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Abstract: Introduction Cardiovascular disease (CVD) is one of the prominent causes of
mortality in cases of chronic Type 2 diabetes mellitus (T2DM) patients and necessitates improving
risk categorization. There are few available biomarkers that can assess preceding or current
glycemic and cardiac status, but not prognosis. Serum homocysteine (Hcy) has been indicated and
reported to be a likely biomarker that can detect cardiovascular complication in patients with
T2DM. Methodology Present study details the comparative analysis of several biochemical and
metabolic biomarkers including Hcy in T2DM patients with and without CVD complications. A
total of eighty patients, n = 40 each in T2DM with CVVD and T2DM without CVD, were included
in the study. Patient’s preparation, blood sample collection and analyses of all biochemical,
metabolic markers including Hcy were performed as per standard protocols. One way ANOVA
was used for independent measures including Tukey HSD with level of significance at P< 0.05.
Results Indication of hyperhomocysteinemia, was significantly apparent in patients with T2DM
who have CVD, as compared to those with T2DM without CVD. All other biochemical and
metabolic parameters manifested marked significant (P< 0.00001) elevations, which was more
perceptible in T2DM CVD as compared to T2DM non CVD. Clinical relevance of high Hcy in
blood in patients with T2DM CVD thus suggested being prominent risk factor for proceeding
renal and cardiac complications.
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Introduction

Diabetes affects millions worldwide, its major cause of morbidity and in many cases mortality
due to impending complications [1-4]. Out of various documented complications, cardiovascular
disease (CVD) is one of the prominent causes of mortality and necessitates improving risk
categorization. Furthermore, by doing so, clinicians can suggest and implement better
individualized treatment regiments, bed-side care, and enhanced management of daily routine to
prevent morbidity and mortality [5]. Few biomarkers, such as glycated hemoglobin (HbAlc),
Trop | provide preceding or current glycemic and cardiac status, respectively, nevertheless,
cannot provide long-lasting association or disease progression, especially in CVDs [6,7]. With
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limited prognostic significance, several biomarkers reflect only existing disease anomalies which
might not be clinical appropriate, if disease progression and complications are impending and
there is a marked risk of overactive morbidity [6,7]. Numerous earlier and recent studies reported
evaluation of novel biomarkers to assess risk and prognosis of CVD complication arising due to
chronic T2DM [1, 8]. N-terminal neutric peptide (NT-pro BNP), Troponins (I and T), C-reactive
proteins, matrix metalloproteinases and Apolipoproteins were reported to be such biomarkers that
can assess diagnosis and prognosis of CVD in patients with long term T2DM [1]. More recently,
serum homocysteine (Hcy) has been indicated and reported to be a likely biomarker that can
detect vascular complication in patients with T2DM [9,10]. Due to its biological mechanism of
interacting with blood coagulation, oxidative stress and vascular endothelial and arterial walls
injuries, Hcy noted to be a significant prognostic biomarker [11, 12]. Various past and recent
studies have reported the association of Hcy with development of atherosclerosis and CVD in
T2DM patients [11, 10]. Clinical studies documented determination of hyperhomocysteinemia as
a marked risk factor for CVD and having stroke, as 25% increase in blood concentration of Hcy
can lead to that risk elevation upto 10% to 20% [8]. Moreover, incremental increase of Hcy can
also trigger the-occurrence of heart disease with elevated risk upto 52% and mortality upto 32%
[9].

In this context, present study details the comparative analysis of several biochemical and
metabolic biomarkers including homocysteine in T2DM patients suffering from CVD
complication in relation to patients without CVVD and control group (without any disease state).
Analytical outcome will provide information regarding Hcy significance as diagnostic and
prognostic marker in T2DM patients, suspected of developing or suffering from CVD.

Materials and Methods:

Study population:

Around three hundred and fifty patients (males n = 242, females n = 108) with confirmation of
T2DM were screened, out of which 121 (males n = 76, females n = 45) were found to be suffering
from CVD complications whereas 229 (males n = 167, females n = 62) without cardiovascular
complications includes arrhythmias, valvular, coronary artery disease, aortic malfunctioning,
pericardial and peripheral diseases, congenital heart disease and deep venous thrombosis.

Study was conducted from January 2022 to December 2022. It was a case control-observational
study conducted at Lyari General Hospital and, Liaquat National Hospital, Karachi. Sample size
calculation was done via using online calculator https://www.calculator.net/sample-size-
calculator.html with screened population three hundred and fifty, population proportion 8.0%,
margin of error 5% and confidence level 95%, for which sample size came out to be n = 86. For
even distribution, final sample size of 80 was taken, with n = 40 in each group of T2DM without
CVD (T1) and T2DM with CVD (T2). Forty individuals, age and gender matched, without any
disease were grouped as control (T3).

Analyses of biochemical, metabolic markers and Homocysteine: Patient’s preparation and blood
sample collection were performed as per protocols reported recently [13]. All biochemical and
metabolic markers were analysed by standards methods [14-16]. Hcy was determined by
“Homocysteine Enzymatic Assay” based on novel enzyme cycling assay principle that assesses
the co-substrate conversion product [17-19]. In this assay, oxidized Hcy is first reduced to free
Hcy which then reacts with a co-substrate, S-adenosylmethionine (SAM), to form methionine
(Met) and S-adenosylhomocysteine (SAH), catalysed by Hcy S-methyltransferase.

Statistical analysis:

All data were analysed by using SPSS version 21, (SPSS Inc, Chicago, Illinois, USA). Data
presented as mean + SD, unless specified otherwise. Comparative data analysed were done with
T1: T2, T2: T3 and T1 vs T3 where T1 = T2DM patients without CVD, T2DM patients with
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CVD and T3 = Control (non-diseased) group using one way ANOVA for independent measures
including Tukey HSD with level of significance at P< 0.05.

Results

Present study details the comparative analysis of alteration in biochemical and metabolic markers
in T2DM patients without CVD as compared to those T2DM patients with CVD complications.
Moreover, indication of hyperhomocysteinemia, as apparent by higher levels of Hcy in T2DM
CVD patients as compared to non-CVDs (and control group), also been revealed (Table 1).
Enzymes, ALT, AST comparison amongst T1:T2, T2:T3 and T1:T3 revealed marked significance
(P< 0.00001). However, fasting blood glucose, