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ABSTRACT

Background

Type 2 diabetes mellitus is a rapidly increasing metabolic disorder, particularly in India, and
is strongly associated with dyslipidemia, a major risk factor for cardiovascular disease. While
fasting lipid abnormalities are well recognized, postprandial lipid changes have gained
importance due to their role in atherogenesis. The purpose of this study was to compare and
analyse the fasting and postprandial lipid profiles of T2DM patients and non-diabetic
controls, as well as to determine how these profiles related to glycaemic management.
Methods

This hospital-based case-control study included 150 individuals with a diagnosis of type 2
diabetes and 150 controls who were matched for age and sex. Data were collected through
clinical evaluation and laboratory investigations. Total cholesterol (TC), triglycerides (TG),
HDL, LDL, and the TC/HDL ratio were among the lipid profile parameters examined in
blood samples obtained during a 12-hour fast and two hours after meals. Glycaemic control
was evaluated by measuring HbAlc. With significance set at p<0.05, statistical analysis was
carried out using SPSS software.

Results

The prevalence of dyslipidemia was significantly higher in diabetic patients (89.3%)
compared to controls (38.7%). Diabetics showed significantly elevated fasting TG, TC, and
LDL levels along with reduced HDL levels (p<0.05). Postprandial lipid abnormalities were
more pronounced, with significant increases in TG (42%) and TC (15.3%) compared to
fasting values. Mean postprandial TC and TG levels were significantly higher than fasting
levels (p<0.05), while HDL showed a decreasing trend. No significant differences were
observed between fasting and postprandial lipid levels in controls. Additionally, HbAlc
showed a strong positive correlation with TC, TG, LDL, and a negative correlation with HDL
(p<0.01), indicating that poor glycemic control is associated with worsening dyslipidemia.
Conclusion

T2DM patients exhibit significant fasting and postprandial dyslipidemia, with postprandial
abnormalities being more pronounced. Assessment of the postprandial lipid profile is
essential for comprehensive cardiovascular risk evaluation. Effective glycemic control plays
a crucial role in managing lipid abnormalities and reducing cardiovascular complications in
diabetic patients.
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INTRODUCTION

Diabetes mellitus is the most prevalent metabolic disorder worldwide and has emerged as a
major public health challenge, particularly in India, where it has progressed from an epidemic
to a pandemic. The International Diabetes Federation has described diabetes as a “tsunami,”
and India is often referred to as the “Diabetes Capital” among developing nations.[!! Globally,
approximately 422 million people are affected, with projections indicating a 25% increase by
2030 and 51% by 2045.11 In India, the number of diabetic individuals has risen dramatically
and is expected to reach 80 million by 2030.8! The burden is greatest in the economically
productive age group, with prevalence rates of about 11% in urban and 3% in rural
populations. T2DM (Type 2 Diabetes Mellitus) accounts for nearly 95% of all cases.!

Dyslipidemia is a common and significant metabolic abnormality in T2DM and plays
a crucial role in the development of cardiovascular diseases. It is characterized by a cluster of
quantitative and qualitative lipid abnormalities, including elevated total cholesterol,
triglycerides, VLDL, LDL, and apolipoprotein B, along with reduced HDL levels.[l These
changes are primarily driven by insulin resistance and obesity, which enhance lipolysis and
increase free fatty acid flux, leading to overproduction of VLDL and triglycerides in the liver.
Such lipid abnormalities may be present even at the time of diagnosis and are an integral
component of metabolic syndrome, significantly contributing to macrovascular
complications.[

Both fasting and postprandial dyslipidemia are associated with increased
cardiovascular risk. Elevated triglyceride levels in the fasting state have been linked to
cardiovascular disease in large prospective studies,® while postprandial dyslipidemia is
associated with higher cardiovascular mortality in T2DM patients.[® Since individuals remain
in a postprandial state for most of the day, atherosclerosis is increasingly considered a
postprandial phenomenon.[l Postprandial lipid and glucose elevations contribute to oxidative
stress and vascular damage, emphasizing the concept of postprandial dysmetabolism. !

