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INTRODUCTION 

The International Diabetes Federation estimates that the 
prevalence of diabetes in the global adult population will be 
10.5% in 2021 and 12.2% in 2045 [1]; 90%-95% of cases are 
type 2 diabetes mellitus (T2DM) [2]. Worldwide, approximate-
ly 50% of adults with diabetes have not been diagnosed, which 
can lead to serious vascular complications and premature death 
[1]. Intermediate hyperglycemia (IH) is a condition in which 
blood glucose levels do not meet the criteria for diabetes but 
have abnormal carbohydrate metabolism [3] and impaired glu-
cose regulation [4]. IH prevalence is increasing worldwide [3], 
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Purpose: This study investigated the associations between intermediate hyperglycemia (IH) and in-
creased body mass index (BMI), abdominal obesity (AO), high-sensitivity C-reactive protein (hs-CRP), 
and leptin levels in Korean adults. Methods: The participants were 248 adults (≥ 19 years) who under-
stood the purpose of the study, had no cognitive impairment, and were able to communicate. Physical 
examinations, BMI, AO measurements, and blood tests were performed. Data were analyzed using the 
t-test, chi-square test, Pearson correlation coefficients, and multiple logistic regression analyses. The 
risk factors for IH were predicted after adjusting for BMI, waist circumference (WC), age, hs-CRP and 
leptin levels, education, and economic status. Results: WC, hs-CRP and leptin levels, and age were 
higher in the IH group than in the non-IH group. According to the multiple logistic regression analysis, 
the factors affecting IH prevalence were WC, hs-CRP, leptin, and age. AO (male, WC ≥ 90 cm; female, 
WC ≥ 85 cm) exhibited an adjusted odds ratio of 5.45 for IH. IH was 2.43 times higher in those with 
hs-CRP > 3 mg than in those with hs-CRP < 1 mg. As leptin levels increased, the odds ratio for IH in-
creased by 3.05 times. IH was 8.07, 8.79, 18.42, and 35.33 times more common for those in their 30s, 
40s, 50s, and ≥ 60 years of age, respectively, than those 19-29 years old. Conclusion: This study pro-
vides evidence that interventions for AO should be included in IH management programs. Identifying 
the predictive factors for IH may contribute to the early detection of type 2 diabetes mellitus. 
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if left untreated, 37% of people with IH will develop T2DM 
within 4 years [5]. Both IH and T2DM are diagnosed based on 
glucose criteria that measure fasting blood glucose (FBS) and 
hemoglobin A1c (HbA1c) [6]. As the prevalence of diabetes 
continues to increase, more sensitive and practical methods to 
detect IH are needed [1]. As an adverse effect of IH, the risk of 
developing DM increases due to poor blood sugar control and 
continuous exposure to hyperglycemia [1,3,5]. IH also has a 
higher risk of developing cardiovascular disease due to unstable 
glycemic control and potential changes in blood pressure and 
lipid levels [7,8].  

Obesity is positively correlated with IH and is a major risk 
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factor for exacerbating IH [9]. Obesity is a risk factor that exac-
erbates inflammatory conditions and increases the incidence of 
impaired fasting glucose [10,11]. Obesity status is generally as-
sessed using body mass index (BMI); however, the BMI scale 
has limitations such as its inability to account for variations in 
body composition [2]. As an indicator of abdominal obesity 
(AO), waist-to-hip ratio (WHR) may be appropriate for com-
parisons between different races and genders [7,12,13]. Waist 
circumference (WC) is a direct measure of the amount of ab-
dominal fat and is useful in assessing AO. It is also a simple and 
reliable alternative measure of body composition [12]. Based 
on WC, AO is 90 cm or more for men and 85 cm or more for 
women, which is particularly useful for measuring the AO of 
normal or overweight individuals based on BMI [14,15]. AO 
may occur because of the accumulation of abdominal visceral 
fat when the BMI is normal [12]. Our study was conducted on 
Koreans, a single race, and AO was classified based on WC. 

AO is also positively associated with IH, and is a major risk 
factor for IH exacerbation [3]. AO increases IH prevalence be-
cause fat tissue induces insulin resistance (IR) and decreases the 
function of Langerhans cells, which secrete insulin in people 
with obesity [16]. IR and elevated blood sugar levels are more 
closely associated with visceral fat than with fat in other areas 
[14]. Asians accumulate more visceral fat than Westerners, de-
spite having lower BMIs, which leads to a higher risk of IH [17]. 

Individuals with obesity exhibit a greater abundance of mac-
rophages in their adipose tissues, indicating that both adipocytes 
and macrophages play significant roles in inflammation during 
obesity [18]. Even though Asians may be classified as normal 
weight based on BMI, C-reactive protein (CRP) levels are in-
creased in those with AO as measured by WC [13]. CRP is an 
inflammatory marker, elevated CRP levels are associated with 
IH and T2DM [19] Inflammation reduces vascular permeability 
and alters peripheral hemodynamics, blocking the transport of 
insulin across tissues and cells and promoting IR [18]. It is a key 
factor in the pathogenesis and development of diabetes [18,19]. 

