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Introduction: Diabetes is often accompanied by undiagnosed dyslipidemia. The aim of the

study is to investigate the clinical relevance of lipid profiles and lipid ratios as predictive

biochemical models for glycemic control in patients with type 2 diabetes mellitus (T2DM).

Methods: This is a retrospective study recruiting 140 patients with T2DM during a one-year

period, 2018–2019, at the Diabetic Center Sanglah General Hospital and Internal Medicine

Polyclinic Puri Raharja General Hospital. Demographic characteristics, glycosylated hemo-

globin (HBA1c) , and lipid profile were recorded and analyzed using SPSS version 25.0 for

Windows. The sample is then classified into good (HBA1c≤7) and poor (HBA1c>7) glyce-

mic control. Risk analysis model, receiver operator characteristics (ROC) analysis, and

correlation test were used to evaluate the association of HBA1c level with lipid profile and

lipid ratio parameters.

Result: Lipid profile findings such as total cholesterol (TC), low-density lipoprotein cho-

lesterol (LDL-C) , triglycerides (TG), and lipid ratio parameter (LDL-C to high-density

lipoprotein cholesterol (HDL-C) ratio) were higher in patients in the poor glycemic control

group (p<0.05) and HDL-C was significantly lower in patients with poor glycemic control

(p=0.001). There is a significant positive correlation between LDL, total cholesterol, LDL-C,

TG, and TC to HDL-C ratio, triglycerides, and TC/HDL-C ratio with HBA1c level.

Meanwhile, a negative correlation was observed on HDL-C with the HBA1c level. Only

TC/HDL-C ratio and LDL-C/HDL-C ratio parameters may be used as predictive models

(AUC>0.7), with cutoff point, sensitivity, and specificity of 4.68 (77%; 52%) and 3.06 (98%;

56%) respectively. A risk analysis model shows that the LDL-C/HDL-C ratio parameter is

the most influential risk factor in the occurrence of poor glycemic control (adjusted OR

=38.76; 95% CI: 27.32–56.64; p<0.001).

Conclusion: Lipid profiles (LDL-C) and lipid ratios (LDL-C/HDL-C and TC/HDL-C ratio)

show potential markers that can be used in predicting glycemic control in patients with

T2DM.
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Introduction
Diabetes is a metabolic disease characterized by a state of hyperglycemia caused by

a defect of insulin action, insulin secretion or both (insulin resistance).1,2 The

incidence of diabetes itself is still something that should be aware of developing

and developed countries. In the USA in 2012 the incidence of diabetes was 1.9

million people, while globally the incidence of diabetes mellitus was estimated

around 8.3%.3 It was estimated that in 2017 there are 451 million (age 18–99
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years) people with diabetes worldwide. These figures were

