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ABSTRACT

Background: Diabetes mellitus (DM) is a condition that affects many people and has
reportedly spread worldwide. Numerous problems, including as cardiovascular disease
(CVD), nephropathy, neuropathy, and retinopathy, develop over time as a result of long
term diabetes. Poor glycemic management and endothelial dysfunction are the causes of
these complications. Any metabolite that has an atherosclerotic character may aid in the
emergence of such long-term problems. It has been established that dyslipidemia and
hyperhomocysteinemia are separate indicators of atherosclerosis. However, there is
much disagreement over how they interact and affect insulin metabolism. Analyzing the
relationship between these risk factors may be useful in reducing complications and
lengthening the lifespan of diabetes patients. Aim: The purpose of the current study was
to investigate the relationship between homocysteine and the lipid profile and glycated
haemoglobin components in type Il diabetes patients. Diabetes patients’ serum
homocysteine and lipid profile levels were also contrasted with those of non-diabetic,
healthy participants.

Results: Lipid profile and serum homocysteine were shown to be strongly correlated.
Low density lipoprotein (LDL) and S. cholesterol levels were shown to be greater in
diabetic individuals with hyperhomocysteinemia. In individuals with HbAlc levels > 8.0
percent, S. homocysteine was also discovered to be high, which is a sign of poor
glycemic management. S. homocysteine, cholesterol, triglycerides, LDL, and very low-
density lipoprotein (VLDL) were all considerably higher in diabetes patients as
compared to healthy people.

Conclusion: Patients with type 11 diabetes are highly advised to undergo routine testing
for hyperhomocysteinemia and the serum lipid profile. Proper patient treatment can
help to prevent the emergence of numerous problems and improve quality of life by
reducing cholesterol levels, hyperhomocysteinemia, and maintaining a strong glycemic
control.
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INTRODUCTION

A category of metabolic illnesses known as diabetes mellitus are characterised by persistently
increased blood sugar levels. Its prevalence was predicted to be 8% globally in 2011 and is
projected to increase to 10% by the year 2030.%

The "Diabetic Capital of the World" is regarded as being in India. By 2030, it is predicted
that 366 million people worldwide would have diabetes, according to Wild et al.?!
Additionally, up to 79.4 million of the aforementioned diabetes people are predicted to be
from India. Diabetes mellitus is primarily characterised by chronic hyperglycemia and is
brought on by abnormalities in insulin secretion, action, or both.™!

Type Il diabetes, also known as noninsulin-dependent DM, is brought on by an insufficient
supply of insulin and a decrease in the potency of the insulin that is generated. This illness
develops more gradually and is more prevalent in those over 40. Type Il diabetes affects
around 90% of diabetics. Diabetes and insulin resistance are thought to have a substantial
correlation with the emergence of numerous cardiovascular morbidities and problems. The
risk of coronary artery disease, post-myocardial infarction morbidity, and acute myocardial
infarction mortality are all thought to be two to three times greater in diabetic patients than in
non-diat[)gg]ic individuals. Type Il diabetes and premature atherosclerosis frequently go hand
in hand.*

Numerous studies have shown a favourable correlation between poorly controlled diabetes,
hyperinsulinemia, polycystic ovaries, obesity, hypertension, smoking, sedentary lifestyle, and
specific ethnic groups and glucose intolerance. These characteristics, however, are
insufficient to support the substantial link between diabetes and early atherosclerosis.
Homocysteine, an intermediate amino acid that contains sulphur, is now known to be a
substantial contributor to atherosclerosis and arteriosclerosis. It is created as a byproduct of
the process that turns methionine into cysteine. Through a number of mechanisms, including
vascular endothelium damage, stimulation of smooth muscle cell proliferation, increased low
density lipoprotein cholesterol (LDL-C) peroxidation, and thrombosis activation,
hyperhomocysteinemia (HHcy) has been recognised as a new modifiable risk factor for
cardiovascular disease (CVD).!")

Few studies have demonstrated that having type Il diabetes with poor glycemic control
increases the risk of atherosclerosis and cardiovascular disease (CVD). As an independent
and significant predictor of comFIications in DM, particularly atherothrombotic events,
homocysteine has been suggested.’®® HHcy may also make people with dyslipidemia more
susceptible to CVD. Recent studies have clearly shown the significance of the metabolic
balance between S-adenosylmethionine (SAM), S-adenosylhomocysteine (SAH),
phosphatidylcholine (PC), phosphatidylethanolamine (PE), and choline in Hcy metabolism,
hypolipoproteinemia, liver function, and CVD, even though the mechanism of the link is not
fully understood. Numerous investigations linking HHcy to abnormal HDL-C metabolism
shown that Hcy can lower blood levels of HDL by preventing the formation of ApoA-I
protein and increasing HDL-C clearance.!**!