Leptin, which is primarily responsible for regulating body 
weight by achieving a balance between food intake and energy 
expenditure, also helps regulate glucose homeostasis and insu-
lin sensitivity [2]. Leptin levels are increased in IH. Additional-
ly, obesity and leptin levels are positively correlated [20]. Secre-
tion of both leptin and insulin is affected by the total amount of 
fat deposits, including short-term changes in energy balance 
[21]. Leptin and insulin signaling are important for the regula-
tion of brain energy homeostasis [20]. Individuals with obesity 
have elevated leptin concentrations and insulin and appear to 

be resistant to appetite loss [12]. 
Most previous studies on DM have included patients with di-

abetes [2,7,15,19], obesity [4,7,9], CRP [13,19], leptin [2,20,21], 
conversion from IH to T2DM [6], and diabetes prevalence 
[1,3,11]. IH increases the risk of developing DM [3,5]. IH is 
also associated with a higher risk of developing unstable car-
diovascular disease [8]. Therefore, early detection of IH is im-
portant. Asians, such as Koreans, often have AO with a normal 
BMI [17]. Therefore, it is necessary to determine whether IH 
significantly increases in AO. Moreover, Asians with IH are 
more susceptible to developing T2DM than Westerners [3]. 
Leptin is involved in the regulation of insulin sensitivity, so 
measuring leptin in IH may help elucidate the mechanisms 
leading to diabetes. Also, because leptin plays a role in regulat-
ing appetite and energy balance, checking leptin levels in IH 
may predict appetite dysregulation and weight management 
problems [2]. Therefore, it is important to determine the rela-
tionship between leptin and IH. To our knowledge, these stud-
ies have not confirmed the relationship between obesity and 
inflammatory markers, which are factors influencing IH in 
Asian Korean adults, who have a higher conversion rate to 
T2DM than Westerners [3]. 

This study investigated the associations among IH, increased 
BMI, AO, hs-CRP, and leptin biomarkers in Korean adults. In 
particular, our study targeted adult patients with IH. Identify-
ing the predictive factors for IH may contribute to the early de-
tection of T2DM. 

METHODS 

1. Study design
This descriptive correlational study investigated the associa-

tion of IH with increased AO, hs-CRP, and leptin levels in Ko-
rean adults. 

2. Participants and data collection 
Participants were recruited through announcements on the 

hospital website. They agreed to the purpose of the study and 
enrolled in the hospital's internal medicine outpatient depart-
ment. The criteria for selecting participants were adults (≥  19 
years) who understood the purpose of the study, had no cogni-
tive impairment, and were able to communicate. The exclusion 
criteria were individuals with infectious diseases, DM diagno-
sis, and taking regular medications. Physical examination, BMI, 
AO measurement, and blood tests were performed on the final 
participants. 
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The number of participants was calculated using G*Power 
3.1 [22]; significance criteria α =  .05, When setting two com-
parison groups, medium effect size of .15, and statistical power 
(1-ß) of .80, the number of participants was calculated to be 
225. Considering a dropout rate of 10%, 250 participants were 
recruited. The final analysis was conducted with 248 people, af-
ter excluding two who withdrew from participation during the 
research process. 

3. Instruments 
1) Classification criteria of IH and non-IH groups 

According to the American Diabetes Association, FBS was 
classified as 100-125 mg/dL for the IH group and <  100 mg/dL 
for the non-IH group; HbA1c was classified as 5.7%-6.4% for 
the IH group and <  5.7% for the non-IH group [3]. 

2) Obesity and AO markers measurement 
To measure obesity, height and weight were measured after 

fasting for more than 8 hours and wearing light clothes, BMI 
was obtained as body weight divided by height squared (kg/m2) 
[23]. In this study, normal weight (BMI <  23.0 kg/m2), over-
weight (BMI =  23.0-24.9 kg/m2), obesity (BMI =  25.0-29.9 kg/
m2), and high obesity (BMI ≥  30.0 kg/m2) were classified [23]. 
The WC was measured at the midpoint between the lower ribs 
and the iliac crest [19]. WC ≥  90 cm for men and WC ≥  85 
cm for women were applied as the AO standard [15]. 

3) Blood variable measurement 
Blood was collected in a vacuum tube by a trained expert who 

punctured a vacutainer needle into the vein of the participants 
who had fasted for >  8 hours. The measurement tools, meth-
ods, and procedures were identically applied to all participants.  

In this study, the FBS levels were measured using the hexoki-
nase UV method (Hitachi Automatic Analyzer 7600-210, To-
kyo, Japan). HbA1c levels were measured using high-perfor-
mance liquid chromatography (Tosoh G8, Tokyo, Japan). The 
hs-CRP levels were measured by immunoturbidimetry using 
an automatic hemocytometer (XN 9000 Sysmex, Kobe, Japan). 
CRP is an inflammatory marker of acute inflammation, where-
as obesity-related inflammation is a low-level chronic inflam-
mation; therefore, in this study, high-sensitivity CRP (hs-CRP) 
measured in the low range of 0-10 mg/L was used [19]. The 
Centers for Disease Control and Prevention, assess inflamma-
tion risk using the hs-CRP classifications normal (hs-CRP <  1 
mg/L), moderate inflammation (hs-CRP =  1-3 mg/L), and 
high inflammation (hs-CRP >  3 mg/L) [8]. This classification 

was used in this study. Leptin levels in serum were measured by 
quantitative enzyme-linked immunosorbent assay using an 
Quantikine™ Human immunoassay kit (R&D System, Minne-
apolis, USA) with 0.5 a sensitivity following the package in-
structions. 

4. Statistical analysis 
General characteristics were analyzed by frequency, percent-

age, mean, and standard deviation. Differences in general char-
acteristics, BMI, AO markers, hs-CRP, and leptin levels be-
tween the IH and non-IH groups were analyzed using the t-test 
and chi-square test. Correlations among BMI, WC, hs-CRP, 
and leptin levels were analyzed using Pearson’s correlation coef-
ficient. Multiple logistic regression analysis was necessary to 
confirm the relative contribution of each predictor variable. A 
multiple logistic regression analysis was performed to identify 
the factors influencing IH after adjusting for BMI, WC, hs-
CRP, leptin, age, and educational and economic levels. Accord-
ing to the sex-specific AO standards, WC was converted into a 
binary variable for each sex (male, WC ≥  90 cm = 1, WC < 90 
cm = 0; female, WC ≥  85 cm = 1, WC < 85 cm = 0) (SPSS 
26.0, IBM Corp., Armonk, NY, USA). 

5. Ethical considerations 
The study was conducted after prior approval from the Han-

nam University Institutional Review Board (IRB no. 2023-02-
13-0920). The purpose of the study was explained to the direc-
tor of a hospital located in Seoul and consent was obtained. The 
researcher explained the purpose of the study, procedures, and 
possibility of withdrawal during research participation to the 
participants, and obtained participant consent forms. The data 
collection period was from October 2023 to February 2024. The 
collected data were used only as research data, and the anonym-
ity and confidentiality of personal information were guaranteed. 