expected to increase to 693 million by 2045. It was esti-

mated that almost half of all people (49.7%) living with

diabetes are undiagnosed. The increase in the incidence of

diabetes shows that in the future there will be more dia-

betes-related complications that will be faced such as

coronary heart disease (CAD), peripheral arterial disease

(PAD), stroke, and other conditions caused by endothelial

dysfunction in diabetic conditions.4,5 Apart from that, the

future challenge for health practitioners is to provide ade-

quate therapy for individuals who have diabetes to achieve

the best glycemic control.6

Cardiovascular-related morbidity and mortality are

common complications in diabetes and could be associated

with dyslipidemia. So, control of lipid profiles and glyce-

mic index is a critical factor in the prevention of cardio-

vascular complication.5,6

Glycosylated hemoglobin (HBA1c) is an absolute indi-

cator of long-term blood glucose control (a reflection of

blood sugar control in the last three months) and is a gold

standard of glycemic control in patients with type 2 dia-

betes mellitus (T2DM).6,7 Increased HBA1c has been

known as a risk factor for cardiovascular disorders in

patients with diabetes. Many individuals with diabetes

who have poor glycemic control experience a dyslipidemic

state such as an increase in triglycerides (TG), low-density

lipoprotein cholesterol (LDL-C), and a decrease in high-

density lipoprotein cholesterol (HDL-C).4,7 Individuals

with diabetes accompanied by the coexistence of meta-

bolic syndrome (hypertension, dyslipidemia, abdominal

obesity, and hyperglycemia) have a very high risk for the

occurrence of a cardiovascular complication.3,4

A close linkage between glycemic control with lipid

profiles makes it necessary to pay special attention to both

aspects in order to prevent microvascular and macrovascular

complications associated with diabetes.8–10 Based on recom-

mendations for treatment of dyslipidemia by the European

Society of Cardiology (ESC), LDL cholesterol has become

the main focus in the management of lipid profiles in patients

with CAD or a CAD risk factor equivalent such as diabetes,

which must have strict LDL-C control below 70 mg/dL.8

This illustrates that lipid profiles play a critical role in cardi-

ovascular risk and the prognosis of diabetes.

The study conducted by Lin et al11 showed that

patients with diabetes mellitus had higher levels of lipid

profiles (LDL-C, total cholesterol (TC), TG) and lipid

ratios (TG/HDL, LDL/HDL) compared to healthy people

and a significant positive correlation between lipid profiles

and HBA1c level. The existence of these findings illus-

trates there is a link between lipid profiles on the glycemic

index and vice versa. This provides a possible association

between glycemic control and dyslipidemias in patients

with diabetes mellitus.12 This study aims to explore the

association between lipid profile and lipid ratio, and uses

these lipid parameters as predictive biochemical markers

for glycemic index control in patients with type 2 diabetes

mellitus.

Method
Study design and subject
This study is a retrospective analysis of T2DM patients

who routinely perform glycemic control in the diabetic

center of Sanglah General Hospital, and the internal med-

icine polyclinic of Puri Raharja General Hospital in the

period 2018–2019. Patients who have conditions that

affect glycemic control such as chronic liver disease and

thyroid disorders were excluded from this study. The age

range of diabetic persons in this study is 30–65 years.

Patients were then recorded for sociodemographic charac-

teristics (age, sex, duration of disease, and hypertension

status), HBA1c level (latest three months data) as an

indicator of glycemic control, lipid profile (LDL, HDL,

TG, and TC) and lipid ratio (TG/HDL-C, LDL-C/HDL-C,

TC/HDL, and non-HDL-C). The grouping of research

subjects was based on HBA1c levels, the first group is

HBA1c ≤7 (good glycemic control), and the second group

is HBA1c >7 (poor glycemic control).

Biochemical laboratory evaluation
All lipid profile and HBA1c examinations were carried out

following standard laboratory procedures, and the data

obtained were the results of the latest blood biochemical

examination in the last three months. Non-HDL choles-

terol is a result of a subtraction of HDL-C from TC. LDL-

C/HDL-C ratio is the result of the absolute value of LDL-

Cdividedby HDL-C. TG/HDL ratio is the result of the

absolute value of TG divided by HDL-C. TC/HDL is the

ratio of the absolute value of TC divided by HDL-C. The

cutoff points used for lipid profile parameters for TC are

200 mg/dL, TG are 150 mg/dL, LDL-C is 130 mg/dL, and

HDL-C is 40 mg/dL.

Statistical analysis
Statistical analysis in this study uses SPSS version 25.0 for

Windows (IBM Corporation, Armonk, NY, USA). Data
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that are normally distributed will be displayed in the form

of mean and standard deviation, while data that do not

have a normal distribution will be shown in the median

and IQR. A partial correlation test was used to evaluate the

correlation between lipid profile and lipid ratio to HBA1c

level, and an independent t-test or Mann–Whitney U-test

was used to assess differences in numerical lipid profile

and lipid ratio between patients with good and poor gly-

cemic control. Analysis of receiver operator characteristics

(ROC) curves and risk analysis models using logistic

regression was used to make risk predictions of lipid

profile parameters and lipid ratios against glycemic control

in patients with T2DM. All tests were considered signifi-

cant if the value of p<0.05.

