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ABSTRACT
Objective: To evaluate atherogenic indices and the associations between these atherogenic indices and selected 

factors: body mass index (BMI), waist circumference, and physical activity in overweight and obese patients with 
prediabetes.

Methods: A Cross-sectional descriptive study on 104 overweight or obese patients with prediabetes treated at the 
Department of General Internal Medicine-Geriatrics, Hue Central Hospital, from June 2020 to Augus 2022.

Results: The prevalence of elevated TC/HDL-C was highest at 68.3%. Elevated TG/HDL-C and LDL-C/HDL-C 
accounted for 20.2% and 66.3%, respectively. 

Compared with the overweight group, the obese group had 1.1-fold higher odds of elevated TC/HDL-C and 1.5-
fold higher odds of elevated LDL-C/HDL-C. Participants with increased waist circumference had 2.2-fold higher odds 
of elevated TG/HDL-C than those without increased waist circumference. Weak, statistically significant positive linear 
correlations were observed for: BMI with TC/HDL-C (r = 0.197), BMI with LDL-C/HDL-C (r = 0.280), Waist circumference 
with TC/HDL-C (r = 0.196). Waist circumference with TG/HDL-C (r = 0.283).

Conclusions: In overweight and obese adults with prediabetes, atherogenic dyslipidemia is common particularly 
elevated TC/HDL-C and LDL-C/HDL-C. Obesity increased the odds of elevated TC/HDL-C and LDL-C/HDL-C, and 
greater waist circumference was associated with higher TG/HDL-C
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I. INTRODUCTION
Prediabetes is defined as a metabolic state in 

which blood glucose levels are higher than normal 
but do not meet diagnostic thresholds for diabetes 
mellitus. It encompasses individuals with impaired 
fasting glucose (IFG), impaired glucose tolerance 
(IGT), or elevated glycated hemoglobin (HbA1c). 
In 2021, the International Diabetes Federation 
(IDF) estimated that 541 million adults (≈10.6%) 
had IGT; this figure is projected to rise to 622.7 
million by 2030 [1] . Prediabetes confers a high risk 
of progression to diabetes, with annual conversion 
rates of approximately 5-10% [2]. Overweight 
and obesity are strongly associated with insulin 
resistance (IR) and are among the principal risk 

factors driving IR, which plays a central role in the 
pathogenesis of multiple disorders, notably type 2 
diabetes mellitus (T2DM).

Atherogenic indices (AI) including LDL-C/
HDL-C, TG/HDL-C, and TC/HDL-C have 
recently been recognized as valuable predictors of 
cardiovascular events, with predictive performance 
that surpasses traditional single lipid measures [3]. 
According to the American Diabetes Association 
(ADA), approximately 20% of individuals 
with prediabetes already exhibit macrovascular 
complications [4]. Therefore, determining the 
prevalence of elevated AI among patients with 
prediabetes-particularly those who are overweight 
or obese-may enable early cardiovascular risk 
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stratification and prompt correction of dyslipidemia 
at the prediabetic stage, thereby helping to prevent 
vascular events in this population. Accordingly, we 
conducted this study with the following objectives: 
To evaluate atherogenic indices and examine the 
associations between these atherogenic indices and 
selected factors: body mass index (BMI), waist 
circumference, and physical activity in overweight 
and obese patients with prediabetes..
II. MATERIALS AND METHODS
2.1. Sujects

A cross-sectional descriptive study was 
conducted on 104 overweight or obese patients with 
prediabetes treated at the Department of General 
Internal Medicine-Geriatric, Hue Central Hospital, 
from June 2020 to August 2022.

Inclusion criteria: The first was a diagnosis of 
prediabetes according to ADA (2019), identified 
by at least one of the following: impaired fasting 
glucose with fasting plasma glucose 5.6 - 6.9 mmol/L 
(100 - 125 mg/dL); impaired glucose tolerance with 
2 - hour plasma glucose after a 75 - g oral glucose 
load 7.8 - 11.0 mmol/L (140 - 199 mg/dL); or HbA1c 
5.7% - 6.4%. The second component was overweight 
or obesity defined by WHO Asia criteria (February 
2000), including overweight with BMI 23.0 to < 25.0 
kg/m² or obesity with BMI ≥ 25.0 kg/m².

Exclusion Criteria: Previously diagnosed diabetes 
mellitus; Prior treatment for prediabetes or dyslipidemia; 
Current use of medications affecting blood glucose or 
lipids, or presence of severe acute illness.
2.2. Study variables

Clinical indices included age, sex, height, 
weight, BMI, waist circumference, physical activity. 
Laboratory indices comprised HbA1c, fasting plasma 
glucose, 2-hour plasma glucose during OGTT, and 

lipid profile. Atherogenic indices were calculated 
as the ratios TC/HDL-C, TG/HDL-C, and LDL-C/
HDL-C; elevated values were defined as TC/HDL-C ≥ 
4; TG/HDL-C ≥ 2.4; and LDL-C/HDL-C ≥ 2.3 [5-7].