RESULTS 

1. General characteristics of the IH and non-IH groups 
This study showed that the IH group was 52.4% and non-IH 

group was 47.6%. The participants’ mean age was higher in the 
IH group than in the non-IH group (t =  3.16, p =  .002). 

Among participant's aged 60 or older, the IH group (16.2%) 
was more included than the non-IH group (5.9%) (χ2 =  18.45, 
p <  .001). The IH group had more college graduates (88.5%); 
the non-IH group, had more high school graduates (71.2%)  
(χ2 =  11.64, p <  .001). 
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In the IH group, the majority were in the high economic level 
(44.6%); the majority in the non-IH group were in the medium 
economic level (55.9%) (χ2 =  6.63, p =  .036). There were no 
significant differences in sex or family members living together 
between the two groups. 

The mean FBS (t =  6.93, p <  .001) and HbA1c (t =  11.91,  
p <  .001) levels were higher in the IH group than in the non-
IH group (Table 1).  

2. BMI, AO markers, Hs-CRP, and leptin level related 
characteristics in the IH and non-IH groups 

The mean BMI (t =  4.17, p =  .042) was higher in the IH 
group than in the non-IH group. In the IH group, the majority 
were in the high-obesity (≥  30.0 kg/m2) (45.4%); the majority 
in the non-IH group were in the obesity (25.0~29.9 kg/m2) 
(43.2%) (χ2 =  16.63, p =  .001). The mean WC (t =  5.89,  
p <  .001) was higher in the IH group than in the non-IH 
group. The AO (male, WC ≥  90 cm; female, WC ≥  85 cm) 

in WC was higher in the IH group than in the non-IH group. A 
significant difference in AO was observed between the two 
groups (χ2 =  28.96, p <  .001). 

The mean hs-CRP level was higher in the IH group than in 
the non-IH group (t =  3.37, p =  .001). The most common hs-
CRP level was <  1 mg (46.2%), in the IH group and <  1 mg 
(65.3%) in the non-IH group (χ2 =  10.28, p =  .006). The mean 
leptin level was higher in the IH group than that in the non-IH 
group (t =  3.35, p =  .001) (Table 2). 

3. Correlation among BMI, WC, Hs-CRP, and leptin 
The BMI was significantly positive correlated with WC  

(r =  .79, p <  .001), hs-CRP (r =  .49, p <  .001) and leptin  
(r =  .55, p <  .001). WC was significantly positive correlated 
with hs-CRP (r =  .41, p <  .001) and leptin (r =  .37, p <  .001). 
Furthermore, hs-CRP levels were positively correlated with 
leptin levels (r =  .46, p <  .001) (Table 3). 

Table 1. General Characteristics of the IH and Non-IH Groups (N = 248)

Variables Categories Total

IH group Non-IH group

t/χ2 (p)FBS:100-125 mg/dL  
or HbA1c: 5.7%–6.4%

FBS <  100 mg/dL  
or HbA1c <  5.7%

n =  130 (52.4%) n =  118 (47.6%)

Age (yr) 42.42 ±  12.06 44.69 ±  11.63 39.92 ±  12.09 3.16 (.002)

19~29 32 (12.9) 7 (5.4) 25 (21.2) 18.45 (<  .001)
30~39 85 (34.3) 46 (35.4) 39 (33.1)

40~49 63 (25.4) 36 (27.6) 27 (22.9)
50~59 40 (16.1) 20 (15.4) 20 (16.9)

≥  60 28 (11.3) 21 (16.2) 7 (5.9)
Sex 1.58 (.208)

Male 126 (50.8) 71 (54.6) 55 (46.6)
Female 122 (49.2) 59 (45.4) 63 (53.4)

Family living together 0.88 (.347)
Yes 191 (77.0) 104 (80.0) 87 (73.7)
Alone 57 (23.0) 26 (20.0) 31 (26.3)

Education level 11.64 (<  .001)
High school 49 (19.8) 15 (11.5) 34 (28.8)
Above college 199 (80.2) 115 (88.5) 84 (71.2)

Economic level 6.63 (.036)
Low 34 (13.7) 16 (12.3) 18 (15.3)
Medium 122 (49.2) 56 (43.1) 66 (55.9)
High 92 (37.1) 58 (44.6) 34 (28.8)

FBS (mg/dL) 98.98 ±  27.52 109.56 ±  34.28 87.31 ±  6.48 6.93 (<  .001)

HbA1c (%) 5.66 ±  0.43 5.91 ±  0.44 5.39 ±  0.16 11.91 (<  .001)

Values are presented as the mean ± standard deviation or n (%).
IH = Intermediate hyperglycemia; FBS = Fasting blood sugar; HbA1c = Hemoglobin A1c.
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4. Predictive variables for increased IH 
To identify predictors for IH increase, the variables entered 

into the logistic regression analysis were those with significant 
differences between the two groups (Table 1, 2). Additionally, 
the multiple logistic regression analysis performed confirmed 
the relative contribution of each predictor variable. 

The factors affecting IH incidence were WC, hs-CRP, leptin, 
and age. The adjusted odds ratio for IH was 5.45 times [95% 
confidence interval (CI) =  2.09 to 12.44, p <  .001] higher in 
patients with AO than in those without AO. IH was 2.43 times 
(95% CI =  1.02 to 6.79, p =  .004) higher for hs-CRP >  3 mg 
than for hs-CRP <  1 mg. As leptin levels increase, the odds ra-
tio of IH increases by 3.05 times (95% CI =  1.15 to 10.09,  
p =  .003). IH was 8.07 times (95% CI =  2.31 to 28.14,  
p =  .001), 8.79 times (95% CI =  2.46 to 31.42, p =  .001), 18.42 
times (95% CI =  4.97 to 68.26, p <  .001), and 35.33 times (95% 
CI =  7.82 to 159.64, p <  .001) higher for those in their 30s, 40s, 

50s, and ≥  60 years of age, respectively, than those aged 19-29 
years (Table 4). 