Result
Subject characteristics
This study involved 140 people with T2DM. From the

demographic characteristics of the subjects there were no

significant differences in the age, gender, duration of dis-

ease, body mass index (BMI), and hypertensive status

between groups with poor and good glycemic control

(p>0.05). Lipid profile findings such as TC and LDL-C

were significantly higher in the group with poor glycemic

control (p<0.05) and HDL-C was significantly lower in

patients with poor glycemic control (p=0.001). However,

there was no significant difference in triglyceride between

patients with good and poor glycemic control (p>0.05).

Lipid ratio parameter findings such as TC-TG-LDL/HDL-

C ratio were significantly higher in the group with poor

glycemic control (p<0.05). However, there was no signifi-

cant difference in the Non-HDL-C parameter (p=0.059)

(Table 1).

Correlation of lipid profile and lipid ratio

with HBA1c level
Partial correlation was used to determine the correlation of

lipid profile and lipid ratio to HBA1c levels in patients

with T2DM by controlling age, gender, disease duration,

BMI, and hypertension status. There is a significant posi-

tive correlation between LDL (r=0.679), TC (r=0.472),

LDL-C/HDL-C ratio (r=0.543), and TG/HDL-C ratio

(r=0.5), TG (r=0.276), TC/HDL-C ratio (r=0.266) with

HBA1c level. These findings illustrate that the increase

in the value of the lipid profile will tend to experience an

increase in HBA1c level. On the other hand, there is a

negative correlation between HDL-C (r=−0.568; p<0.001)

on the HBA1c level, which means that there is an inverse

correlation between HDL-C and HBA1c. However, there

is no significant correlation observed in non-HDL-C para-

meters (Table 2).

Predictive model of lipid ratio as

predictive biochemical markers for

glycemic control in type 2 diabetes
Prediction models were performed by receiver operator char-

acteristics curve (ROC) analysis on lipid ratio parameters to

glycemic control as the outcome of this study (Figure 1).

Only TC/HDL-C ratio and LDL-C/HDL-C ratio parameters

may be used as predictive models because they have area

under the curve (AUC) >0.7, which is higher than other lipid

ratio parameters (TG/HDL-C and non-HDL-C). TC/HDL-C

ratio parameters have a sensitivity value of 77% and specifi-

city of 52% with a cutoff value of 4.68, while the LDL-C/

HDL-C parameter has a sensitivity of 98% and specificity of

56% with a cutoff value of 3.06 (Table 3).

Risk analysis model of lipid profile and

lipid ratio as predictive biochemical

markers for glycemic control in T2DM
The risk analysis model is based on the cutoff point on the

ROC curve; the lipid ratio value that exceeds the cutoff point

will be classified as a high-level ratio, and the value below or

equal to the cutoff point will be concluded as a normal level

ratio. As for the lipid profile parameters, the value used came

from the normal values of laboratory parameters. In the

univariable analysis model, only the LDL-C and lipid ratio

parameters (TC/HDL-C, LDL-C/HDL-C, non-HDL-C) have

a significant association as risk factors for the occurrence of

poor glycemic control (OR>1; p<0.05). However, through

multivariable analysis found TC/HDL-C parameters

(adjusted OR: 3.24; 95% CI: 1.58–18.14; p=0.018), LDL-C

(adjusted OR: 3.14; 95% CI: 1.04–8.50; p=0.003) is a risk

factor for the occurrence of poor glycemic control and the

LDL-C/HDL-C parameter is the most influential risk factor

in the occurrence of poor glycemic control (adjusted OR

=38.76; 95% CI: 27.32–56.64; p<0.001). People with high

LDL-C/HDL-C ratio have a risk of having poor glycemic

control 38 times higher than patients who have a normal

LDL-C/HDL-C ratio (Table 4).

Discussion
Diabetes tends to be accompanied by unknown dyslipide-

mia. The condition of dyslipidemia is characterized by
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abnormalities of two or more parameters of the lipid

profile.10 Based on recommendations from the American

Diabetes Association, periodic serum lipids should be

carried out in patients with diabetes as a screening method

to determine the condition of dyslipidemia.13

In this study, a significantly higher lipid and lipid ratio

profile and lower HDL-C in the group with poor glycemic

control were found. Another study conducted by Khan

et al14 investigating differences in lipid profile in 2,220

T2DM patients showed lipid profile parameters for TC

(5.49±0.04 vs 5.16±0.03 mmol/L), TG (2.13±0.04 vs

1.88±0.02 mmol/L), HDL-C (1.1±0.01 vs 1.21±0.08

mmol/L), and LDL-C (3.34±0.02 vs 3.09±0.03 mmol/L),

which is higher in patients with poor glycemic control

compared to good glycemic control.