It is more common for diabetic individuals with macroangiopathy and nephropathy to have
high homocysteine levels. The connection between macroangiopathy, renal disease, and
hyperhomocysteinemia in type Il diabetes has not yet been determined. Serum homocysteine
levels and type Il diabetes is currently the subject of intense discussion. Plasma homocysteine
levels and insulin levels or insulin resistance have been found to positively correlate in
several investigations. Furthermore, it has been shown that insulin prevents the trans-
sulfuration pathway's conversion of homocysteine to cysteine. According to several studies,
increasing lipid peroxidation is linked to elevated homocysteine levels in blood.™***! | jpid-
lowering medications may be useful for treating endothelial dysfunction in people with
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hyperhomocysteinemia, according to some research. In order to determine the likelihood of
developing CVD and atherosclerosis in type Il diabetic individuals, it may be useful to
examine the relationship between blood homocysteine levels and other lipid profile
components. Therefore, the goal of the current study is to examine how blood lipids and
homocysteine are related in type 11 diabetes patients.*>*®

MATERIALS & METHODS

The current study included 100 newly diagnosed type Il DM patients, aged up to 65, who
were seen by the outpatient department of medicine. As a control group, 50 healthy
participants of either sex or similar age were enlisted in the research. Patients older than 65,
those with serious liver or kidney illness, and those on lipid-lowering medications were not
allowed to participate in the trial. All participants in the case and control groups provided
written permission. The individuals' full medical histories were obtained, and a
comprehensive physical examination was carried out. After an overnight fast, blood samples
were drawn via venipuncture under aseptic conditions. Fasting blood sugar levels, serum
homocysteine levels, and the serum lipid profile, which includes serum cholesterol and
triglycerides, were all examined in the samples high-density lipoprotein (HDL), LDL and
VLDL. All chemical assays were performed using ortho-clinical diagnostics reagents on dry
chemistry analyzer VITROS 4600. The data obtained for each analyte were presented as
mean + SD. Values of diabetic and control group were compared by applying Student’s t-test.
The diabetic group was further categorized based on the homocysteine levels as normal and
hyperhomocysteinemia. Components of lipid profile were compared among these subgroups.

RESULTS

50 healthy, normal volunteers and 100 type Il DM patients participated in the current
investigation. The control group's participants were asymptomatic individuals who had no
abnormalities on regular evaluation. The individuals' average ages in the control and diabetes
groups were compared. The control group's mean age is 55.2 + 10.84 years, whereas the
diabetes group's is 54.1 + 16.1 years.

The diabetic group's mean fasting blood glucose level was found to be considerably higher (p
= 0.000). In comparison to the control group, which had a mean serum homocysteine content
of 10.3 + 3.22 mol/L, the diabetic group's was much higher at 21.21 + 7.62 mol/L.

The lipid profile's various components were also contrasted between the two groups. In the
current study, the mean blood total cholesterol concentration in the control group was 156.24
+ 26.20 mg/dL, but the mean serum total cholesterol in the diabetes patients group was
considerably higher (p = 0.000), coming in at 176.5 + 41.8 mg/dL. In the diabetes group
compared to the control group, the amount of serum TG was likewise considerably higher (p
= 0.000). The Fried Wald equation was used to determine the serum levels of LDL and
VLDL cholesterol. In the patients with diabetes, mean values for both LDL and VLDL
exhibited a substantial fluctuation with higher mean values.

Although a significant difference in HDL cholesterol levels was not seen, type Il diabetes
individuals did have a slightly lower amount.

Additionally, the blood homocysteine levels were used to divide the 100 diabetes participants
into smaller groups. Hyperhomocysteinemia is defined as serum homocysteine levels >15.0
mol/L; 30 individuals with type Il diabetes mellitus had homocysteine levels 15.0 mol/L and
70 had homocysteine levels >15.0 mol/L. The mean blood sugar levels in the two subgroups
were almost identical and showed no discernible change.

When the blood lipid profiles of the two subgroups were compared, it was found that the
subgroup with hyperhomocysteinemia had a significantly higher level of serum cholesterol
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and LDL-cholesterol. In connection to glycemic management, serum homocysteine levels in
diabetic individuals were also compared.
60 of the 100 diabetic research participants had their HbAlc levels checked; this test is a
solid indicator of glycemic management. Serum homocysteine levels in patients with poor
glycemic control (HbAlc > 8.0%) were found to be considerably higher.