DISCUSSION 

This study investigated the association between IH and in-
creased levels of AO, hs-CRP, and leptin in Korean adults. WC 
was positively correlated with hs-CRP and leptin levels, and hs-
CRP levels were also significantly correlated with leptin. As 
WC, an AO indicator, increased CRP [19], and leptin levels in-
creased [20]. 

Our study revealed that WC was notably higher in the IH 
group, a factor that significantly influenced the IH incidence. 
This is particularly significant as the pathogenesis of obesity 
and diabetes involves common pathways with increased IR and 
proinflammatory patterns [2]. Furthermore, the distribution of 
adipose tissue, as an independent factor in IR increase regard-

Table 2. BMI, AO Markers, Hs-CRP, and Leptin-related Characteristics in the IH and Non-IH Groups (N = 248)

Variables/Categories Total

IH group Non-IH group

t/χ2 (p)
FBS: 100-125 mg/dL  

or HbA1c: 5.7%-6.4%
FBS <  100 mg/dL  
or HbA1c <  5.7%

n =  130 (52.4%) n =  118 (47.6%)

BMI (kg/m2) 28.51 ±  4.90 29.89 ±  5.11 26.99 ±  4.19 4.17 (.042)
 Normal weight (<  23.0) 34 (13.7) 12 (9.2) 22 (18.6) 16.63 (.001)
 Overweight (23.0-24.9) 28 (11.3) 10 (7.7) 18 (15.3)
 Obesity (25.0-29.9) 100 (40.3) 49 (37.7) 51 (43.2)
 Severe obesity (≥  30.0) 86 (34.7) 59 (45.4) 27 (22.9)
WC (cm) 92.62 ±  13.89 97.26 ±  13.30 87.50 ±  12.73 5.89 (<  .001)
 Non-AO (male <  90 cm, female <  85 cm) 84 (33.9) 24 (18.5) 60 (50.8) 28.96 (<  .001)
 AO (male ≥  90 cm, female ≥  85 cm) 164 (66.1) 106 (81.5) 58 (49.2)
Hs-CRP (mg/L) 1.52 ±  0.57 1.83 ±  1.67 1.17 ±  1.39 3.37 (.001)
 <  1 137 (55.3) 60 (46.2) 77 (65.3)
 1-3 74 (29.8) 44 (33.8) 30 (25.4) 10.28 (.006)
 >  3 37 (14.9) 26 (20.0) 11 (9.3)
Leptin (ng/mL) 12.72 ±  8.99 14.51 ±  9.32 10.75 ±  8.20 3.35 (.001)

Values are presented as the mean ±  standard deviation or n (%).
IH =  Intermediate hyperglycemia; FBS =  Fasting blood sugar; HbA1c =  Hemoglobin A1c; BMI =  Body mass index; WC =  Waist circumference; AO =  
Abdominal obesity; Hs-CRP =  High sensitivity C-reactive protein.

Table 3. Correlations among BMI, WC, hs-CRP, and Leptin (N = 248)

Variables
BMI WC Hs-CRP Leptin

r (p)
WC .79 (<  .001) 1 - -
Hs-CRP .49 (<  .001) .41 (<  .001) 1 -
Leptin .55 (<  .001) .37 (<  .001) .46 (<  .001) 1

BMI = Body mass index; WC = Waist circumference; Hs-CRP = High sensitivity C-reactive protein.
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less of BMI [17], leads to pancreatic beta cells secreting insulin 
inappropriately to overcome this resistance, which in turn leads 
to T2DM [11]. 

In particular, excessive visceral fat accumulation without gen-
eral obesity may be accompanied by enhanced IR and inflam-
mation [3]. AO increases inflammatory cytokines secreted from 
adipocytes in abdominal fat, inhibits the action of insulin recep-
tors, increases blood insulin concentration, and worsens IR 
[12,14,15]. On the other hand, in general obesity, more fat is dis-
tributed in tissues such as muscles than abdominal fat. Because 
abdominal fat secretes relatively less inflammatory cytokines, IR 
may be lower compared to AO [3,12,14]. Therefore, the authors 
considered AO to be associated with IH. At similar BMI levels, 
Asians have higher abdominal and visceral fat levels than Cau-
casian Europeans [3]. AO is also associated with IH [9,11]. Cen-
tral obesity, including a large WC or WHR , is a predictor of IH 
and has been shown to increase IH risk of IH 1.50 times [24]. 
Increased visceral fat increases CRP levels and IH risk [3], and 
causes the secretion of adipokines (such as tumor necrosis fac-
tor and interleukin-6), that interfere with insulin receptor func-
tion, in turn increasing IR and exacerbating IH progression [24] 

AO is more strongly associated with IH than general obesity 

indices, such as BMI, which supports our findings that WC had 
a greater influence on IH. Higher WC increases the conversion 
from IH to T2DM [17], Therefore, reducing WC improves gly-
cemic control and prevents IH from progressing to T2DM [25]. 

In this research, the hs-CRP levels were higher in the IH 
group, which affected IH incidence. Obesity is associated with 
increased hs-CRP levels, which correlate with WC in mid-
dle-aged Korean adults [26]. The effect of hs-CRP (1-3 mg/L) 
was higher in the AO group than in the group with obesity [23]. 
AO is an indicator for the relationship between hs-CRP and 
AO, leading to a higher IH risk [3]. 

Visceral fat is associated with an increase in hs-CRP, even if 
the BMI index is normal, hs-CRP increases in individuals with 
only AO [26]. AO measures are more closely associated with 
the risk of IH and T2DM than BMI, and AO is associated with 
hs-CRP independent of BMI [26]. CRP is the most widely mea-
sured marker of inflammation, and inter-individual differences 
are primarily due to genetic factors. However, adiposity is an-
other major determinant of CRP synthesis in the liver through 
the production of proinflammatory cytokines [19]. 

