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Abstract 

Background: Prediabetes is a condition where glucose metabolism is 

disrupted; it is defined by high blood glucose levels that are below the 

diabetes diagnostic cutoff. 

Aim: To investigate the correlation among HbA1c levels and lipid panel 

parameters in individuals with prediabetes. 

Patients and Methods: This prospective cross-sectional research was 

performed on 500 individuals aged between 18 and 65 years with 

confirmed prediabetes. 

Results: The analysis demonstrated significant positive associations 

among HbA1c as well as cholesterol (ρ = 0.534, p < 0.001), triglycerides 

(ρ = 0.460), LDL (ρ = 0.375), in addition to VLDL (ρ = 0.310). A negative 

association was identified between HbA1c and high-density lipoprotein 

(HDL), suggesting that elevated HbA1c levels corresponded with 

diminished HDL levels. Furthermore, Group 2 (HbA1c 6.0%–6.4%) had a 

markedly elevated LDL/HDL ratio, cholesterol/HDL ratio, and 

triglyceride/HDL ratio in comparison to Group 1 (HbA1c 5.4%–5.9%). 

The AUC values indicated that total cholesterol had the highest predictive 

value (AUC = 0.802), followed by low-density lipoprotein (LDL) (AUC = 

0.701) and triglycerides (AUC = 0.731). HDL exhibited the lowest 

predictive value (AUC = 0.437). 

Conclusion: We concluded that cases with higher HbA1c levels (6.0%–

6.4%) had significantly worse lipid profiles, specifically in terms of 

cholesterol, triglycerides, LDL, LDL, VLDL, LDL/HDL ratio, 

cholesterol/HDL ratio, and triglyceride/HDL ratio compared to those with 

lower HbA1c (5.4%–5.9%) within the prediabetic range. Untraditional 

lipid panels may be considered promising biomarkers to predict 

progression from prediabetes to type 2 diabetes mellitus (T2DM). 

 

 

Introduction 

Elevated blood glucose levels that fall short of the criteria for a diabetes diagnosis characterize 

prediabetes, a disease in which the body's glucose metabolism is compromised. In those at high 

risk of developing diabetes, prediabetes is defined by glycemic characteristics that fall 

somewhere in the normal to diabetic range (1). Diagnostic criteria for impaired glucose 

javascript:;


Correlation Between Hba1c Levels And Untraditional Lipid Panels In Prediabetics 
SEEJPH Volume XXVIII, 2025, ISSN: 2197-5248; Posted:20-08-2025 

 

 

188 | P a g e  
 

tolerance (IGT) and impaired fasting glucose (IFG) often include measurements of blood 

glucose or the outcomes of an oral glucose tolerance test (OGTT). Glycosylated hemoglobin 

(HbA1C) levels can also affect this process (2). 

Prediabetes lasts for an estimated 8.5 to 10.3 years and is one of two asymptomatic stages of 

hyperglycemia. The second stage, known as preclinical latent diabetes, lasts for four to seven 

years and begins when the disease begins to manifest biologically and ends when it is clinically 

diagnosed. Individuals with pre-diabetes display a phenotype similar to that of T2DM, marked 

by an increased risk of progression to T2DM, hypertension, and dyslipidemia (3). 

 A worldwide increase in the incidence of impaired glucose metabolism is projected to lead to 

an estimated 600 million new cases of diabetes or prediabetes by the year 2045. Nearly 7.3 

percent of adults have prediabetes at present, with a five to ten percent yearly progression rate 

to overt  T2DM (4). Recent studies demonstrate that diabetes prevention is most effective when 

initiated in the early phases of the disease, as treatment becomes increasingly difficult with 

progression. Early identification and screening of prediabetes are essential strategies in the 

prevention of diabetes and its related consequences (5).  

Among the parameters commonly monitored in prediabetic individuals are glycated 

hemoglobin (HbA1c) levels and lipid profiles (6). While studies have extensively explored the 

relationship between HbA1c and various metabolic markers, the association among HbA1c and 

lipid profile components in prediabetes remains less elucidated. This study aimed to investigate 

the correlation between HbA1c levels and lipid panel parameters in individuals with 

prediabetes. 