Table 1: Comparison of variables in both study groups

Variable DiabetesPatients Controls P Value
(N=50) (N=50)

Age (years) 55.2 +£10.84 54.1+16.1 NS
Blood sugar fasting (mg/dL) 248.60 = 70.2 99.8 + 14.62 0.000

S. homocysteine (umol/L) 21.21 +7.62 10.3 + 3.22 0.000

S. cholesterol (mg/dL) 176.5+41.8 156.24 + 26.20 | 0.000

S. triglycerides(mg/dL) 142.0 + 64.2 112.12 +43.25 | 0.000

S. HDL-Chol (mg/dL) 41.0+9.44 45.22 + 6.88 NS

S. LDL-Chol (mg/dL) 101.0 + 31.7 82.12 +£20.50 | 0.000

S. VLDL-Chol (mg/dL) 29.89 + 13.66 24.26 + 8.32 0.000
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Figure 1: Comparison of homocysteine (umol/L) between control and patient group

Table 2: Distribution of variables between normal and hyperhomocysteinemia subgroups

Variable S. homocysteine >15 | S. homocystein e <15 P Value
pmol/L (n =73) umol/L (n = 27)

Blood sugar fasting 247.9 £ 69.12 242.8 +74.10 NS

(mg/dL)

S. homocysteine (umol/L) | 22.0 £ 6.5 1242 +£1.22 0.000

S. cholesterol (mg/dL) 185.0 £42.2 150.22 + 35.55 0.003

S. triglycerides(mg/dL) 151.0£72.0 136.8 £ 58.2 NS

S. HDL-Chol (mg/dL) 41.5\48 £ 9.42 40.25 £ 8.56 NS
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Figure 2: Comparison of lipid profile (mg/dL) based onhomocysteine group

Table 3: Distribution of S. homocysteine based on the HbAlc in type Il diabetic patients

Variables HbA1c¢ <8.0% (n=22) | HbAlc>8.0% (n=37) | p value
S. homocys tei ne 18.88 + 6.27 22.14 +8.24 0.035
(umol/L)
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Figure 3: Comparison of S. homocysteine (umol/L) based onHbA1c group
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DISCUSSION

Diabetes mellitus is a worldwide health issue since it is one of the primary causes of
morbidity and death. Furthermore, this disease's consequences have a negative impact on
people's quality of life.') Demethylation of methionine as a cofactor during its conversion to
cysteine results in the formation of homocysteine, a sulfur-containing non-essential amino
acid. It is now acknowledged as a significant arteriosclerosis risk factor. A prominent risk
factor for atherosclerotic disease in both diabetic and non-diabetic patients is
hyperhomocysteinemia, which is defined as increased homocysteine levels in plasma,
typically >15.0 mol/L. Chronic vascular problems in diabetic people with
hyperhomocysteinemia may arise. Although there have been several studies on the
significance of homocysteine in diabetes patients, it is still unclear how
hyperhomocysteinemia and cardiovascular risk are related. The state of the DM affects many
systems involved in lipid metabolism. Diabetes-induced dyslipidemia, notably a rise in the
LDL component, may be to blame for the higher prevalence of coronary heart disease (CHD)
among diabetics. The purpose of the current study was to assess the relationship between
homocysteine and other lipid profile elements in diabetes individuals. Serum homocysteine
levels in diabetic individuals were over 15 mol/L in 73% of cases. Elevated homocysteine
levels have been linked to a wide variety of medical conditions, including CVD, stroke, etc.
The diabetic group in the current study had significantly higher levels of the lipid profile
components cholesterol, TG, LDL, and VLDL than did the control group. In a related
investigation, Sniderman et al. found that hypertriglyceridemia was associated with high
levels of tiny, dense LDL particles and low levels of HDL cholesterol.™® Numerous studies
have shown a positive correlation between glucose intolerance and CVD in the presence of
obesity, dyslipidemia, hypertension, polycystic ovarian syndrome, smoking, sedentary
lifestyle, certain ethnic groups, poorly controlled diabetes, and hyperinsulinemia due to any
cause or risk factors. However, not all of these causes can account for the substantial link
between diabetes and early atherosclerosis. Previous investigations have shown that type-II
DM patients had hyjperhomocysteinemia, which may play a role in the onset of vascular
complications.!*” 8! wijekoon et al,”*® claim that a rise in plasma homocysteine levels has
been recognised as a risk factor for a number of illnesses, including CVD. In addition to the
transsulfuration enzymes, the betaine homocysteine methyl transferase enzyme was found to
have a significant role in the enhanced catabolism of homocysteine in type 11 diabetes. Serum
homocysteine levels that are elevated have been linked to CHD status.
Hyperhomocysteinemia's role in type Il diabetes is difficult to explain. It might be
challenging to consider reduced renal function in several ways, including decreased
creatinine clearance, albuminuria, or both25-29. According to Puri et al.,'*! diabetic patients'
mean homocysteine levels were nearly twice as high as those of the controls. Homocysteine
levels in patients were >18 mol/L in 72.55 percent of cases, compared to >18 mol/L in
controls in only 26.67 percent of cases. These results are consistent with the findings of the
current study, which found that 73 percent of the patients in the diabetic group had
homocysteine levels over 15.0 mol/L. Homocysteine levels were 28.86 13.02 mol/L in the
hyperlipid subgroup of the aforementioned research and 26.46 13.44 mol/L in the normolipid
subgroup. Therefore, there was no discernible difference between the homocysteine levels
and the lipid profile.