After classifying hs-CRP levels into three grades, there was a 
relationship between the inflammatory factor hs-CRP and IH 

Table 4. Predictive Variables for Increased IH (N =  248)

Variables Categories AOR 95% CI p
BMI (ref. <  23.0 kg/m2)

Overweight (23.0-24.9) 0.98 0.43~2.21 .964
Obesity (25.0-29.9) 3.52 0.52~23.71 .195
Severe obesity (≥  30.0) 4.01 0.66~30.95 .124

WC (ref. =  male <  90 cm, female <  85 cm)
Male ≥  90, female ≥  85  5.45 2.09~12.44 <  .001

Hs-CRP (ref. <  1 mg/L)
1-3 1.20 0.84~4.82 .102
>  3 2.43 1.02~6.79 .004

Leptin 3.05 1.15~10.09 .003
Age (ref. =  19-29 years)

30-39 8.07 2.31~28.14 .001
40-49 8.79 2.46~31.42 .001
50-59 18.42 4.97~68.26 <  .001
≥  60 35.33 7.82~159.64 <  .001

Education level (ref. =  high school)
Above college 4.01 0.68~9.97 .105

Economic level (ref. =  low)
Medium 0.91 0.33~2.51 .861
High 1.49 0.73~3.06 .267

IH =  Intermediate hyperglycemia; AOR =  Adjusted odds ratio; CI =  Confidence interval; BMI =  Body mass index; WC =  Waist circumference; Hs-CRP 
=  High sensitivity C-reactive protein; ref. =  reference.



https://doi.org/10.7586/jkbns.24.016

Heashoon Lee • Intermediate hyperglycemia with elevated abdominal obesity, hs-CRP, and leptin

256

[27]. Elevated serum CRP levels in middle-aged Asians are as-
sociated with increased IH risk factors, especially high HbA1c 
levels [19]. CRP is associated with IR [23], in addition, when 
the CRP concentration is high, the risk of progression to diabe-
tes increases [27]. 

In contrast, lower CRP levels increase the likelihood of blood 
sugar levels returning to normal. In adult participants, 65.9% 
returned to normal blood sugar levels during a 4-year fol-
low-up study [27]. These results suggest that hs-CRP level may 
be a common indicator for verifying IH progression. 

Throughout this study, leptin levels, which is a factor that af-
fects IH, were higher in the IH group. Leptin is a hormone se-
creted by the adipose tissue [21]. The inflammatory response 
caused by AO causes leptin resistance by interfering with the 
operation of leptin receptors. Leptin resistance indicates chang-
es in lipid metabolism, which reduces the function of insulin 
receptors and interferes with the insulin signaling pathway, re-
sulting in IR [2,21]. Leptin increases FBS and HbA1c [21], and 
is associated with IH [20]. Since leptin affects the development 
of IH by suppressing insulin secretion [2], individuals with ele-
vated leptin levels had a higher IH rate (20%) than those in the 
normal group (2%) [20]. Our multiple logistic regression anal-
ysis showed that leptin levels increased with IH [20]. An associ-
ation has been reported between leptin and IR [28]. IR is a key 
factor in the pathogenesis of IH and T2DM [21]. 

In the hypothalamus, leptin interacts with leptin receptors to 
stimulate satiety. Insulin is responsible for maintaining proper 
energy storage and utilization, whereas leptin reduces the on-
going energy intake. Therefore, both are necessary for the regu-
lation of energy expenditure and glucose homeostasis [29]. Hy-
perleptinemia has been linked to the presence of IR, however, 
leptin levels have been negatively correlated with insulin sensi-
tivity [21]. Our study also found that increased leptin levels 
were associated with IH risk factors. 

In our current study, the IH group had older participants, 
which was a factor affecting IH incidence. In one study, IH in-
creased by 1.30 times in those aged ≥  65 years than in those 
aged 50-59 years [11]. The American Diabetes Association that 
the prevalence of IH in older adults is more than 50% [3], 
which is similar to that in the Korean adult in this study. As ag-
ing progresses, AO increases, and insulin sensitivity decreases 
owing to a decrease in skeletal muscle mass [12]. Additionally, 
T2DM prevalence in Korea is higher for those in their 30s 
(16.7%) and for those aged ≥  65 years (30.1%), and increases 
with age [15]. Physiological changes due to aging make blood 
sugar control difficult, and complications are more likely to oc-

cur in older than in younger adults [11]. Since IH is closely re-
lated to T2DM, factors associated with IH in older adults must 
be identified to prevent T2DM [3]. 

Pathological dysregulation that eventually leads to diabetes is 
preceded by IH [3]. We believe this is an initial step and oppor-
tunity for preventive interventions. Approximately 25% of pa-
tients with IH progress to T2DM within 3-5 years, and up to 
70% of patients with IH develop diabetes during their lifetime 
[3]. 

Our study provides insights for the early detection and pre-
vention of diabetes progression in patients with IH. Reducing 
AO in patients with IH can prevent the progression to diabetes. 
AO management is an important intervention for preventing 
the transition from IH to T2DM [25]. In particular, aerobic ex-
ercises, such as walking, running, and cycling, should be imple-
mented to reduce AO [30]. 

A limitation of this study is that patients could not be exclud-
ed who had with liver failure, a factor that interferes with CRP 
production [19]. Additionally, unmeasured factors such as the 
amount of exercise, eating habits, and body fat percentage may 
have influenced the study results. In future studies, it is neces-
sary to identify a more accurate indicator of the amount of ab-
dominal fat by including not only WC in the measurement of 
AO, but also WHR, which reflects hip circumference. 

CONCLUSION 

The results of this study indicated WC, hs-CRP, leptin, and 
age were factors that affected IH incidence. IH prevention and 
management programs for Korean adults should include man-
agement of AO, hs-CRP, and leptin. This can prevent the con-
version to diabetes. 

