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Abstract---Objectives: The lipid abnormalities seen in Type 2 Diabetes 

Mellitus (T2DM), especially hypertriglyceridemia, undoubtedly 

contribute to higher risk of atherosclerotic cardiovascular disease 
(ASCVD). Carotid intima media thickness (CIMT) measurement is a 

suitable non-invasive method to detect early changes of 

atherosclerosis. As atherosclerosis is increasingly being recognized as 
a postprandial event, the present study is aimed to study the 

correlation between fasting and postprandial triglyceride levels with 

CIMT in patients with T2DM. Materials and Method: 106 T2DM 
patients in the age group 30 to 75 years with duration of initial 

diagnosis of T2DM ≥ 5years, without ischemic heart disease, 

cerebrovascular disease and peripheral vascular disease were 

recruited in this single centre, cross sectional, observational study. 
CIMT was measured in all patients using B mode ultrasonography. 
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Fasting and postprandial blood glucose levels, glycosylated Hb 

(HbA1c), renal function tests, fasting and postprandial triglyceride 

levels (FTG, PPTG), total cholesterol, HDL, LDL and VLDL were 

measured. Results: The study population was divided into 3 groups 
based on fasting and postprandial triglyceride levels: Group A (FTG 

<150 mg/dl, PPTG <200 mg/dl), Group B (FTG <150 mg/dl, PPTG 

≥200 mg/dl) and Group C (FTG ≥150mg/dl, PPTG ≥ 200 mg/dl). The 
mean CIMT in individuals in Group C was significantly higher than 

those in Group A (p < 0.001). Significantly higher CIMT was also 

present in Group B vs Group A (p < 0.001). However, there was no 

such statistically significant difference among Group B and Group C 
pertaining to the mean CIMT.  Group B and Group C were found to 

have higher number of individuals with CIMT > 0.9mm whereas all 

individuals from Group A had CIMT between 0.5mm to 0.9mm. FTG 
and PPTG  both had a significant, moderately positive correlation with 

CIMT, with PPTG having a more positive correlation as compared to 

fasting levels (r = 0.63 vs r = 0.57). CIMT also had a weak positive, but 
statistically significant correlation with BMI (r = 0.322, p < 0.05), 

HbA1c (r = 0.344, p < 0.05) and VLDL (r = 0.261, p < 0.05). 

Conclusion: Isolated elevation in postprandial triglyceride levels may 

present as a better and early indicator of dyslipidemia related to 
atherosclerosis in Type 2 diabetes mellitus. 

 

Keywords---carotid intima media thickness, hypertriglyceridemia, 
diabetes. 

 

 
Introduction  

 

The global burden of diabetes mellitus continues to increase and is presenting to 
be the fastest growing health challenges of the 21st century. As per the 

International Diabetes Federation, 463 million adults are living with diabetes 

mellitus, this number having tripled in the past 20 years. It is estimated that by 

2030 there will be 578 million adults with diabetes and 700 million by 2045. [1]  
In India, the prevalence of diabetes in adults is 8.9%. Currently 77 million people 

in India are suffering from diabetes mellitus, making it the second most affected 

country in the world. [2] India is at the epicentre of this diabetes pandemic. Lower 
age at onset and lower levels of body mass index (BMI) characterizes Type 2 

diabetes mellitus (T2DM) in Asian Indians as compared to the western population. 
[3] 

 

Diabetes is associated with high cardiovascular morbidity and mortality. The 

Framingham Heart study showed a marked increase in peripheral artery disease, 
coronary artery disease, myocardial infarction and heart failure in patients with 

diabetes.[4] Asian Indian population with T2DM especially has a higher risk of 

developing coronary artery disease.[3] This increase in cardiovascular disease 

(CVD) seems to be due to the sum effect of hyperglycemia with other 
cardiovascular risk factors like dyslipidemia, hypertension, obesity, cigarette 

smoking and low physical activity.  Additionally, albuminuria, reduced glomerular 

filtration rate (GFR), abnormal platelet function, increased markers of 
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inflammation and endothelial dysfunction contribute to higher prevalence of CVD 

in this cohort of patients.  
 