 

Patients and Methods 

This prospective cross-sectional research was performed on 500 individuals with high blood 

glucose but not high enough to be diagnosed as diabetes, HbA1c in the prediabetic stage 

according to ADA. 

 

Inclusion Criteria: Individuals aged 18 to 65 years with verified prediabetes. 

 

Exclusion Criteria: Individuals with a history of T2DM, T1DM, hepatic disease, 

cardiovascular diseases, patients on thiazolidinediones, insulin, or metformin, any 

malignancies, other diseases or drugs involving octreotide, thiazide diuretics, corticosteroids, 

beta blockers, statins (lipid-lowering medication), in addition to antipsychotics that alter 

glucose metabolism, as well as pregnant women. 

 

Methods 

Throughout the clinical interview, the researchers gathered data on sociodemographic 

indicators, lifestyle factors, and relevant medical history. A fasting blood sample was obtained 

to evaluate the CBC with differential, lipid profiles (including total cholesterol, triglycerides, 

HDL cholesterol, LDL cholesterol, and VLDL cholesterol), liver and renal panels, glucose, and 

HbA1c levels. 

The HbA1c readings that were obtained were, in accordance with the diagnostic criteria of the 

ADA, interpreted as follows: HbA1c readings that were less than 5.7 percent were utilized to 

define normoglycemia, while HbA1c values that were from 5.7 percent to 6.4 percent were 

utilized to define prediabetes. 

 

Statistical analysis: A statistical program developed for the social sciences by SPSS Inc. in 

Chicago, Illinois, USA, known as SPSS version 22.0, was used to analyze the recorded 

outcomes. The mean ± SD showed the quantitative data that followed a normal distribution. 

The median and interquartile range (IQR) were used to identify variables that did not follow a 

normal distribution. In addition, numerical numbers and percentages were used to quantify 

qualitative qualities. The student t-test was applied for two parametric variables and the Mann-

Whitney U test for non-parametric variables. The chi-square tests contrasted category groups. 

Our correlation analysis utilized Spearman's rank correlation coefficient. This study will 
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evaluate the predictive usefulness of lipid profile characteristics for the transition from 

prediabetes to T2DM utilizing receiver operating characteristic (ROC) analysis. 

 

 

Results 

 

Table (1): Descriptive Statistics 

 

Variable Mean ± SD Minimum Maximum 

Gender Male N (%) 244 (48.8%) 

Female N (%) 256 (51.2%) 

Age (years) 41.09 ± 11.72 20 87 

Cholesterol (mmol/l) 4.67 ± 0.60 3.00 6.42 

Triglycerides (mmol/l) 1.92 ± 0.44 0.56 3.38 

HDL (mmol/l) 1.15 ± 0.20 0.62 1.78 

LDL (mmol/l) 2.85 ± 0.54 1.21 4.95 

VLDL (mmol/l) 0.93 ± 0.33 0.20 1.75 

HbA1c (%) 5.93 ± 0.27 5.40 6.40 

 

The current research examined 500 individuals who were at risk of developing prediabetes. 

With ages that varied from 20 to 65 years, the average age was 42.22 ± 12.94 years. With 244 

men (48.8 percent) and 256 females (51.2 percent), the gender distribution was roughly equal. 

The key descriptive statistics for lipid parameters and HbA1c levels are summarized in Table 

1. 

 

Table (2): Spearman's Correlation Among Lipid Profile Parameters and HbA1c  

Lipid Profile Parameter Correlation Coefficient 

(ρ) 

p-value Significance 

Total Cholesterol (mmol/l) 0.534** 0.000 Significant 

Triglycerides (mmol/l) 0.460** 0.000 Significant 

HDL (mmol/l) -0.121** 0.007 Significant 

LDL (mmol/l) 0.375** 0.000 Significant 

 

The relationship among HbA1c levels and several lipid profile indicators was examined 

utilizing Spearman’s correlation coefficient (ρ). The research demonstrated significant positive 

associations among HbA1c as well as LDL (ρ = 0.375), cholesterol (ρ = 0.534), and VLDL (ρ 

= 0.310) triglycerides (ρ = 0.460). A negative connection was identified between HbA1c and 

HDL (ρ = -0.121, p = 0.007), suggesting that elevated HbA1c levels corresponded with reduced 

HDL values. Table 2. 