AIM AND OBJECTIVES

The present study was undertaken to evaluate postprandial lipid abnormalities in patients with
type 2 diabetes mellitus and to compare the relationship between fasting and postprandial
lipid profiles in diabetic and non-diabetic individuals, in order to better understand the pattern
of dyslipidemia and its clinical significance.

MATERIALS AND METHODS

Study Design

This was a hospital-based case-control study conducted in the Department of Medicine at
Durgapur Steel Plant Hospital, Durgapur, over a period from October 2020 to April 2022.
Along with age- and sex-matched non-diabetic controls for comparison, the study group
comprised newly diagnosed patients with type 2 diabetes mellitus who were either
hospitalised in the wards or attended the OPD (Out-Patient Department).

Inclusion and Exclusion Criteria

Patients over 30 years of age, regardless of gender, who were diagnosed with type 2 diabetes
mellitus based on the updated American Diabetes Association criteria (fasting plasma glucose
>126 mg/dl and 2-hour postprandial plasma glucose >200 mg/dl) were included in the study.
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Individuals without diabetes, matched for age and sex, served as controls. Patients were
excluded if they had type 1 diabetes mellitus, were below 30 years of age, were on
hypolipidemic drugs or insulin therapy, had gestational diabetes, had associated thyroid
disorders, or were unwilling to participate in the study.

Sample Size Calculation

The sample size was calculated using following formulae:

n=[(Za/2 + ZB)*/ C] + 3

Where;

n- Sample size

Zo/2 — Z value at 5% error (1.96) Zp — Z value at 20% (0.84)

C-%log [(1+r) (1-n]

As per previous study the value of r (Total Cholesterol) corresponds to be 0.29.

After putting values in the formula: N =124 + 24.8 (20% attrition error) N = 150 (approx.)

191

Data Collection Procedure

The study was conducted after obtaining ethical clearance and necessary approvals. All
participants gave their informed consent after being informed of the study's objectives. A
pretested and predesigned questionnaire that covered pertinent clinical history and
demographic information, such as age, duration of diabetes, hypertension, smoking, alcohol
consumption, drug history, and treatment details, was used to gather data. A thorough clinical
examination was performed, and relevant information was also obtained from hospital
records. Venous blood samples were collected after 12 hours of fasting and again 2 hours
postprandially. The samples were analyzed for lipid profile parameters including total
cholesterol (TC), triglycerides (TG), HDL-C, and TC/HDL ratio using standard laboratory
methods, while LDL-C and non-HDL cholesterol were calculated using the Friedewald
formula. HbAlc was estimated using ion-exchange chromatography. Lipid abnormalities
were defined based on NCEP ATP Il guidelines. The parameters studied included
demographic characteristics, blood sugar indices (FBS, PP2BS, HbAlc), and fasting as well
as postprandial lipid profiles (HDL, LDL, VLDL, triglycerides, and total cholesterol).

Statistical Analysis

While nominal and categorical data were displayed as percentages, quantitative data were
expressed as mean + standard deviation (SD). Quantitative variables were analysed using the
Student's t-test; non-parametric data were analysed using the Mann—Whitney U test. The chi-
square test was used to analyse categorical variables. The association between quantitative
variables was evaluated using Pearson's correlation coefficient. Statistical significance was
defined as a p-value of less than 0.05. SPSS software version 21 was used for all statistical
analyses.

RESULTS
Variable Cases Controls p-value
Mean Age (in years) 53.93+8.79 54.45 + 9.36 0.68
Male (%) 56% 54%
Female (%) 44% 46% 0.817
Table 1: Demographic Characteristics (Age & Gender)

Table 1 demonstrates that there was no statistically significant variation between the
two groups' age and gender distributions, guaranteeing appropriate matching between cases
and controls.
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Co-morbidity Cases (%0) Controls (%)
Hypertension 24.7% 23.3%
COPD 8.0% 5.3%
CAD 4.0% 0%
Hypothyroidism 2.7% 0%
Nil 59.3% 70.0%
p-value
Table 2: Distribution of Co-Morbidities

Table 2 illustrates that hypertension was the most common co-morbidity among

diabetic patients, followed by COPD and CAD, with no statistically significant difference
between the groups.

Variable

Cases

Controls

p-value

HbAlc (%)

8.56 +2.71

5.64+1.20

<0.01

Table 3: Glycemic Status (HbALc)

Table 3 demonstrates significantly higher HbAlc levels among diabetic cases
compared to controls, indicating poor glycemic control in the diabetic group.

Parameter Cases (%) Controls (%) p-value
Raised TG 28.7% 9.3% <0.01
Raised TC 8.7% 6.7% 0.07
Low HDL 36.7% 16.0% <0.01
Raised LDL 44.7% 22.7% <0.01
Table 4: Comparison of Fasting Lipid Profile

Table 4 shows a significantly higher prevalence of fasting dyslipidemia among
diabetics, particularly elevated triglycerides, LDL, and reduced HDL levels.

Parameter Cases (%) Controls (%) p-value
Raised TG 42.0% 11.3% <0.01
Raised TC 15.3% 8.7% <0.01
Low HDL 40.7% 22.7% <0.01
Raised LDL 46.0% 26.0% <0.01
Table 5: Comparison of Post-Prandial Lipid Profile

Table 5 illustrates that postprandial lipid abnormalities are more pronounced in
diabetics compared to controls, especially triglycerides and LDL levels.

Parameter Fasting (%0) Post-Prandial (%0) p-value
Raised TG 28.7% 42.0% <0.01
Raised TC 8.7% 15.3% 0.03
Low HDL 36.7% 40.7% 0.24
Raised LDL 44.7% 46.0% 0.82
Table 6: Comparison of Fasting vs. Post-Prandial Lipids in Diabetics
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Table 6 shows that postprandial triglycerides and total cholesterol increased
significantly compared to fasting values in diabetics, emphasizing the importance of
postprandial lipid evaluation.

Dyslipidemia Cases (%0) Controls (%) p-value
Present 89.3% 38.7% <0.01
Absent 10.7% 61.3%

Table 7: Prevalence of Dyslipidemia

Table 7 shows that the prevalence of dyslipidemia was significantly higher among
diabetic patients compared to controls, highlighting the strong association between type 2
diabetes mellitus and lipid abnormalities.

DISCUSSION

This hospital-based case-control study examined post-prandial lipid abnormalities in 150
patients with T2DM and an equal number of age- and sex-matched controls, with the aim of
comparing fasting and post-prandial lipid profiles between the two groups.

Demography

The mean age of diabetic cases was 53.93 years, with a male-to-female ratio of 56:44, neither
of which differed significantly from controls (p = 0.68 and p = 0.817, respectively). These
demographics are broadly consistent with those reported by Samdani TS et al.’! (mean age
55.42 years; male: female 1.8:1), Khan et al.'% (mean age 59.76 years; 58% males), Reddy A
et al.lY (mean age 53.17 years; 52% males), and Hussain A et al.[*?l (mean age 51.2 years),
confirming the representativeness of the study population.

Co-Morbidities

Co-morbidities were present in 40.7% of diabetic cases, with hypertension being the most
frequent (24.7%), followed by COPD (8%) and CAD (4%), with no significant inter-group
difference (p = 0.062). This pattern aligns with the Chennai Urban Population Study™! which
recorded a 46.1% prevalence of hypertension in diabetics, and is consistent with findings by
Malini DS et al.l'l and Amit G et al.l'® who similarly identified hypertension as the
predominant diabetes-associated co-morbidity.

Lipid Profile and Dyslipidemia

Fasting dyslipidemia was observed in 89.3% of diabetics compared to 38.7% of controls (p <
0.01). Raised fasting TG and LDL were seen in 28.7% and 44.7% of diabetics versus 9.3%
and 22.7% in controls and low HDL in 36.7% versus 16% (all p < 0.01). Mean fasting TC,
TG, and LDL were significantly elevated and HDL significantly reduced in diabetics (p <
0.05). These disturbances reflect the well-characterised triad of diabetic dyslipidemia -
elevated TG, reduced HDL, and post-prandial lipemia - driven by impaired insulin action,
hepatic overproduction of VLDL, and impaired lipoprotein clearance.[¢!

