001) 286.67 ( < .001)
Weighted mean 80.34 87.55 80.85 87.61
Male

< 90 925 (75.6) 386 (57.8) 62.05 ( < .001) 1,055 (74.7) 254 (51.4) 77.24 ( < .001)
≥ 90 309 (24.4) 287 (42.2) 373 (25.3) 219 (48.6)

Female
< 85 1,527 (80.7) 283 (51.1) 182.98 ( < .001) 1,513 (81.0) 289 (50.0) 195.82 ( < .001)
≥ 85 427 (19.3) 280 (48.9) 413 (19.0) 287 (50.0)

BMI = body mass index; WC = waist circumference; FBS = fasting blood sugar; HbA1c = hemoglobin A1c..

Table 4. Weighted Multivariate Logistic Regression Analysis of Factors Affecting High FBS and HbA1c             (N= 4,659) 

Variable Categories
High FBS group (100-125 mg/dL) High HbA1c group (5.7-6.4%)

AOR 95% CI (p) AOR 95% CI (p)

BMI (kg/m²) < 23 1.00 1.00
Overweight (23-24.9) 1.18 0.92-1.51 .395 1.54 1.09-2.19 < .001
Obesity ( ≥ 25) 1.17 0.87-1.58 .701 2.22 1.46-3.36 .042

WC (cm)
Male < 90 1.00 1.00

≥ 90 1.60 1.15-2.24 .006 1.99 1.54-3.18 < .001
Female < 85 1.00 1.00

≥ 85 1.78 1.27-2.50 .001 1.87 1.31-2.67 .001
Age (yr) 20-34 1.00 1.00

35-50 2.83 2.12-3.78 < .001 5.08 2.44-10.56 < .001
51-64 4.51 3.33-6.15 < .001 15.4 7.43-31.93 < .001
Over 65 4.80 3.53-6.54 < .001 20.19 9.56-42.66 < .001

Sex Male 1.00 1.00
Female 0.69 0.59-0.81 < .001 0.75 0.62-0.91 .005

Education level Under elementary school 1.00 1.00
Middle school 0.79 0.54-1.03 .058 0.87 0.71-1.08 .225
High school 0.81 0.65-1.07 .064 0.84 0.66-1.06 .161
Beyond college 0.74 0.45-1.88 .101 0.86 0.71-1.04 .125

AOR = adjusted odds ratio; CI = confidence intervals; BMI = body mass index; WC = waist circumference; FBS = fasting blood sugar; HbA1c = hemoglobin A1c.
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increased. In addition, even if obese (≥ 25.0 kg/m2) the probability of 

high-risk DM decreased 0.989 times as the WC decreased [24]. 

The DM diagnosis group had a higher WC than the non-DM diag-

nosis group. This means that Asians have more abdominal fat than that 

observed in a given BMI [26]. This abdominal visceral fat increases insu-

lin resistance by the release of free fatty acids [27]. Therefore, WC was 

thought to be high in the DM group. HbA1c can be used as an index for 

predicting DM [28]. DM can be prevented by identifying it in high-risk 

DM groups in advance of a diagnosis. WC affects metabolic syndrome 

[26]. The risk of conversion to DM was increased with dyslipidemia and 

decreased insulin sensitivity in studies with normal and high-risk DM 

patients [29]. Therefore, it is necessary to measure, utilize, and manage 

WC to prevent DM.

In our study, age was a factor influencing high FBS and HbA1c levels. 

FBS and HbA1c increased with age and correlated with age. This indi-

cated that age is an influencing factor for FBS and HbA1c [12] and the 

probability of DM risk increases with age [17]. Aging causes many 

changes in the human body. Muscle tissue decreases, thereby reducing 

glucose consumption and decreasing sensitivity to insulin receptors [18]. 

Thus, this supports the results of our study.

Sex was a factor influencing the FBS in the HbA1c increase group in 

the current study. This effect was reduced in females more than in males. 

HbA1c levels are lower in women [12]. A total of 29.7% of females and 

32.4% of males were in the high-risk DM group. The proportion of fe-

males was low [17]. These results indicate that women control HbA1c 

better than men [19]. Women with a low BMI control blood glucose 

more successfully [20]. In addition, menstruation decreases hemoglobin 

levels in women, which is associated with rapid erythrocyte turnover 

[12], HbA1c is a form where blood sugar is attached to hemoglobin, and 

HbA1c levels are lower in women with decreased hemoglobin [17].

In this study, the influencing factor in the high FBS group was WC. 

BMI does not sufficiently reflect the difference in body fat mass between 

Asians and Westerners [7]. Asians have a higher risk of DM because they 

have a relatively higher visceral fat accumulation and insulin resistance 

than Westerners despite their low BMI [30]. Therefore, in our study, it 

was found that WC had a greater effect on DM risk when participants 

were overweight than when they were obese. The difference in the ef-

fects of BMI and WC on DM diagnostic indicators in adults without 

DM was confirmed in our study. Based on the results of the present 

study, BMI and WC interventions should be included in the early detec-

tion and prevention programs for diabetes.

CONCLUSION

In this study, BMI and WC were higher in the high FBS and HbA1c 

groups. BMI was a factor influencing HbA1c increase. WC was a factor 

influencing the high FBS and HbA1c groups.

In conclusion, DM prevention and early detection programs for Ko-

rean adults should include interventions for BMI and WC. This study is 

meaningful in confirming the difference between BMI and WC for FBS 

and HbA1c in Korean adults without DM. However, the limitation of 

this study is that it does not measure the effects of BMI and WC on insu-

lin resistance, such as proinsulin. In future studies, it is essential to con-

firm the impact of BMI and WC on DM according to race, genetic fac-

tors, and insulin resistance. In addition, there is a need for research on 

the WC effect on the risk of DM in according to the level of obesity.
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