 

Table (3): Comparison of Lipid Profile Parameters Between HbA1c Groups (Pre-diabetic 

Range) 

Lipid Profile 

Parameters 

Group 1 

(HbA1c 5.4%-5.9%) 

N=299 

Group 2 

(HbA1c 6.0%-6.4%) 

N=201 

P-

value 

Cholesterol (mmol/l) 4.44 ± 0.54 5.01 ± 0.52 <0.001 

Triglycerides (mmol/l) 1.80 ± 0.42 2.11 ± 0.41 <0.001 

HDL (mmol/l) 1.16 ± 0.20 1.14 ± 0.18 0.165 

LDL (mmol/l) 2.73 ± 0.51 3.03 ± 0.53 <0.001 

VLDL (mmol/l) 0.86 ± 0.30 1.04 ± 0.34 <0.001 

LDL/HDL Ratio 2.43 ± 0.68 2.75 ± 0.71 <0.001 
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Cholesterol/HDL Ratio 3.96 ± 0.92 4.53 ± 0.90 <0.001 

Triglyceride/HDL Ratio 1.61 ± 0.52 1.91 ± 0.51 <0.001 

  

 

 
 

Participants were separated into two subgroups based on HbA1c levels: Group 1, consisting of 

individuals with HbA1c levels among 5.4%–5.9% (n = 299), and Group 2, with HbA1c levels 

among 6.0%–6.4% (n = 201). The comparison between these groups revealed significant 

differences in several lipid profile parameters (Table 3), except for HDL levels. 

Group 2 had a significantly greater cholesterol level (5.01 ± 0.52 mmol/l) than Group 1 (4.44 

± 0.54 mmol/l). In Group 2, triglyceride levels were 2.11 ± 0.41 mmol/l, which was 

significantly greater than Group 1's 1.80 ± 0.42 mmol/l. 

LDL levels were also significantly elevated in Group 2 (3.03 ± 0.53 mmol/l) compared to Group 

1 (2.73 ± 0.51 mmol/l). 

VLDL levels showed a similar trend, with Group 2 having significantly higher values (1.04 ± 

0.34 mmol/l) compared to Group 1 (0.86 ± 0.30 mmol/l). 

A p-value of 0.165 indicates no significant variance in HDL levels across prediabetic 

individuals across the HbA1c range (1.14 ± 0.18 mmol/l in Group 2 vs. 1.16 ± 0.20 in Group 

1). 

These results indicate that individuals with higher HbA1c levels have significantly worse lipid 

profiles, specifically in terms of cholesterol, triglycerides, LDL, and VLDL, in contrast to those 

with lower HbA1c levels within the prediabetic range. The only exception to this pattern was 

HDL, which did not show a significant variation among the 2 groups. 

Additionally, significant variations were observed in the lipid ratios: 

• LDL/HDL ratio: Group 2 had a significantly higher LDL/HDL ratio (2.75 ± 0.71) 

compared to Group 1 (2.43 ± 0.68), with a p-value < 0.001. 

• Cholesterol/HDL ratio: The cholesterol/HDL ratio was also significantly higher in 

Group 2 (4.53 ± 0.90) than in Group 1 (3.96 ± 0.92), with a p-value < 0.001. 

• Triglyceride/HDL ratio: Similarly, the triglyceride/HDL ratio was significantly 

elevated in Group 2 (1.91 ± 0.51) compared to Group 1 (1.61 ± 0.52). 
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Table (4): Area Under the Curve (AUC) for Predictive Value of Lipid Profile Parameters 

in Identifying Risk of Progression to T2DM 

 

Test Result Variable(s) Area 

CHOLESTROL (mmol/l) 0.802 

TRG (mmol/l) 0.731 

HDL (mmol/l) 0.437 

LDL (mmol/l) 0.701 

VLDL (mmol/l) 0.662 

 

A logistic regression analysis was conducted to assess the predictive value of lipid profile 

parameters for the progression from prediabetes to T2DM. Total cholesterol showed the highest 

predictive value (AUC = 0.802), followed by LDL (AUC = 0.701) and triglycerides (AUC = 

0.731) in accordance with the AUC values. The limited function of HDL as a predictor of T2DM 

progression in this cohort is indicated by its lowest predictive value (AUC = 0.437). 