Hyperlipidemia seems to be associated with insulin resistance in T2DM. Insulin 

resistance and the subsequent hyperinsulinemia are related to 
hypertriglyceridemia, elevated low-density lipoproteins (LDL), and reduced high 

density lipoproteins (HDL). These lipid abnormalities undoubtedly contribute to 

higher risk of atherosclerotic cardiovascular disease (ASCVD). Xiao et al coined 

the term atherogenic dyslipidemia to encompass these cluster of abnormalities: 
hypertriglyceridemia, low HDL cholesterol (HDL-C) levels, high small dense LDL 

(sdLDL) levels, elevated levels of remnant lipoproteins, and postprandial 

hyperlipidemia.[5] Persistently elevated triglycerides (TG) (non-fasting triglycerides 
≥175 mg/dL) have been identified as one of the risk-enhancing factors by the 

2018 AHA/ACC/multisociety cholesterol guideline. [6,7]Several studies have shown 

substantial residual risk of cardiovascular events in spite of statin therapy in 
diabetic patients due to persistently elevated triglyceride levels.  

 

Atherosclerosis is increasingly being recognized as a postprandial event. 
Postprandial hypertriglyceridemia generally develops 3 to 6 hours after a meal. It 

is further exacerbated by the next meal and persists throughout the day. Thus, 

the vascular tree is exposed to this metabolic milieu for a majority of the day. 

Thus, measurement of postprandial triglyceride levels may prove to be more 
reliable than the fasting levels as a predictor of atherosclerotic disease especially 

in diabetic patients. 

 
Atherosclerosis is generally asymptomatic till the plaque stenosis exceeds 70% to 

80% of the luminal diameter after which it can lead to a reduction in blood flow. 

Atherosclerotic plaques can progress either chronically, with gradual luminal 
narrowing or acutely, or with plaque rupture and thrombosis. Hence it might 

prove beneficial to screen for atherosclerotic disease prior to the development of a 

cardiovascular or cerebrovascular event. Carotid intima media thickness (CIMT) 
measurement by B mode ultrasonography is a suitable non-invasive method to 

detect early changes of atherosclerosis. CIMT has been studied to be a marker of 

atherosclerosis and has been positively associated with coronary artery disease 

and stroke with lipid lowering agents shown to slow the progression of CIMT.[8] 
CIMT has also been shown to have positive correlation with elevated triglyceride 

levels, especially in the postprandial period. [9,10] With this background, the 

present study is aimed to study the correlation between fasting and postprandial 
triglyceride levels with CIMT in patients with Type 2 Diabetes Mellitus.  

 

Methodology  
 

This was a single centre, cross sectional, observational study based in a tertiary 

care centre conducted over period of 18 months (October 2019 to March 2021). A 
total of 106 participants were enrolled in the present study. It was conducted on 

subjects with Type 2 Diabetes Mellitus between age 30 to 75 years, at Krishna 

Hospital and Medical Research Centre, Karad.  
 

 

 

https://paperpile.com/c/HX9djg/Z4fW+nhkv
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Inclusion criteria  

 

Individuals having Type 2 Diabetes Mellitus, between the ages 30 to 75 years, 

with duration from initial diagnosis of Type 2 DM ≥ to 5 years.  
Exclusion criteria: 
1. Type 1 Diabetes Mellitus patients 

2. Duration from initial diagnosis of Type 2 Diabetes Mellitus < 5 years 
3. Patients < 30 years or > 75 years 

4. Patients with evidence of ischaemic heart disease, cerebrovascular and 

peripheral vascular disease. 
5. Presence of other causes of hypertriglyceridemia- Hypothyroidism, Chronic 

liver disease, chronic kidney disease and/or nephrotic syndrome, Medication 

induced: Hormone related (Oral oestrogens, Tamoxifen, Raloxifene, Retinoids, 
Glucocorticoids), Immune related (Cyclosporine, Tacrolimus, Interferon) 

6. Patients receiving lipid lowering drugs- Statins, Fenofibrates 

 

Institutional Ethics Committee (IEC) [Protocol number: 217/2019-2020] approval 
was taken. The written and informed consent was taken from all the participants 

in local and English language before including them in to the study. 

 
The enrolled subjects underwent bilateral carotid artery Doppler using B mode 

ultrasonography with 7.5MHz transducer on Siemens Acuson Juniper VA10 

ultrasound machine, to determine the intimal medial thickness. The intima media 
thickness was measured at 3 sites- at the carotid bulb, 1cm proximal and 1 cm 

distal to the bulb. It was measured from the leading edge of the first echogenic 

line- representing the interface between the lumen and the intima, to that of the 
second echogenic line- which represented the junction between the media and the 

adventitia. The mean value from the three measurements was calculated. The 

mean value of the right and left CIMT was considered for analysis. 