The two metabolic processes that break down homocysteine are trans-sulfuration and re
methylation, according to Abraham et al.®? Homocysteine thiolactone is a significant by-
product formed when there is too much homocysteine in the blood circulation. The
macrophages entrap this byproduct, which is then integrated into foam cells to form the first
atherosclerotic plaques. Homocysteine thiolactone acylates the proteins and alters the
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oxidative functions of the arteries inside these plaques. In turn, this encourages
atherothrombosis. Additionally, the oxidation of homocysteine produces superoxide and
hydrogen peroxide. As a result of endothelial dysfunction, which further encourages the
proliferation of blood vessel smooth muscles, such oxygen-derived molecules may contribute
to the oxidation of LDL. In the current investigation, the diabetic subgroup with
hyperhomocysteinemia had higher blood cholesterol and LDL values. According to Durdi et
al.,'”® there was a substantial positive association between total Hcy and LDL-C and a
negative correlation between total Hcy and HDL-C in 126 individuals who had myocardial
infarction. Hcy was discovered to be favourably linked with TG and VLDL-C and negatively
associated with HDL-C in 300 Indian patients with established coronary heart disease./*”
Low HDL levels were related with the MTHFR TT genotype and Hcy (r = 0.370, P = 0.003)
in 125 individuals with heterozygous familial hypercholesterolemia.”® Each of these
dyslipidemic characteristics, according to Krauss,’?® is linked to a higher risk of CVD. The
probable aetiology of this dyslipidemia may involve increased hepatic production of TGs rich
in VLDL and its poor clearance. Specific big VLDL precursors undergo intravascular
processing to become small, dense LDL particles. Ronald et al.””! showed that insulin
resistance and hyperglycemia are the causes of lipid abnormalities. In 60 patients with
ischemic heart disease, Yadav,’® observed that there was no statistically significant
association between plasma Hcy and TC, HDL-C, and TG. 155 diabetic individuals were
included in a study that discovered no connection between Hcy and lipids. In the highest Hcy
quartile, levels of TG and VLDL-C were greater than levels of LDL-C, non-HDL-C, and
HDL-C in uncorrected analysis, but these relationships vanished after controlling for
confounders, according to the most recent data, which included 18297 US individuals.’*®
Similarly, Tushuizen et al,®” discussed that high postprandial blood sugars and high lipid
levels are risk factors for vascular diseases.In another study by Shera et al,’* it was proposed
that uncontrolled diabetes may lead to higher macro as wellas microvascular complications
and is further relatedto longer duration of disease, poor glycemic control, increased body
weight, and hypertension. The vascularcomplications were ischemic heart disease,
myocardial infarction, and cerebrovascular accident. Thus, the overall results of this study
suggest that type Il diabetes individuals have much higher homocysteine levels, which may
be a factor in the development of endothelial dysfunction and associated problems.
Dyslipidemia follows hyperhomocysteinemia and vice versa. The homocysteine levels in
these individuals appear to be influenced by glycemic management as well. The study advises
more investigation into the relationship between glycemic control and hyperhomocysteinemia
in larger patient populations. According to the study, preventing hyperhomocyst einemia and
its consequences may be possible with effective counselling and maintenance of a healthy
lifestyle that ensures good glucose management and a balanced lipid profile.

CONCLUSION

According to the current study, those with type Il diabetes run the risk of acquiring
hyperhomocysteinemia and dyslipidemia. While dyslipidemia is predictive of cardiovascular
problems, homocysteine is a measure of endothelial dysfunction. Therefore, assessing these
risk factors might be useful in identifying individuals who are likely to experience severe
issues early on. Long-term diabetes can cause serious consequences, but leading a healthy
lifestyle and keeping a strong glycemic control can help with patient care and prevent the
development of such difficulties. As part of the screening and follow-up of type Il diabetes
patients, estimation of serum homocysteine and serum lipid profile is thus advised. Folic acid
and vitamin B12 supplements can reduce serum homocysteine levels. Proper patient
counselling, particularly on adopting a healthy lifestyle that includes a balanced diet and
regular exercise, can be very effective in managing dyslipidemia. The findings call for more
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investigation into the relationship between homocysteine and other inflammatory markers in
type 1l diabetes patients.
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