 
Cholesterol, TRG, HDL, LDL, and VLDL have at least one tie between the positive and 

negative real state groups. Statistics may bias. 

 

Discussion 

The present research examined the correlation between HbA1c levels as well as lipid panel 

parameters in individuals with prediabetes. 

The present research indicated that the average age was 42.22 ± 12.94 years, with a virtually 

equal gender distribution of 244 males (48.8 percent) as well as 256 females (51.2 percent). 

Similarly, this study agreed with Kumar et al., (7) who aimed to determine any link among 

HbA1c levels and lipid profiles among individuals with diabetes, prediabetes, and those without 

diabetes. A thousand people, aged from eighteen to sixty years old, were involved in the 

research.  

When insulin activity is significantly diminished, the production of lipoprotein lipase is 

substantially eliminated, which greatly hinders the metabolism of triglyceride-rich lipoproteins. 

This results in an elevation of triglyceride-rich lipoproteins and a postponement in the clearance 

of VLDL as well as chylomicrons (8). Adipose tissue lipolysis, which releases free fatty acids 

into the bloodstream, is dramatically increased in insulinopenia. Increased triglyceride 

synthesis, VLDL generation, and release, and an increase in the supply of fatty acids to the liver 

are all outcomes of raised blood fatty acid levels (9).  
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Our findings indicated a significant positive association among HbA1c and cholesterol, 

triglycerides, LDL, and VLDL. However, a significant inverse association was found between 

HbA1c and HDL, indicating that as HbA1c levels increased, HDL levels tended to decrease. 

Also, our results were consistent with Kumar et al., (7) who reported that the concentrations 

of triglycerides, VLDL, and total cholesterol, in addition to LDL, were elevated in individuals 

with diabetes in contrast to those in the prediabetic stage. Statistical analysis revealed a 

statistically significant relationship among glycemic control and average levels of triglycerides 

and VLDL in the research population. Mean HDL levels were negatively correlated with 

glycemic control, however this correlation was not statistically significant. 

Consistent with these findings, prior research indicated that triglyceride levels were raised in 

prediabetic and T2DM participants, and their favorable correlation with the risk of developing 

CVD was significantly acknowledged (10). In addition, it has been noted that individuals who 

appear to be healthy actually have oversecretions of insulin due to excessive serum triglyceride 

levels (11). Patients with hypertriglyceridemia had lower blood insulin levels and a lower 

occurrence of T2DM when their triglyceride serum levels were reduced, indicating a possible 

responsible link between hypertriglyceridemia and insulin resistance (12). Consequently, 

variations in triglyceride levels corresponded with alterations in the incidence of T2DM, with 

a 4 percent increased risk potentially related to each 10 mg/dL rise in triglyceride levels (13). 

Our findings suggested that individuals with higher HbA1c levels had significantly worse lipid 

profiles, specifically in terms of cholesterol, TG, LDL, and VLDL, compared to those with 

lower HbA1c levels within the prediabetic range. HDL was the only exception to this pattern, 

as it did not exhibit a significant difference between the two groups. Furthermore, Group 2 

exhibited a substantially higher LDL/HDL ratio, triglyceride/HDL ratio, as well as 

cholesterol/HDL ratio than Group 1.  

This study was consistent with Mulla et al., (14) who revealed that Individuals with prediabetes 

exhibited substantially elevated levels of total cholesterol, LDL cholesterol, and VLDL 

cholesterol, as well as triglycerides, in comparison to the control group. Additionally, their HDL 

cholesterol levels were significantly decreased. 

Similarly, this study agreed with Calanna et al., (15), who investigated lipid abnormalities and 

hepatic steatosis in cases with HbA1c-defined prediabetes and T2DM in contrast to those with 

HbA1c-defined normoglycemia. Individuals with prediabetes demonstrated reduced HDL 

cholesterol levels and increased triglyceride levels relative to controls. The researchers found 

that those with HbA1c-defined prediabetes and T2DM displayed variations in lipid profiles and 

liver steatosis, indicating an increased risk for cardiovascular and liver diseases. 