In the present study, patients with IH were able to control 
their blood sugar levels by monitoring their inflammation lev-
els. This suggests that hs-CRP and leptin may be additional 
biomarkers for identifying individuals at a high risk of IH. This 
has clinical significance for the treatment and prevention of IH 
[27]. Patients should be educated about the potential conse-
quences of poorly managed IH and obesity. Lifestyle modifica-
tions that influence leptin levels should be encouraged as pro-
active measures. 

ORCID 

Heashoon Lee, https://orcid.org/0000-0002-2256-3352 

https://orcid.org/0000-0002-2256-3352


Heashoon Lee • Intermediate hyperglycemia with elevated abdominal obesity, hs-CRP, and leptin

https://doi.org/10.7586/jkbns.24.016 257

CONFLICT OF INTEREST 

The author declared that no conflict of interest. 

AUTHORSHIP 

HL contributed to the conception and design of this study, 
performed the statistical interpretation, drafted the manuscript, 
and critically revised the manuscript. HL read and approved 
the final manuscript. 

FUNDING 

This work was supported by 2023 General Research Fund of 
Journal of Korean Biological Nursing Science, and this work 
was supported by a National Research Foundation of Korea 
(NRF) grant funded by the Korean government (MSIT) (No. 
2023R1A2C1006271). 

DATA AVAILABILITY  

Please contact the corresponding author for data availability.

ACKNOWLEDGEMENTS

Not applicable.  

REFERENCES 

1. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, 
Duncan B, et al. IDF diabetes atlas: global, regional and coun-
try-level diabetes prevalence estimates for 2021 and projec-
tions for 2045. Diabetes Research and Clinical Practice. 2022; 
183(1):1–13. https://doi.org/10.1016/j.diabres.2021.109119 

2. Vilariño-García T, Polonio-González ML, Pérez-Pérez A, 
Ribalta J, Arrieta F, Aguilar M. Role of lptin in obesity, car-
diovascular disease, and type 2 diabetes. International Jour-
nal of Molecular Sciences. 2024;25(4):1–21. https://doi.
org/10.3390/ijms25042338 

3. American Diabetes Association Professional Practice Com-
mittee. 2. Classification and diagnosis of diabetes: standards 
of medical care in diabetes 2022. Diabetes Care. 2022; 
45(Suppl.1):S17–S38. https://doi.org/10.2337/dc22-S002 

4. Mainous AG, Rooks BJ, Frank A. Orlando FA. Is there limit-
ed utility for lifestyle recommendations for diabetes preven-
tion among overweight or obese depressed patients? Fron-

tiers in Medicine. 2021;8(1):1–5. https://doi.org/10.3389/
fmed.2021.757250 

5. Shen J, Kondal D, Rubinstein A, Irazola V, Gutierrez L, Mi-
randa JJ, et al. A multiethnic study of pre-diabetes and diabe-
tes in LMIC. Global Heart. 2016;11(1):61–70. https://doi.
org/10.1016/j.gheart.2015.12.015 

6. Modhumi Khan RM, Yu Chua ZY, Tan JC, Yang Y, Liao Z, 
Zhao Y. From pre-diabetes to diabetes: diagnosis, treatments 
and translational research. Medicina. 2019;55(9):1–30. 
https://doi.org/10.3390/medicina55090546 

7. Esser N, Legrand-Poels S, Piette J, Scheen AJ, Paquot N. In-
flammation as a link between obesity, metabolic syndrome and 
type 2 diabetes. Diabetes Research and Clinical Practice. 2014; 
105(2):141–150. https://doi.org/10.1016/j.diabres.2014.04.006 

8. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Can-
non RO, Criqui M, et al. Markers of inflammation and car-
diovascular disease: application to clinical and public health 
practice: a statement for healthcare professionals from the 
Centers for Disease Control and Prevention and the Ameri-
can Heart Association. Circulation. 2003;107(3):499-511. 
https://doi.org/10.1161/01.CIR.0000052939.59093.45 

9. Zhao Y, Li H, Wu X, Li G, Golden AR, Cai L. Rural-urban dif-
ferentials of prevalence and lifestyle determinants of pre-dia-
betes and diabetes among the elderly in southwest China. 
BMC Public Health. 2023;23(1):1-8. https://doi.org/10.1186/
s12889-023-15527-9 

10. World Health Organization. Regional Office for the Western 
Pacific. Overweight and obesity in the western pacific region: 
an equity perspective [Internet]. Manila: WHO Regional Of-
fice for the Western Pacific; 2017 [cited 2023 Jan 15]. Avail-
able from: https://iris.who.int/handle/10665/137517 

11. Ton TT, Tran ATN, Do IT, Nguyen H, Nguyen TTB, Nguyen 
MT, et al. Trends in prediabetes and diabetes prevalence and 
associated risk factors in Vietnamese adults. Epidemiol 
Health. 2020;42(1):1–10. https://doi.org/10.4178/epih.
e2020029 

12. Atkins JL, Wannamathee SG. Sarcopenic obesity in ageing: 
cardiovascular outcomes and mortality. British Journal of 
Nutrition. 2020;124(10):1102–1113. https://doi.org/10.1017/
S0007114520002172 

13. Yun CH, Jhuang JR, Tsou MT. Pericardial fat, thoracic peri-aor-
tic adipose tissue, and systemic inflammatory marker in nonal-
coholic fatty liver and abdominal obesity phenotype. Scientific 
Reports. 2022;12(1958):1-9. https://doi.org/10.1038/s41598-
022-06030-z 