The existence of the dyslipidemia phenomenon in dia-

betes can be explained by changes in plasma lipoprotein that

occur in patients with diabetes in fasting and post-prandial

conditions modulated by defects from insulin action and

hyperglycemia.15,16 In postprandial conditions fatty acids

and cholesterol obtained from food products that are

absorbed in intestines become one in the form of TG and

cholesteryl esters which are then converted to chylomicrons.-
17,18 In adipocyte cells and muscle cells chylomicrons it is a

substrate of lipoprotein which triggers lipolysis of TG and

fatty acids. Insulin regulates lipoprotein activity at certain

levels such as protein synthesis and gene expression.

Lipoprotein is reduced when insulin resistance occurs in a

diabetic condition which results in consequence of an

increase in TG and a decrease in HDL-C.17–20

Table 1 Baseline demographic characteristics, hypertensive status, lipid profile, and lipid ratios between good and poor glycemic

control

Variable Good glycemic control (HBA1c ≤7)

(n=84)

Poor glycemic control (HBA1c >7)

(n=56)

p

Age (years) (mean ± SD) 54.58±2.91 55.12±1.91 0.223

Gender (n,%)

Male 42 (66.7%) 21 (33.3%) 0.145

Female 42 (54.5%) 35 (45.5%)

Disease duration (month), median

(IQR)

77.50 (74–86) 76 (74–79) 0.534

BMI (kg/m2) (mean ± SD) 23.15±0.47 24.41±41.25 0.124

Hypertension (n,%)

Yes 63 (64.3%) 35 (35.7%) 0.114

No 21 (50%) 21 (50%)

Total cholesterol (mg/dL) (mean ±

SD)

193±31.47 200.50±25.56 0.026*

Triglyceride (mg/dL), median(IQR) 141 (78–170) 154 (98–172) 0.692

HDL-C (mg/dL) (mean ± SD) 41.67±3.94 39.33±4.03 0.001*

LDL-C (mg/dL) (mean ± SD) 124.51±14.80 135.69±14.43 <0.001

Lipid ratio parameters

TC/HDL-C (mean ± SD) 4.48±0.83 5.15±0.90 0.001*

TG/HDL-C (mean ± SD) 3.34±0.61 3.47±0.79 0.024*

LDL-C/HDL-C (mean ± SD) 3.01±0.44 3.46±0.38 <0.001*

Non HDL-C (mean ± SD) 151.57±31.15 161.16±25.85 0.059

Note: *Significant (p<0.05).
Abbreviations: BMI, body mass index; HBA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC,

total cholesterol; TG, triglycerides.

Table 2 Partial correlation between lipid profile and lipid ratio

with HBA1c level after adjustment for age, BMI, gender, disease

duration, and hypertensive status

Variable HBA1c Level

n r (correlation coefficient) p

Total cholesterol 140 0.472 0.044*

Triglyceride 0.276 0.001*

HDL-C −0.568 <0.001*

LDL-C 0.679 0.037*

Lipid ratio

TC/HDL 0.266 <0.001*

TG/HDL 0.5 <0.001*

LDL/HDL-C 0.543 <0.001*

Non-HDL-C 0.079 0.363

Note: *Significant (p<0.05)
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On the other hand, insulin resistance can independently