Also, Kumar et al., (7)  who revealed that In comparison to individuals in the prediabetic stage 

(HbA1c 5.7-6.4), the study found a higher prevalence of dyslipidemia between those with 

diabetes (HbA1c ≥6.5). There was a significant correlation between diabetes and dyslipidemia 

(TG > 150, VLDL > 30, CHOL > 200, in addition to LDL > 130). accordance with the findings, 

there was no significant correlation among the participants' HDL levels and their diabetes. 

This study assessed the predictive value of lipid profile parameters for progression from 

prediabetes to T2DM using logistic regression analysis. The AUC values revealed that total 

cholesterol had the highest predictive value (AUC = 0.802), followed by LDL (AUC = 0.701) 

and triglycerides (AUC = 0.731). HDL had the lowest predictive value (AUC = 0.437), 

suggesting its limited role as a predictor for T2DM progression in this cohort. 

In accordance with our findings, Ad’hiah et al., (16) aimed to determine whether lipid markers 

play a role in predicting the development of diabetes from pre-diabetes. The results showed that 

triglycerides, VLDL, the triglyceride/HDL ratio, and the triglyceride-FBG index were 

significant indicators of prediabetes and normoglycemia, according to the ROC curve analysis. 

According to their findings, triglycerides and VLDL are two important lipid indicators that, 

when combined with ROC curve analysis, can detect pre-diabetes and, when combined with 

logistic regression analysis, are associated with a higher risk of developing diabetes. The blood 

levels of both markers were significantly greater in people who were pre-diabetic or diabetic. 

In addition, the triglyceride-FBG index, which includes triglycerides, has a predictive value of 

0.924 for differentiating between normoglycemia and pre-diabetes, and it is related to a 32.44-
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fold increased chance of developing pre-diabetes, with the highest risk being among diabetic 

individuals (OR = 188.50). The triglyceride-FBG index and triglycerides alone are strong 

indicators of prediabetes and diabetes, respectively. 

 Individuals with prediabetes demonstrate compromised fasting glucose levels and/or glucose 

tolerance, and lifestyle alterations can diminish the advancement of prediabetes to diabetes by 

around 58 percent throughout a three-year period (17). Furthermore, insulin resistance may 

precipitate specific clinical occurrences associated with fat accumulation in insulin-sensitive 

tissues (e.g., the liver, visceral organs, and skeletal muscles) of prediabetic individuals, leading 

to low-grade inflammation as well as T2DM (18).Moreover, insulin resistance correlates with 

increased levels of VLDL (19). 

Subsequent research confirmed that VLDL was more highly expressed in the blood of people 

with diabetes than in those at risk of developing the disease; nevertheless, levels were still 

significantly greater in both groups in comparison to healthy controls (20). The lipid profile is 

frequently highlighted as a substantial risk factor in all follow-up regimens for T2DM. 

 

Conclusion 

We concluded that individuals with higher HbA1c (6.0%–6.4%) levels had significantly worse 

lipid profiles, specifically in terms of triglycerides, cholesterol, VLDL, LDL, LDL/HDL ratio, 

cholesterol/HDL ratio and triglyceride/HDL ratio compared to those with lower HbA1c (5.4%–

5.9%) levels within the prediabetic range.  The four parameters' effects on pre-diabetes risk 

were validated by logistic regression analysis. Untraditional lipid panels may be considered 

promising biomarkers to predict progression from prediabetes to T2DM. 

 

References 
1. Echouffo-Tcheugui JB, Selvin E. Prediabetes and what it means: the epidemiological evidence. 

Annu Rev Public Health. 2021;42(1):59–77.  

2. Association AD. 2. Classification and diagnosis of diabetes: standards of medical care in 

diabetes—2020. Diabetes Care. 2020;43(Supplement_1):S14–31.  