14. Neeland IJ, Ross R, Després JP, Matsuzawa Y, Yamashita S, 

https://doi.org/10.3390/ijms25042338
https://doi.org/10.3390/ijms25042338
https://doi.org/10.3390/ijms25042338
https://doi.org/10.3390/ijms25042338
https://doi.org/10.3390/ijms25042338
https://doi.org/10.2337/dc22-S002
https://doi.org/10.2337/dc22-S002
https://doi.org/10.2337/dc22-S002
https://doi.org/10.2337/dc22-S002
https://doi.org/10.3389/fmed.2021.757250
https://doi.org/10.3389/fmed.2021.757250
https://doi.org/10.3389/fmed.2021.757250
https://doi.org/10.3389/fmed.2021.757250
https://doi.org/10.3389/fmed.2021.757250
https://doi.org/10.1016/j.gheart.2015.12.015
https://doi.org/10.1016/j.gheart.2015.12.015
https://doi.org/10.1016/j.gheart.2015.12.015
https://doi.org/10.1016/j.gheart.2015.12.015
https://doi.org/10.3390/medicina55090546
https://doi.org/10.3390/medicina55090546
https://doi.org/10.3390/medicina55090546
https://doi.org/10.3390/medicina55090546
https://doi.org/10.1016/j.diabres.2014.04.006
https://doi.org/10.1016/j.diabres.2014.04.006
https://doi.org/10.1016/j.diabres.2014.04.006
https://doi.org/10.1016/j.diabres.2014.04.006
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1186/s12889-023-15527-9
https://doi.org/10.1186/s12889-023-15527-9
https://doi.org/10.1186/s12889-023-15527-9
https://doi.org/10.1186/s12889-023-15527-9
https://doi.org/10.1186/s12889-023-15527-9
https://iris.who.int/handle/10665/137517
https://doi.org/10.4178/epih.e2020029
https://doi.org/10.4178/epih.e2020029
https://doi.org/10.4178/epih.e2020029
https://doi.org/10.4178/epih.e2020029
https://doi.org/10.4178/epih.e2020029
https://doi.org/10.1017/S0007114520002172
https://doi.org/10.1017/S0007114520002172
https://doi.org/10.1017/S0007114520002172
https://doi.org/10.1017/S0007114520002172
https://doi.org/10.1038/s41598-022-06030-z
https://doi.org/10.1038/s41598-022-06030-z
https://doi.org/10.1038/s41598-022-06030-z
https://doi.org/10.1038/s41598-022-06030-z
https://doi.org/10.1038/s41598-022-06030-z
https://doi.org/10.1016/S2213-8587(19)30084-1


https://doi.org/10.7586/jkbns.24.016

Heashoon Lee • Intermediate hyperglycemia with elevated abdominal obesity, hs-CRP, and leptin

258

Shai I, et al. Visceral and ectopic fat, atherosclerosis, and car-
diometabolic disease: a position statement. The Lancet Dia-
betes & Endocrinology. 2019;7(9):715–725. https://doi.
org/10.1016/S2213-8587(19)30084-1 

15. Jun JE, Lee SE, Lee YB, Kim G, Jin SM, Lee JH, et al. Low 
skeletal muscle mass accompanied by abdominal obesity ad-
ditively increases the risk of incident type 2 diabetes get ac-
cess arrow. The Journal of Clinical Endocrinology & Metab-
olism. 2022;17(10):1–10. https://doi.org/10.1210/clinem/
dgac662 

16. Bai A, Tao J, Tao L, Liu J. Prevalence and risk factors of diabe-
tes among adults aged 45 years or older in China: a national 
cross-sectional study. Endocrinology, Diabetes & Metabo-
lism. 2021;4(3):1–10. https://doi.org/10.1002/edm2.265 

17. Nazare JA, Smith JD, Borel AL, Haffner SM, Balkau B, Ross 
R, et al. Ethnic influences on the relations between abdomi-
nal subcutaneous and visceral adiposity, liver fat, and car-
diometabolic risk profile: the international study of predic-
tion of intraabdominal adiposity and its relationship with 
cardiometabolic risk intra-abdominal adiposity. The Ameri-
can Journal of Clinical Nutrition. 2012;96(4):714–726. 
https://doi. org/10.3945/ajcn.112.035758 

18. Bonamichi BDSF, Lee J. Unusual suspects in the development of 
obesity-induced inflammation and insulin resistance: NK cells, 
iNKT cells, and ILCs. Diabetes & Metabolism Journal. 2017; 
41(4):229–250. https://doi.org/10.4093/dmj.2017.41.4.229 

19. Phosat C, Panprathip P, Chumpathat N, Prangthip P, Chant-
ratita N, Soonthornworasiri N, et al. Elevated c-reactive pro-
tein, interleukin 6, tumor necrosis factor alpha and glycemic 
load associated with type 2 diabetes mellitus in rural Thais: a 
cross-sectional study. BMC Endocrine Disorders. 2017; 
17(44):1-8. https://doi. org/10.1186/s12902-017-0189-z 

20. Ashraf R, Khan MS, Bhat MH, Shabir I, Rashid S, Majid S. 
Leptins: association and clinical correlation in pre diabetics. 
International Journal of Diabetes in Developing Countries. 
2022;42(1):683–693. https://doi.org/10.1007/s13410-021-
01017-4 

21. Saeed WM, Binjawhar DN. Association of serum leptin and 
adiponectin concentrations with type 2 diabetes biomarkers 
and complications among Saudi women. Diabetes, Metabolic 
Syndrome and Obesity. 2023;16(1):2129-2140. https://doi.
org/10.2147/DMSO.S405476  

22. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power 

analyses using G*Power 3.1: tests for correlation and regres-
sion analyses. Behavior Research Methods. 2009;41(1):1149–
1160. https://doi. org/10.3758/BRM.41.4.1149  

23. Lee H. Association between obesity and high-sensitivity c-re-
active protein in Korean adults without cardiovascular dis-
ease. Journal of Korean Biological Nursing Science. 2023; 
23(3):32–42. https://doi.org/10.7586/jkbns.23.343  

24. Johari MG, Jokari K, Mirahmadizadeh A, Sief M, Rezaianza-
deh A. The prevalence and predictors of pre-diabetes and di-
abetes among adults 40-70 years in Kharameh cohort study: 
a population-based study in Fars province, south of Iran. 
Journal of Diabetes & Metabolic Disorders. 2021;1(1):85-95. 
https://doi.org/10.1007/s40200-021-00938-5 

25. le Roux CW, Astrup A, Fujioka K, Greenway F, Lau DCW, 
Van Gaal L, et al. 3 years of liraglutide versus placebo for type 
2 diabetes risk reduction and weight management in individ-
uals with prediabetes: a randomised, double-blind trial. The 
Lancet. 2017;389(1):1399-1409. https://doi.org/10.1016/
S0140-6736(17)30069-7 

26. Shin KA. The relationship between metabolic syndrome risk 
factors and high sensitive c-reactive protein in abdominal 
obesity elderly women. Korean Journal of Clinical Laborato-
ry Science. 2017;49(2):121-127. https://doi.org/10.15324/kj-
cls.2017.49.2.121 

27. Cheng ZJ, Wang YF, Jiang XY, Ren WY, Lei SF, Deng FY, et al. 
High sensitivity c-reactive protein and prediabetes, progres-
sion and regression in middle-aged and older adults: a pro-
spective cohort study. Journal of Diabetes Investigation. 2023; 
15(1):78-86. https://doi.org/10.1111/jdi.14090 

28. Agarwal T, Lyngdoh T, Dudbridge F, Chandak GR, Kinra S, 
Prabhakaran D, et al. Causal relationships between lipid and 
glycemic levels in an Indian population: a bidirectional Men-
delian randomization approach. PLoS One. 2020;15(1):1-14. 
https://doi.org/10.1371/journal.pone.0228269 

29. Hardie DG. AMP-activated protein kinase: a key regulator of en-
ergy balance with many roles in human disease. Journal of Inter-
nal Medicine. 2014;276(6):543–559. https://doi.org/10.1111/
joim.12268 

30. Kang JH, Kim KK. Guidelines for obesity clinic consultations 
in primary healthcare clinics. Journal of the Korean Medical 
Association. 2024;67(4):240–255. http://doi.org/10.5124/
jkma.2024.67.4.240  

https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1210/clinem/dgac662
https://doi.org/10.1210/clinem/dgac662
https://doi.org/10.1210/clinem/dgac662
https://doi.org/10.1210/clinem/dgac662
https://doi.org/10.1210/clinem/dgac662
https://doi.org/10.1210/clinem/dgac662
https://doi.org/10.3945/ajcn.112.035758
https://doi.org/10.3945/ajcn.112.035758
https://doi.org/10.3945/ajcn.112.035758
https://doi.org/10.3945/ajcn.112.035758
https://doi.org/10.3945/ajcn.112.035758
https://doi.org/10.3945/ajcn.112.035758
https://doi.org/10.3945/ajcn.112.035758
https://doi.org/10.3945/ajcn.112.035758
https://doi.org/10.1186/s12902-017-0189-z
https://doi.org/10.1186/s12902-017-0189-z
https://doi.org/10.1186/s12902-017-0189-z
https://doi.org/10.1186/s12902-017-0189-z
https://doi.org/10.1186/s12902-017-0189-z
https://doi.org/10.1186/s12902-017-0189-z
https://doi.org/10.1007/s13410-021-01017-4
https://doi.org/10.1007/s13410-021-01017-4
https://doi.org/10.1007/s13410-021-01017-4
https://doi.org/10.1007/s13410-021-01017-4
https://doi.org/10.1007/s13410-021-01017-4
https://doi.org/10.2147/DMSO.S405476
https://doi.org/10.2147/DMSO.S405476
https://doi.org/10.2147/DMSO.S405476
https://doi.org/10.2147/DMSO.S405476
https://doi.org/10.2147/DMSO.S405476
https://doi.org/10.3758/brm.41.4.1149
https://doi.org/10.3758/brm.41.4.1149
https://doi.org/10.3758/brm.41.4.1149
https://doi.org/10.3758/brm.41.4.1149
https://doi.org/10.7586/jkbns.23.343
https://doi.org/10.7586/jkbns.23.343
https://doi.org/10.7586/jkbns.23.343
https://doi.org/10.7586/jkbns.23.343
https://doi.org/10.1007/s40200-021-00938-5
https://doi.org/10.1007/s40200-021-00938-5
https://doi.org/10.1007/s40200-021-00938-5
https://doi.org/10.1007/s40200-021-00938-5
https://doi.org/10.1007/s40200-021-00938-5
https://doi.org/10.1007/s40200-021-00938-5
https://doi.org/10.1016/S0140-6736(17)30069-7
https://doi.org/10.1016/S0140-6736(17)30069-7
https://doi.org/10.1016/S0140-6736(17)30069-7
https://doi.org/10.1016/S0140-6736(17)30069-7
https://doi.org/10.1016/S0140-6736(17)30069-7
https://doi.org/10.1016/S0140-6736(17)30069-7
https://doi.org/10.15324/kjcls.2017.49.2.121
https://doi.org/10.15324/kjcls.2017.49.2.121
https://doi.org/10.15324/kjcls.2017.49.2.121
https://doi.org/10.15324/kjcls.2017.49.2.121
https://doi.org/10.15324/kjcls.2017.49.2.121
https://doi.org/10.1111/jdi.14090
https://doi.org/10.1111/jdi.14090
https://doi.org/10.1111/jdi.14090
https://doi.org/10.1111/jdi.14090
https://doi.org/10.1111/jdi.14090
https://doi.org/10.1371/journal.pone.0228269
https://doi.org/10.1371/journal.pone.0228269
https://doi.org/10.1371/journal.pone.0228269
https://doi.org/10.1371/journal.pone.0228269
https://doi.org/10.1371/journal.pone.0228269
https://doi.org/10.1111/joim.12268
https://doi.org/10.1111/joim.12268
https://doi.org/10.1111/joim.12268
https://doi.org/10.1111/joim.12268
https://doi.org/10.5124/jkma.2024.67.4.240
https://doi.org/10.5124/jkma.2024.67.4.240
https://doi.org/10.5124/jkma.2024.67.4.240
https://doi.org/10.5124/jkma.2024.67.4.240