 
After an overnight fast of 12 hours, blood samples were drawn to analyse the 

fasting blood glucose (BSL F) levels and the fasting lipid profile (Total cholesterol, 

LDL, HDL and fasting Triglycerides- FTG). Patients, after taking insulin or OHAs, 
took a standard meal of 9kcal/kg (60–65% energy provided by carbohydrate, 15–

20% by protein, and 20% by fat). Postprandial blood glucose (BSL PP) was 

measured 2 hours post meal.  Postprandial triglyceride (PPTG) levels were 
assessed from samples drawn 4 hours post meal. Glycosylated Hb (HbA1c) and 

renal function tests were also studied in the study subjects.  

 
Statistical analysis 

 

After data collection, it was compiled and statistically analysed using Microsoft 

Excel and IBM SPSS version 23.1 (Trial version). It was expressed as means with 
standard deviation, number and percentage. Chi square test, ANOVA and Pearson 

correlation were used for analysis. Correlation findings (r value) were described as follows: r = 0.8 to 

0.00 as strong correlation, 0.4 to 0.79 as moderate correlation and 0 to 0.39 as weak correlation. Statistical 

significance was considered at p < 0.05 at 95% confidence interval.  
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Figure 1. Proper location for measurement of CIMT 
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‘  

Figure 2. Carotid artery Doppler study showing intima media thickness 

measurement 
 

Results 

 
This was a cross-sectional, observational study done on 106 patients with Type 2 

diabetes mellitus. The mean age of the participants was 59.58 (± 11.50) years, 

with a range of 32 to 75 years. The majority had age between 61 to 70 years 

(34.9%), followed by 51 to 60 years (24.5%). The study population had 66% males 
(n=70) and 34% females (n=36). The male to female ratio was 1.94:1 (X2 = 10.91, 

df = 1, p < 0.001). 

 
Baseline characteristics of all subjects 

 

Out of the 106 subjects, 92 (86.7%) were taking oral hypoglycemic agents (OHAs) 

for management of diabetes while remaining 14 (13.2%) were taking insulin 
therapy. 57 (53.77%) individuals also had hypertension and were on treatment for 

the same. The mean systolic blood pressure (SBP) of the participants was 144 (± 

17.13) mmHg, while the mean diastolic blood pressure (DBP) was 86.75 (± 10.50) 
mmHg. The range of SBP was 110 to 190 mmHg while that of DBP was 70 to 110 

mmHg. The study subjects had a mean body mass index (BMI) of 25.15 (± 3.10) 

kg/m2, thus predominantly falling in the overweight category. Maximum BMI was 
35.20 kg/m2, while minimum BMI was 17.31 kg/m2. The renal function tests 

were in normal range, with a mean blood urea of 36.52 (± 20.82) mg/dl and the 

mean serum creatinine of 1.09 (± 0.34) mg/dl. The mean fasting blood glucose 
(BSL F) was 176.31 (± 56.71) mg/dl, and the mean postprandial blood glucose 

(BSL PP) was 250.26 (± 77.21) mg/dl. The mean glycosylated haemoglobin 
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(HbA1c) was 7.9 (± 1.78) g%, indicating fair glycaemic control.  We studied the 

lipid profile of the participants and found the mean total cholesterol to be 159.34 
(± 50.15) mg/dl, the mean low-density lipoprotein (LDL) level to be 91.94 (± 41.12) 

mg/dl, the mean high-density lipoprotein (HDL) level to be 40.13 (± 35.21) mg/dl 

and, the mean very low-density lipoprotein (VLDL) level to be 41.16 (± 28.04) 
mg/dl. Triglyceride levels were studied in the fasting and postprandial period. The 

mean fasting triglyceride (F TG) level in the participants was 164.88 (± 99.45) 

mg/dl, while the mean postprandial triglyceride (PP TG) level was 212.81 (± 97.14) 

mg/dl. Carotid Doppler study revealed the mean carotid intima media thickness 
(CIMT) to be 1.05 (± 0.43) mm. The maximum CIMT recorded was 1.95mm while 

the minimum value was 0.50 mm. 

 
Table 1 (A)  

Baseline characteristics of all subjects 

 

Parameter Mean ± 1SD 

Age 59.58 ± 11.50 years 

Duration of diabetes mellitus 9.29 ± 3.16 years 
SBP 144 ± 17.13 mmHg 

DBP 86.75 ± 10.50 mmHg 

BMI 25.15 ± 3.10 kg/m2 

Serum urea 36.52 ± 20.82 mg/dl 
Serum creatinine 1.09 ± 0.34 mg/dl 

BSL F 176.31 ± 56.71mg/dl 

BSL PP 250.26 ± 77.21mg/dl 
HbA1c 7.9 ± 1.78g% 

Total Cholesterol 159.34 ± 50.15mg/dl 

LDL  91.94 ± 41.12 mg/dl 
HDL  40.13 ± 35.21 mg/dl 

VLDL  41.16 ± 28.04 mg/dl 

F TG  164.88 ± 99.45 mg/dl 
PP TG  212.81 ± 97.14 mg/dl 

CIMT  1.05± 0.43 mm 

 