Physical activity: Physical activity was 
categorized as active when participants engaged 
in regular exercise meeting the recommended 
duration; and inactive when they reported no 
exercise, irregular exercise, or insufficient duration. 
2.3. Data analysis

Data were analyzed using SPSS version 20.0.
2.4. Research ethics

The study was conducted in accordance with 
the requirements of the Ethics Committee of Hue 
University of Medicine and Pharmacy.
III. RESULTS
3.1. General characteristics of participants

The study included 104 overweight or obese 
patients with prediabetes, with mean age was 64.1 ± 
13.6 years; most patients were > 60 years (69.1%). 
Women predominated (75% vs 25% men).

The proportion of patients classified as 
overweight (by BMI) was 55.8%; class I and class II 
obesity accounted for 40.4% and 3.8%, respectively. 
The mean BMI was 25.1 ± 1.9 kg/m².

The mean waist circumference (WC) in men 
and women was 90.2 ± 5.7 cm and 90.2 ± 8.3 cm, 
respectively. Increased WC was observed in 86/104 
patients (82.7%). Its prevalence was higher in 
women (93.6%) than in men (50%).

There is a clear difference in physical activity 
levels between males and females. Males show 
a much higher proportion of active individuals 
compared to females, while inactivity is notably 
more common among females. The association is 
statistically significant (p < 0.05) (Table 1).

Table 1: Physical activity (PA) of participants.

 PA
Total

(n = 104)
Male

(n = 26)
Female
(n = 78) p

SL % SL % SL %

Active 75 72.1 23 88.5 52 66.7
< 0.05

Inactive 29 27.9 3 11.5 26 33.3

3.2. Characteristics of atherogenic indices in overweight and obese patients with prediabetes
The prevalence of elevated TC/HDL-C was highest at 68.3%. The prevalences of elevated TG/HDL-C 

and LDL-C/HDL-C were 20.2% and 66.3%, respectively. The mean values of TC/HDL-C and LDL-C/

Investigation of atherogenic indices in overweight...



Bệnh viện Trung ương Huế 

108	 Journal of Clinical Medicine - Hue Central Hospital - Volume 17, number 8 - 2025

HDL-C exceeded their predefined cutoffs, whereas TG/HDL-C remained within its cutoff range (Table 2).
Table 2: Distribution and mean values of atherogenic indices (AI)

AI Classification n %   ± SD (mmol/l)

TC/HDL-C
Nomal 33 31.7

4.5 ± 1.2
Elevated 71 68.3

TG/HDL-C
Nomal 83 79.8

2.1 ± 1.5
Elevated 21 20.2

LDL-C/HDL-C
Nomal 35 33.7

2.7 ± 1.0
Elevated 69 66.3

The mean TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C were 4.5, 2.1, and 2.7, respectively. TG/HDL-C 
was significantly higher in women than in men (p < 0.05) (Table 3).

Table 3: Mean values of atherogenic indices by sex

AI
Total

(n=104)
Male

(n=26)
Female
(n=78) p

x̅ SD x̅ SD x̅ SD

TC/HDL-C 4.5 1.2 4.8 0.9 4.5 1.3 p > 0.05

TG/HDL-C 2.1 1.5 1.8 1.2 2.2 1.8 p < 0.05

LDL-C/HDL-C 2.7 1.0 2.9 0.9 2.7 1.0 p > 0.05

3.3. Associations between atherogenic indices and BMI, waist circumference, and physical activity
The mean TC/HDL-C and LDL-C/HDL-C were higher in obese patients than in overweight patients. In 

the obese group, the likelihood of elevated TC/HDL-C was 1.1-fold higher and of elevated LDL-C/HDL-C 
was 1.5 - fold higher compared with the overweight group (Table 4).

Table 4: Atherogenic indices and BMI  of participants

AI Classification
Overweight (n=58) Obese (n=46)  p; OR 

95%CIn % n %

TC/HDL-C

Nomal 18 31.0 15 32.6
> 0.05; 
1.114

0.484-2.563
Elevated 40 69.0 31 67.4

  ± SD 4.5 ± 1.1 4.6 ± 1.3

TG/HDL-C

Nomal 44 75.9 39 84.8
> 0.05; 
0.430

0.152-1.217
Elevated 14 24.1 7 15.2

  ± SD 2.1 ± 2.0 2.1 ± 1.9

LDL-C/HDL-C

Nomal 21 36.2 14 30.4
> 0.05; 
1.551

0.675-3.567
Elevated 37 63.8 32 69.6

  ± SD 2.7 ± 0.9 2.8 ± 1.0
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Patients with increased waist circumference had a 2.2-fold higher likelihood of elevated TG/HDL-C 
than those without increased waist circumference; however, this was not statistically significant (p > 0.05). 
Conversely, the prevalence of elevated LDL-C/HDL-C was higher in patients without increased waist 
circumference, also not statistically significant (p > 0.05) (Table 5).