3. Cosic V, Jakab J, Pravecek MK, Miskic B. The Importance of Prediabetes Screening in the 

Prevention of Cardiovascular Disease. Med Arch. 2023;77(2):97.  

4. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and regional 

diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from the 

International Diabetes Federation Diabetes Atlas. Diabetes Res Clin Pract. 2019;157:107843.  

5. Siu AL. Screening for abnormal blood glucose and type 2 diabetes mellitus. Ann Intern Med. 

2016;165(3):225.  

6. Sharahili AY, Mir SA, ALDosari S, Manzar MD, Alshehri B, Al Othaim A, et al. Correlation of 

HbA1c level with lipid profile in type 2 diabetes mellitus patients visiting a primary healthcare 

center in Jeddah City, Saudi Arabia: a retrospective cross-sectional study. Diseases. 

2023;11(4):154.  

7. Kumar S, Kumari B, Kaushik A, Banerjee A, Mahto M, Bansal A. Relation between HbA1c and 

lipid profile among prediabetics, diabetics, and non-diabetics: A hospital-based cross-sectional 

analysis. Cureus. 2022;14(12).  

8. Subramanian S. Hypertriglyceridemia: Pathophysiology, Role of Genetics, Consequences, and 

Treatment. Endotext South Dartmouth (MA). 2024;  

9. Pal SC, Méndez-Sánchez N. Insulin resistance and adipose tissue interactions as the cornerstone 

of metabolic (dysfunction)-associated fatty liver disease pathogenesis. World J Gastroenterol. 

2023;29(25):3999.  

10. Alexopoulos AS, Qamar A, Hutchins K, Crowley MJ, Batch BC, Guyton JR. Triglycerides: 

emerging targets in diabetes care? Review of moderate hypertriglyceridemia in diabetes. Curr 

Diab Rep. 2019;19:1–11.  

11. McLaughlin T, Abbasi F, Lamendola C, Yeni-Komshian H, Reaven G. Carbohydrate-induced 

hypertriglyceridemia: an insight into the link between plasma insulin and triglyceride 

concentrations. J Clin Endocrinol Metab. 2000;85(9):3085–8.  

12. Cheal KL, Abbasi F, Lamendola C, McLaughlin T, Reaven GM, Ford ES. Relationship to insulin 

resistance of the adult treatment panel III diagnostic criteria for identification of the metabolic 

syndrome. Diabetes. 2004;53(5):1195–200.  

13. Tirosh A, Shai I, Bitzur R, Kochba I, Tekes-Manova D, Israeli E, et al. Changes in triglyceride 



Correlation Between Hba1c Levels And Untraditional Lipid Panels In Prediabetics 
SEEJPH Volume XXVIII, 2025, ISSN: 2197-5248; Posted:20-08-2025 

 

 

194 | P a g e  
 

levels over time and risk of type 2 diabetes in young men. Diabetes Care. 2008;31(10):2032–7.  

14. Mulla IG, Anjankar A, Shinde A, Pratinidhi S, Agrawal S V, Gundpatil DB, et al. Comparison 

of Lipid Profiles Between Prediabetic and Non-prediabetic Young Adults. Cureus. 2024;16(7).  

15. Calanna S, Scicali R, Di Pino A, Knop FK, Piro S, Rabuazzo AM, et al. Lipid and liver 

abnormalities in haemoglobin A1c-defined prediabetes and type 2 diabetes. Nutr Metab 

Cardiovasc Dis. 2014;24(6):670–6.  

16. Ad’hiah AH. Significance of lipid profile parameters in predicting pre-diabetes. Arch Razi Inst. 

2022;77(1):277.  

17. Tuso P. Prediabetes and lifestyle modification: time to prevent a preventable disease. Perm J. 

2014;18(3):88.  

18. Reaven G. The metabolic syndrome or the insulin resistance syndrome? Different names, 

different concepts, and different goals. Endocrinol Metab Clin. 2004;33(2):283–303.  

19. Hirano T. Pathophysiology of diabetic dyslipidemia. J Atheroscler Thromb. 2018;25(9):771–82.  

20. Kansal S, Kamble TK. Lipid Profile in Prediabetes. J Assoc Physicians India. 2016;64(3):18–21.  

 