Table 1 (B) 

Baseline characteristics of all subjects 
 

Parameter  Percentage 

Gender Male 70 (66%) 
Female 36 (34%) 

Treatment for diabetes 

mellitus 

Insulin 14 (13.2%)  

OHA 92 (86.7 %) 

Hypertension Present 57 (53.77%) 
Absent 49(46.22%) 

 

Study groups:  
We divided the study population into 3 groups based on fasting and postprandial 
triglyceride levels. 

1. Group A (Normal fasting triglycerides and normal postprandial triglycerides) 

[NN]:  FTG <150 mg/dl, PPTG <200 mg/dl 
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2. Group B (Normal fasting triglycerides and elevated postprandial triglycerides) 

[NH]:  FTG <150 mg/dl, PPTG ≥200 mg/dl 

3. Group C (Elevated fasting triglycerides and elevated postprandial triglycerides) 

[HH]: FTG ≥150mg/dl, PPTG ≥ 200 mg/dl 
 

The Group A group had 43 individuals (40.57%), whereas Group B and Group C 

had 12 (11.32%) and 51 (48.11%) individuals respectively.  
 

Table 2 

Study Groups 
 

Group n Percentage 

Group A (NN) – FTG <150 mg/dl, PPTG<200 mg/dl 43 40.57% 
Group B (NH)– FTG <150 mg/dl, PPTG >200 mg/dl 12 11.32% 

Group C (HH)– FTG >150 mg/dl, PPTG > 200 mg/dl 51 48.11% 

 

 
Figure 3. Study Groups 

 

The mean age in Group A was 60.95 (± 10.08) years, while in Group B it was 

57.92 (± 10.19) years. The mean age of Group C was 58.69 (± 12.18) years. There 
was no significant difference in the age distribution in the three groups (p = 

0.251). In Group A, 15 (33.8%) were female and 28 (65.1%) were male. In Group 

B, 4 (33.3%) were female and 8 (66.6%) were male while in Group C, 17 (33.3%) 
were female and 34 (66.6%) were male. There was no significant difference in the 

gender distribution in the three groups. (p = 0.98) 

 

The mean duration of diabetes in Group A, B and C was 8.20 (± 3.45) years, 8.67 
(± 2.20) years and 9.35 (± 2.97) years respectively. Group B and C participants 

had a longer duration of diabetes than Group A. This difference was statistically 

significant. (p < 0.05). 
The mean BSL F was 168.25 (± 48.20) mg/dl, 171.66 (± 43.25) mg/dl and 184.19 

(± 66.31) mg/dl in Group A, Group B and Group C respectively. There was a 

significant difference in the BSL F in the three groups (p < 0.05). There was also a 

41%

11%

48%

Group A Group B Group C
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significant difference in the postprandial blood glucose (BSL PP) levels in the three 

study groups (p < 0.05) with the mean BSL PP being 240.35 (± 87.12) mg/dl, 
270.75 (± 59) mg/dl and 285.25 (± 82.56) mg/dl in Group A, Group B and Group 

C respectively. The mean HbA1c was 7.73 (± 1.89) gm% in Group A, 8.17 (± 2.48) 

gm % in Group B and 8.95 (± 2.92) gm% in Group C. There was a significant 

difference (p < 0.05) present with respect to glycosylated Hb in the three groups. 
Thus, hypertriglyceridemia was associated with poor glycaemic control. 

 

There was a significant difference in the mean and SD of FTG and PPTG among 
the three groups (p < 0.001). No statistically significant difference was found in 

the distribution of the other lipid parameters in Group A, Group B and Group C. 

We did not find a significant difference among the three groups with respect to the 
anti- diabetic treatment taken, presence of hypertension, SBP, DBP, BMI and 

renal function tests.  