Table 5: Atherogenic indices and waist circumference of participants

AI Classification Increased WC
n = 86 (n, %)

Nomal WC
n = 18 (n, %)

p; OR
95% CI

TC/HDL-C

Nomal 28 32.6 5 27.8
> 0.05; 
0.797

0.258-2.456
elevated 58 67.4 13 72.2

  ± SD 4.5 ± 1.2 4.5 ± 1.0

TG/HDL-C

Nomal 67 77.9 16 88.9
> 0.05;
 2.269

0.479-10.750
elevated 19 22.1 2 11.1

  ± SD 2.3 ± 2.1 1.5 ± 1.0

LDL-C/HDL-C

Nomal 30 34.9 5 27.2
> 0.05; 
0.718

0.234-2.206
elevated 56 65.1 13 72.2

  ± SD 2.7 ± 1.0 2.9 ± 0.8

There were statistically significant, weak positive correlations between TC/HDL-C and BMI (r = 0.197; 
p = 0.045) and between LDL-C/HDL-C and BMI (r = 0.280; p = 0.004) (Figure 1).

Figure 1: Correlations of TC/HDL-C and LDL-C/HDL-C with BMI

There were statistically significant, weak positive correlations between TC/HDL-C and waist 
circumference (WC) (r = 0.196; p = 0.046), and between TG/HDL-C and WC (r = 0.283; p = 0.004)) 
(Figure 2).
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Figure 2: Correlations TC/HDL-C and TG/HDL-C with waist circumference
The mean TC/HDL-C and TG/HDL-C were higher in the physically active group than in the physically 

inactive group; however, the differences were not statistically significant (p > 0.05) (Table 6).
Table 6: Atherogenic indices and physical activity of participants

AI Classsification
Active (n = 75) Inactive (n = 29)  p; OR

95% CIn % n %

TC/HDL-C

Nomal 24 32.0 9 31.0
> 0.05; 
1.046

0.415-2.635
elevated 51 68.0 20 69.0

  ± SD 4.6 ± 1.2 4.4 ± 1.2

TG/HDL-C

Nomal 58 77.3 25 86.2
> 0.05; 
0.546

0.167-1.787
elevated 17 22.7 4 13.8

  ± SD 2.3 ± 2.0 1.6 ± 1.3

LDL-C/HDL-C

Nomal 25 33.3 10 34.5
> 0.05; 
0.950

0.385-2.345
elevated 50 66.7 19 65.5

  ± SD 2.7 ± 0.9 2.7 ± 1.1

IV. DISCUSSION
4.1. General characteristics of participants.

The study included 104 overweight or obese 
patients with prediabetes, with mean BMI was 25.1 
kg/m². Overweight accounted for 55.8%, and obesity 
for 44.2% (class I 40.4%, class II 3.8%). Mean waist 
circumference was 90.2 cm; 86/104 patients met the 
criterion for increased waist circumference (men 
≥ 90 cm; women ≥ 80 cm) accounted for 82.7%. 
Abdominal obesity was more prevalent in women 
than in men (93.6% vs 50%).

According to the ADA (2019), as little as 150 
minutes per week of moderate - to vigorous-intensity 

physical activity confers measurable benefits for 
individuals with prediabetes. Even moderate-intensity 
activity improves insulin sensitivity and reduces 
abdominal adiposity in both children and adults. In 
a 3 - year follow-up of patients with prediabetes, 
Jaana Lindström et al. reported that those receiving a 
combined diet and exercise intervention had a 3-year 
conversion rate to diabetes of 9%, compared with 20% 
in the non-intervention group [8].

In our study, the prevalence of physical inactivity 
was 27.9%. Women had a significantly higher 
prevalence of physical inactivity than men (33.3% 
vs 11.5%; p < 0.05).
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4.2. Characteristics of atherogenic indices in 
overweight and obese patients with prediabetes.

Multiple investigators have reported that ratios 
of conventional lipid parameters provide greater 
utility for assessing insulin resistance than single 
lipid measures, particularly the TG/HDL-C ratio.

In our cohort, the mean atherogenic ratios 
were TC/HDL-C 4.5 ± 1.2, TG/HDL-C 2.1 ± 1.5, 
and LDL-C/HDL-C 2.7 ± 1.0; only TG/HDL-C 
differed significantly by sex. Tran MT found that 
atherogenic ratios in individuals with prediabetes 
were significantly higher than in normoglycemic 
controls, with mean values TC/HDL-C 4.2, TG/
HDL-C 3.5, and LDL-C/HDL-C 2.9; our TC/
HDL-C and LDL-C/HDL-C were similar, whereas 
TG/HDL-C was lower [9]. 