cause abnormal lipid profiles because of the condition of

hyperglycemia. A person with insulin resistance tends to

have excessive production of very low-density lipoproteins

(VLDL) and ApoC-III by the liver, and an increase in

absorption of chylomicrons in the gastrointestinal

tract.17,21,22 This will lead to prolonged postprandial lipe-

mia which is a very common finding in persons with

insulin resistance. Because VLDL and chylomicrons com-

pete in the same place on the pathway mediated by lipo-

protein to excrete TG from the circulation, the condition of

postprandial hyperlipidemia causes a disruption of the

VLDL and TG clearance.17,22 The presence of small and

dense LDLs in insulin-resistant conditions is widely

modulated by the action of cholesteryl-ester-transfer-

protein (CETP), which mediates the exchange of VLDL

or chylomicrons for LDL cholesteryl esters which will

later produce small dense LDL.22–24

Another form of insulin resistance is a decrease in

HDL and apA-I cholesterol, an increase in hydrolysis

from TG, an increase in liver lipase, and an increase in

the production of smaller HDL. The presence of smaller

and denser HDL particles will tend to be cleaned more

quickly in the liver compared to medium and large HDL,

this will further contribute to the decrease of HDL choles-

terol and apoA-1 as a component that reuptake of lipids in

the endothelium.17,22

The research conducted by Mahato et al5 involving 294

T2DM patients in Kathmandu, Nepal, showed a significant

positive correlation between TC (p=0.017), LDL-C
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Figure 1 ROC analysis of lipid profile and lipid ratio as a predictive marker for glycemic control in type 2 diabetes mellitus.

Table 3 Area under the curve (AUC), cutoff value, sensitivity, specificity of lipid ratio and lipid profile for glycemic control

Parameter AUC 95% CI Cut off value Sensitivity Specificity p

TC/HDL 0.760 0.57–0.75 4.68 77% 52% 0.001*

TG/HDL 0.695 0.48–0.70 3.53 61% 54% 0.038*

LDL/HDL 0.724 0.64–0.60 3.06 98% 56% <0.001*

Non-HDL-C 0.602 0.49–0.81 152 63% 60% 0.045*

Note: *Significant (p<0.05)
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(p=0.011), and LDL-C/HDL-C ratio (p=0.005) to the HBA1c

level. Another study by Khan et al25 involving 1,011 T2DM

patients showed a significant positive correlation between

TC (r=0.127; p<0.001), TG (r=0.153; p<0.001), HDL (r=

−0.128; p=0.002), and LDL (r=0.142; p=0.001). There were

similar findings in this study, where lipid profiles and lipid

ratios have a positive correlation and HDL-C has a negative

correlation with the HBA1c level.

The study conducted by Suresh et al1 showed a higher

prevalence of CAD in patients with poor glycemic control

(HBA1c>9). These findings illustrate the association

between diabetes and atherosclerotic plaque formation

which illustrates good glycemic control, which can reduce

the risk of diabetes-related cardiovascular complication.22

In conditions of hyperglycemia, there can be an increase in

glycosylation and oxidation of LDL, endothelial dysfunc-

tion, increased coagulation pathways, and increased expres-

sion of adhesion molecules that trigger the formation of

atherosclerotic plaques as cardiovascular complications of

diabetes.6 This shows the importance of controlling the

lipid and glycemic index as a method of preventing cardi-

ovascular complications related to diabetes. Future health

challenges will always be faced by health practitioners to

always provide optimal services in glycemic control in

patients with T2DM to prevent complications and reduce

diabetes-related morbidity and mortality.10

The present study provides a different view of the role

of lipid profiles and lipid ratios as a predictive marker for

glycemic control, not only defining the correlation of lipid

parameters, but also providing a cutoff value of lipid ratio

that might be a new valuable ratio in lipid management in

person with T2DM.

The limitations of this study are the absence of data

regarding dietary consumption, physical activity, and com-

plications associated with diabetes that cannot be fully

studied, so there is likely to be a bias that could affect

glycemic control in T2DM. Moreover, the current study is

only a retrospective study that has a less causal relation-

ship than a cohort study.

Conclusion
Lipid profiles (LDL-C) and lipid ratios (LDL-C/HDL-C &

TC/HDL-C ratio) show potential markers that can be used

in predicting glycemic control in patients with T2DM.

Higher lipid profile parameters (TC, LDL-C) and higher

lipid ratios (TC/HDL-C, TG/HDL-C, LDL-C/HDL-C

ratio), and lower HDL-C in were found mostly in the

group with poor glycemic control. Further research on a

large scale is needed before using these parameters for

predicting glycemic control in clinical settings.
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