 

Table 3 
Baseline characteristics of all subjects in the study groups 

 

Parameter Group A (NN) 

(n=43) 

Group B (NH) 

(n=12) 

Group C (HH) 

(n=51) 

p 

Age 60.95 (± 10.08) 57.92 (± 10.19)  58.69 (± 12.18) 0.251 

Sex (M/F) 28/15 8/4 34/17  0.98 
Duration of diabetes 8.20 (± 3.45) 8.67 (± 2.20) 9.35 (± 2.97)  < 0.05* 

Treatment taken for 

diabetes (I/OHA) 

7/36 0/12 7/44 0.334 

Hypertension 22 (51.16%) 4 (33.3%) 23 (45.09%) 0.535 

BMI 
141.16 ± 16.21 

142.50 ± 

16.03 
147.06 ± 17.92 0.80 

SBP 85.11 ± 9.09 86.33 ± 12.56 88.24 ± 11.08 0.70 
DBP 24.29 ± 2.47 24.76 ± 2.43 25.97 ± 3.51 0.57 

Blood urea 36.42 ± 27.21 38.25 ± 21.26 41.25 ± 28.28 0.12 

Serum creatinine 0.92 ± 0.42 1.14 ± 0.23 1.16 ± 0.42 0.14 
BSL F 

168.25 ± 48.20 
171.66 ± 

43.25 
184.19 ± 66.31 0.021* 

BSL PP 
240.35 ± 87.12 

270.75 ± 
59.44 

285.25 ± 82.56 0.034* 

Hba1c 7.73 ± 1.89 8.17 ± 2.48 8.95 ± 2.92 0.002* 

Total cholesterol 
144.76 ± 40.74 

149.21 ± 
38.52 

155.35 ± 46.52 0.08 

F TG 
106.32 ± 25.38 

128.42 ± 

10.57 
222.82 ±116.25 

< 

0.001* 
PP TG 

138.61 ± 35.48 
221.33 ± 

44.05 
271.33 ± 44.05 

< 

0.001* 

LDL 39.52 ± 11.25 37.25 ± 12.36 43.51 ± 11.36 0.24 

HDL 85.16 ± 12.25 89.25 ± 14.53 92.54 ± 13.13 0.07 
VLDL 30.51 ± 24.52 32.52 ± 12.53 36.25 ± 18.25 0.12 

 

Carotid Intima Media Thickness (CIMT):  
Carotid Intima Media Thickness (CIMT) was studied in all the participants. 0.63(± 

0.09) mm was the mean CIMT in Group A. The mean CIMT was higher in Group B 
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[1.27 (± 0.39) mm] and Group C [1.33 (± 0.36) mm]. This difference was 

statistically significant (p < 0.001). In the present study, a statistically significant 

difference in the mean CIMT was observed in Group A vs. Group B (p < 0.001), as 

well as Group A vs. Group C (p < 0.001). However, there was no statistically 
significant difference in the mean CIMT of Group B vs. Group C (p = 0.64). Thus, 

the postprandial hypertriglyceridemia could be correlated with a higher CIMT. 

 

Table 4 
Assessment of CIMT in the study groups 

 

 
Mean CIMT (mm) ±1SD 

Group A (NN) (n=43) 0.63 0.09 

Group B (NH) (n=12) 1.27 0.39 

Group C (HH) (n=51) 1.33 0.36 

p value: Group A vs. Group B, < 0.001, Significant Difference 

p value: Group A vs. Group C, < 0.001, Significant Difference 
p value: Group B vs. Group C = 0.64, No significant difference 

 

 
Figure 4. Assessment of CIMT in the study groups 

 

We studied the frequency distribution of CIMT in the study groups A, B and C. All 
individuals in Group A had CIMT between 0.5 to 0.9 mm. Group B and Group C 

were found to have significantly higher number of participants with CIMT > 

0.9mm. This difference between the three groups was statistically significant (X2 = 
81.23, df = 4, p < 0.001). Thus, individuals with hypertriglyceridemia had a higher 

CIMT. 

 

Table 5 
Distribution of CIMT in the study groups 

 

CIMT (mm) 
Group A (NN)  

(n=43) 

Group B (NH) 

(n=12) 

Group C (HH) 

(n=51) 
Total 

0.5 to 0.90 43 (100%) 2 (16.66%) 5 (9.8 %) 50 

0.63

1.27
1.33

0.09

0.39 0.36

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Group A Group B Group C

Mean CIMT ± 1SD
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0.91 to 1.50 0 7 (58.33%) 33 (64.7%) 40 

1.51 to 2.0 0 3 (25%) 13 (25.5%) 16 

 

Correlation of Carotid Intima Media Thickness (CIMT) with Triglycerides 

 

Figure 3 and 4 depict two scatter plots showing the relationship between the 
fasting and postprandial triglyceride levels respectively, with CIMT. The model R2 

(the coefficient of determination) for fasting triglycerides was 0.221. It was found 

that approximately 22% of the variation in CIMT was by the virtue of fasting 
triglyceride level (p < 0.001). The model R2 (the coefficient of determination) for 

postprandial triglycerides was 0.398, thus showing that about 40% of the 

variation in CIMT could be accounted for by the postprandial triglyceride levels (p 