Atherogenic ratios are linked to the development 
of prediabetes and diabetes. In Chinese adults, 
Rongpeng Gong showed that higher TG/HDL-C was 
positively associated with the risks of prediabetes 
and diabetes, and predicted future impaired glucose 
tolerance, thereby increasing incident diabetes risk 
[10]. In Borrayo G. (253 normal-weight women 
aged 40 - 60 years), TG/HDL-C was associated 
with prediabetes (OR 1.83, 95% CI 1.07 - 3.13) and 
insulin resistance (OR 3.27, 95% CI 1.78 - 6.01); TG/
HDL-C ≥ 3.0 emerged as a potential risk factor for 
prediabetes and insulin resistance in this group [11].

In our study, the prevalence of abnormal ratios 
was highest for TC/HDL-C (68.3%), followed 
by LDL-C/HDL-C (66.3%), with TG/HDL-C 
(20.2%) the lowest. Mean TC/HDL-C (4.5 ± 1.2) 
and LDL-C/HDL-C (2.7 ± 1.0) exceeded their 
respective thresholds, whereas TG/HDL-C (2.1 ± 
1.5) was within the predefined cutoff range. By the 
Krintus schema, our mean TG/HDL-C ≈ 2.1 falls 
in the insulin-resistance risk band, aligning with the 
insulin-resistance pathophysiology characteristic of 
prediabetes.
4.3. Associations between atherogenic indices and 
BMI, waist circumference, and physical activity.

In a cross-sectional study by Yumei Yang et al. 
involving 1,608 patients, the TC/HDL-C ratio was 
3.64 ± 1.00 in non-obese individuals (BMI < 25 kg/
m²) and 4.09 ± 0.95 in those with obesity (BMI ≥ 
25 kg/m²) (p < 0.001). The corresponding values 
for TG/HDL-C were 1.16 ± 1.02 and 1.96 ± 1.26 (p 

< 0.001), and for LDL-C/HDL-C were 2.13 ± 0.77 
and 2.35 ± 0.07 (p < 0.001) [12].

In our cohort of 104 overweight/obese patients 
with prediabetes, mean TC/HDL-C and LDL-C/
HDL-C were higher in the obese group (4.6 and 2.8, 
respectively) than in the overweight group (4.5 and 
2.7), though the differences were not statistically 
significant (p > 0.05) - a pattern consistent with 
Yang et al. TG/HDL-C had the same mean (2.1) in 
both overweight and obese groups. Additionally, we 
observed weak positive correlations between BMI 
and TC/HDL-C (r = 0.197) as well as BMI and 
LDL-C/HDL-C (r = 0.280).

Central adiposity, hypertriglyceridemia, and low 
HDL-C are canonical components of the metabolic 
syndrome. The TG/HDL-C ratio is closely linked 
to abdominal obesity and insulin resistance. In our 
data, the mean TG/HDL-C was higher in participants 
with increased waist circumference (WC) than in 
those without (2.3 vs 1.5, p > 0.05), with a weak 
positive correlation between TG/HDL-C and WC 
(r = 0.283). Patients with increased WC had a 2.3-
fold higher prevalence of elevated TG/HDL-C 
than those without increased WC. Conversely, the 
prevalence of elevated LDL-C/HDL-C was higher 
in participants without increased WC (p > 0.05), and 
WC correlated weakly with TC/HDL-C (r = 0.196). 
These findings are directionally consistent with the 
above pathophysiological framework, although our 
sample size may have limited statistical power to 
detect between-group differences.

Physical activity primarily lowers triglycerides 
and raises HDL-C, thereby indirectly improving 
TG/HDL-C; several recent studies report inverse 
associations between physical activity and 
atherogenic ratios [12].
V. CONCLUSION

The prevalence of elevated TC/HDL-C was 
highest at 68.3%. Elevated TG/HDL-C and LDL-C/
HDL-C accounted for 20.2% and 66.3%, 	
respectively.

Compared with the overweight group, the 
obese group had 1.1-fold higher odds of elevated 
TC/HDL-C and 1.5-fold higher odds of elevated 
LDL-C/HDL-C. Participants with increased 
waist circumference had 2.2 - fold higher odds of 
elevated TG/HDL-C than those without increased 
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waist circumference. Weak, statistically significant 
positive linear correlations were observed for: BMI 
with TC/HDL-C (r = 0.197), BMI with LDL-C/
HDL-C (r = 0.280), Waist circumference with TC/
HDL-C (r = 0.196). Waist circumference with TG/
HDL-C (r = 0.283).
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