The high prevalence of dyslipidemia in the present cohort is supported by multiple
studies: Kayode et al.['"l (50.4%), Vinod Mahato R et al.[*®l (~82%), and Ahmad M et al.[**]
(96.7% with at least one abnormal parameter). Elevated TC, TG, and LDL with reduced HDL
in diabetics compared to non-diabetics have also been consistently reported by Singh G et
al.?l Kandula R et al.l? Tagoe et al.l? and the Framingham Heart Study.!®!
Hypertriglyceridemia, identified as the most characteristic lipid abnormality and a significant
vascular risk factor in T2DM, was further underscored by Jameel T et al.[?4]
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Glycemic Control and Lipid Profile

Mean HbAlc was significantly higher in diabetic cases (8.56% vs. 5.64%; p < 0.01), and
poor glycemic control correlated significantly with elevated TC, TG, LDL, and reduced HDL
(p < 0.01). This bidirectional relationship between glycemic status and lipid dysregulation is
well-established: patients with HbAlc > 7.0% consistently demonstrate worse lipid profiles,
as reported by Vinod Mahato R et al.[*®l Bhaktha G et al.[®*! Thambiah SC et al.?! Sirivole
MR et al.[?l Samdani TS et al.l®! and Arshad Hussain et al.*? Ahmad M et al.[**1 confirmed a
positive correlation of HbAlc with all lipid fractions except HDL-C. Khan HA et al.[%]
further proposed HbA1c as a dual biomarker - of both glycemic control and dyslipidemia risk
- findings that collectively reinforce the importance of tight glycemic management in
mitigating cardiovascular risk in T2DM.

Fasting vs. Post-Prandial Lipid Profile

Post-prandial lipid abnormalities were significantly more prevalent in diabetics: raised post-
prandial TG, TC, and LDL in 42%, 15.3%, and 46% of diabetics vs. 11.3%, 8.7%, and 26%
of controls, respectively, and low post-prandial HDL in 40.7% vs. 22.7% (all p < 0.01).
Within the diabetic group, the number of patients with raised TG increased from 43 (28.7%)
at fasting to 63 (42%) post-prandially, and raised TC from 13 (8.7%) to 23 (15.3%), with
mean TC rising from 168.4 to 179.5 mg% and mean TG from 152.4 to 168.24 mg% (p <
0.05). No corresponding change was observed in controls (p > 0.05), highlighting the
pathological exaggeration of post-prandial lipemia unique to T2DM.

These findings are consistent with Chahal Jasmeen et al.[?® S. Pravin et al.[?! Shukla
et al.B% and Nakamura et al.[®Y all of whom demonstrated significantly higher post-prandial
TG and cholesterol in T2DM compared to fasting values and to controls. Critically, 15.3% of
diabetic cases in the present study showed raised post-prandial TG, and 8.6% raised TC,
despite normal fasting lipid profiles - a finding corroborated by Rivellese et al.*? who
demonstrated abnormal post-prandial lipid responses in T2DM patients with optimal fasting
TG. This underscores the inadequacy of fasting lipid assessment alone and advocates for
routine post-prandial lipid testing as part of cardiovascular risk stratification in T2DM.

CONCLUSION

In comparison to non-diabetic controls, the current investigation showed that individuals with
type 2 diabetes mellitus had a higher prevalence of dyslipidaemia. A significant correlation
was observed between glycemic control, as indicated by HbAlc levels, and lipid profile
parameters, suggesting that poor glycemic control is associated with worsening dyslipidemia.
Furthermore, postprandial triglyceride and total cholesterol levels were significantly higher
than fasting values in diabetic patients, indicating the presence of marked postprandial lipid
abnormalities.

These findings highlight that type 2 diabetes mellitus is associated not only with
fasting dyslipidemia but also with significant postprandial hypertriglyceridemia and
hypercholesterolemia. Therefore, assessment of lipid profiles in the postprandial state is
equally as important as fasting measurements for comprehensive cardiovascular risk
evaluation. Overall, the study highlights how important ideal glycaemic management is for
controlling dyslipidaemia and lowering the risk of cardiovascular problems in people with
type 2 diabetes.
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