< 0.001). Fasting and postprandial triglyceride levels were both shown to have a 
moderately positive correlation with CIMT, with PP TG correlating more positively 

as compared to F TG. (r = 0 63 versus r = 0.57) 

 
Table 6 

 Correlation of CIMT and FTG 

 

 
Mean ±SD 

Pearson’s 

Correlation r 
p value 

CIMT (mm) 1.05 0.43 
0.57 < 0.001 

F TG 164.88 99.46 
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Figure 5. Correlation between FTG & CIMT 

 
 

Table 7 

Correlation of CIMT and PPTG 
 

 
Mean ±SD 

Pearson’s 
Correlation r 

p value 

CIMT (mm) 1.05 0.43 
0.63 < 0.001 

PPTG 212.81 97.14 
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Figure 6. Correlation between PPTG & CIMT 

 
Correlation of Carotid Intima Media Thickness (CIMT) with other parameters 

 

On comparison of CIMT with other parameters as shown in the table below, a 
weak positive correlation of CIMT with BMI (r = 0.322, p < 0.05), CIMT with 

HbA1c (r = 0.344, p < 0.05) and CIMT with VLDL (r = 0.261, p < 0.05) was seen.  

 

Table 8 
Correlation of CIMT with other demographic and biochemical parameters 

 

 

Pearson’s Correlation p value 

CIMT vs Age 0.071 0.469 

CIMT vs Duration of 

diabetes  
0.049 0.618 

CIMT vs BMI 0.322 0.016* 
CIMT vs F BSL 0.121 0.218 

CIMT vs PP BSL 0.137 0.16 

CIMT vs HbA1c 0.344 0.014* 
CIMT vs Blood Urea 0.058 0.612 
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CIMT vs S Creatinine 0.021 0.83 

CIMT vs Total Cholesterol 0.178 0.067 
CIMT vs HDL 0.081 0.41 

CIMT vs LDL 0.038 0.698 

CIMT vs VLDL 0.261 0.001* 
CIMT vs FTG 0.57 <0.001* 

CIMT vs PPTG 0.63 <0.001* 

  *Significant p < 0.05 

 

Discussion 
 

106 T2DM patients who were enrolled in the study were divided into three 

groups- Group A (NN) i.e.  subjects with normal fasting and normal postprandial 

triglyceride levels; Group B (NH) i.e.  subjects with normal fasting and elevated 
postprandial triglyceride levels and Group C (HH) i.e. subjects with elevated 

fasting and elevated postprandial triglyceride levels. We found that the CIMT 

positively correlated with postprandial hypertriglyceridemia, and increase in CIMT 
was associated with increase in postprandial triglycerides independent of fasting 

triglycerides. 

 
Sizable literature demonstrates the relationship between fasting triglyceride levels 

with atherosclerotic cardiovascular disease, especially in diabetic individuals. 

Agarwal et al found a higher intimal medial thickness in T2DM patients who had 
CAD, even when the CAD was not clinically overt. They found fasting triglyceride 

levels to be a predictor of high mean CIMT in diabetic patients with CAD, 

especially in patients with silent ischemia. [11] Kota SK et al also found elevated 

CIMT to correlate with ischemic stroke in diabetic patients. They found the cut-off 
point of CIMT to be 0.8mm in this population of Indian T2DM patients. A positive 

correlation between CIMT and fasting triglyceride levels was also established. [12]  

On the other hand, only few studies have evaluated the role of postprandial 
triglyceride levels in this regard, especially in diabetic patients. 

 

The mean CIMT in our study population was 1.05 (± 0.43 mm). Thus, the mean 
CIMT being > 0.9 mm (ESC/ESH guidelines), represented an important marker 

for asymptomatic atherosclerosis in this cohort of diabetic patients without overt 

ASCVD. [13,14] The mean CIMT in Group A, Group B and Group C was 0.63 (± 0.09 
mm), 1.27 (± 0.39) mm and 1.33 (± 0.36) mm respectively. This difference was 

statistically significant (p < 0.001). There was also a significant difference in the 

mean CIMT in the Group A as compared to Group B (p < 0.001). A significant 

difference was present in the mean CIMT of Group A vs. Group C (p <0.001). 
However, no significant difference was seen when the mean CIMT of Group B was 

compared with that of Group C. We also studied the frequency distribution of 

CIMT in the three study groups and found a statistically significant difference (p < 
0.001). Group B and Group C were found to have a significantly higher number of 

individuals with an elevated CIMT (>0.9mm). All subjects in Group A had CIMT 

between 0.5 to 0.9mm while only 4% of Group B subjects and 16% of Group C 
subjects had CIMT in this range. Both fasting and postprandial triglyceride levels 

were seen to have a moderately positive correlation with CIMT, with PP TG having 

a higher positive correlation (r = 0.63) as compared to F TG (r = 0.57). At the same 

time, in spite of normal fasting triglyceride levels, individuals with postprandial 

https://paperpile.com/c/HX9djg/WWDT
https://paperpile.com/c/HX9djg/WWDT
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hypertriglyceridemia had a higher CIMT.  From this data we drew the association 

of postprandial hypertriglyceridemia with a higher CIMT in this study population.  
On comparison of CIMT with other study parameters, a statistically significant 

but weak positive correlation of CIMT with BMI (r = 0.322, p < 0.05), HbA1c (r = 

0.344, p < 0.05) and VLDL (r = 0.261, p < 0.05) was also found.   

 
These findings were compared with other studies present in the literature. They 

were similar to those of Shinichi Teno et al, who found the CIMT in the NN group 

to be 0.73 (± 0.13) mm, 0.86 (± 0.13) mm in the NH group (p < 0.05 vs. NN) and 
0.85 (± 0.12) mm in the HH group (p < 0.01 vs. NN). No significant difference was 

noted in the CIMT of the NH and HH groups. There existed only a weak 

correlation between F TG and CIMT (p = 0.04, r = 0.27). In univariate analysis, 

they also found fasting total cholesterol, fasting LDL cholesterol and F TG levels 
as well as postprandial blood glucose, postprandial total cholesterol and PP 

TG levels to correlate with CIMT. However, no such association with HDL was 

seen. As demonstrated by multivariate analysis, postprandial plasma glucose, PP 
TG, and fasting LDL cholesterol levels had an independent correlation with CIMT. 

PP TG was found to have the most influence on CIMT (p = 0.002, standardized 

partial regression coefficient 0.414) amongst all these variables. [15] 
 

Akin to the results in present study, Ahmad J et al reported the CIMT to be 

significantly higher in the NH [0.79 (± 0.09) mm] and HH groups [0.82 (± 0.06) 
mm] as compared to the NN group [0.59 (± 0.09) mm] (p < 0.001) in a study done 

among north Indians with T2DM.  PPTG, fasting LDL, HbA1c, age as well as 

HOMA (homeostatic model assessment) estimated insulin resistance were found 

to correlate independently with CIMT. Amongst these, age and PPTG levels 
influenced CIMT the most (p < 0.002). [16] 

 

In the study done by Chen X et al, CIMT in individuals with elevated postprandial 
triglyceride levels was significantly greater than individuals with normal 

postprandial triglyceride levels (0.90 mm vs 0.81 mm, p < 0.05). These findings 

remained significant even after adjustment for fasting triglycerides and HDL 

levels. [17] 
 

Mohan V et al, reported the mean CIMT of diabetic individuals [0.95 (± 0.31) mm] 

to be significantly higher than that of non-diabetic individuals [0.74 (± 0.14) mm] 
(p < 0.001). In both diabetic and non-diabetic groups, CIMT was found to increase 

with age. In the diabetic population, CIMT showed positive correlation with age 

and duration of diabetes, however no significant correlation was seen with other 
parameters like total cholesterol, LDL, HDL, TG, HbA1c, BMI, waist: hip ratio, 

fasting insulin, insulin resistance (HOMA) or blood pressure. [18]   

 

In contrast to above studies, Dharmalingam M et al found no significant 
correlation between PP TG values and CIMT, however a positive significant 

correlation was found between F TG and CIMT (Pearson r = 0.9043, p < 0.001, R2 

= 0.8177). [19] These findings could be explained by inclusion of only diabetic 
individuals with good glycaemic control (HbA1c <7%). Even in healthy individuals, 

literature states the presence of positive correlation between postprandial 

hypertriglyceridemia and CIMT, and thereby a presence of a metabolic state that 
points towards early atherosclerosis. 
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A Swedish study conducted by Boquist S et al in healthy middle-aged men found 

that in the fasting state, LDL cholesterol (p < 0.05) and basal proinsulin (p < 0.05) 

had a significant association with CIMT, however HDL and insulin did not. They 

also found that in the postprandial state, plasma TG at 1 to 4 hours (p < 0.01 at 2 
hours), total triglyceride area under the curve (AUC) (p < 0.05), incremental 

triglyceride AUC (p < 0.01), and the large VLDL (Sf 60 to 400 apo B-100) 

concentration at 3 hours (p < 0.05) had a significant correlation with CIMT. The 

plasma TG 2 hours postprandial, LDL and basal proinsulin was also found to be 
independently related to CIMT on multivariate analysis when alcohol, tobacco 

consumption, waist hip circumference ratio and SBP were included as 

confounding factors.[10] Karpe et al also found postprandial plasma triglycerides to 
correlate positively with the common carotid IMT (r = 0.44, p < 0.05) in healthy 

middle-aged men. [20] 

 
Table 9 

Comparison of various studies 

 

Author 
Study 

type 

Sample size 

(n) 
Interpretation 

Shinichi Teno 

et al[15] 
 

Cross 

sectional 
study 

n= 61 In T2 DM patients, independent of 

FTG, postprandial 
hypertriglyceridemia might be an 

independent risk factor for early 

atherosclerosis and thereby ASCVD. 
Ahmad J et 

al[16] 

Cross-

sectional 

study 

n = 86 

newly 

diagnosed 
T2DM 

subjects 

In newly diagnosed T2 DM patients  

(1 to 12 months duration) form North 

India, postprandial 
hypertriglyceridemia was associated 

with a higher CIMT, an early 

indicator of atherosclerosis. 

Chen X et al[17] Cross 
sectional 

study 

n = 78 Elevated postprandial triglycerides 
may be an independent risk factor of 

early atherosclerosis in T2DM. 

Mohan V et 
al[18]] 

Cross 
sectional 

study 

n = 243 
(140 

diabetics, 

103 non 
diabetic 

controls) 

Diabetic subjects had higher CIMT 
values than non-diabetic subjects. 

Diabetes and age were the most 

important risk factors associated 
with elevated CIMT in this South 

Indian cohort. 

Dharmalingam 
M et al [19] 

Cross 
sectional 

study 

n =194 
(145 

diabetics, 

49 age and 

sex matched 
controls) 

Fasting hypertriglyceridemia was 
associated with elevated CIMT. No 

such correlation with postprandial 

triglyceride levels was found. 

 

We also found a statistically significant difference in the BSL F, BSL PP, HbA1c 

and duration of diabetes in Group A, B and C. Thus increasing fasting and 
postprandial blood sugar levels and higher HbA1c were also associated with 

increasing triglyceride levels. Similarly, diabetic patients with 
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hypertriglyceridemia seemed to have a longer duration of diabetes mellitus. 

Hypertriglyceridemia was thus associated with longer duration of DM and poor 
glycaemic control. These findings were similar to those found in the study done by 

Mullugeta Y et al between HbA1c and dyslipidemia, particularly serum TG (r = 

0.28, p < 0.05). They found that the group with poor glycemic control (HbA1c > 

8.0 gm %) had a higher mean triglyceride level [mean TG = 190.46 (± 15.20) 
mg/dl] as compared to the group with good glycemic control (HbA1c ≤ 8%) [mean 

TG =132.05 (± 14.19) mg/dl).[21] 

 
In contrast, Shinichi Teno et al did not report a statistically significant difference 

in BSL F, BSL PP and HbA1c in the NN, NH and HH groups. However this study 

found statistically higher total cholesterol in the HH group compared to the NN 
group. No such difference in LDL or HDL was found among the three study 

groups.[15]  

 
Thus routine measurement of postprandial triglyceride levels may add value to 

risk stratification and facilitate better use of various treatment strategies for 

management of dyslipidemia and glycemic status in patients with T2DM. Blood 

sample collection is also made easier since the overnight fast for a fasting sample 
is not required.   

 

The major limitation of the present study was the absence of a well matched 
control group and the limited sample size. The study samples only included 

diabetic individuals without overt ASCVD. Further research is required to assess 

whether the patients with postprandial hypertriglyceridemia and elevated CIMT 
had a higher incidence of ASCVD in the future. It would also prove beneficial to 

assess whether such patients with postprandial hypertriglyceridemia and higher 

CIMT, when started on intensive lipid lowering therapies and treatment aimed at 
strict glycemic control, had lower incidence of stroke, myocardial infarction, 

peripheral vascular disease, etc. 

 

Conclusion 
 

In conclusion, isolated elevation in postprandial triglyceride levels may present as 

a better and early indicator of dyslipidemia related to atherosclerosis. It may also 
benefit ease of testing by refuting the need of an 8 hour fast prior to blood sample 

collection. Therefore, it is important to measure postprandial triglyceride levels in 

diabetic individuals, as persistent postprandial hypertriglyceridemia may give rise 
to a pro-atherogenic environment, eventually resulting in early atherosclerosis 

and cardiovascular events.  
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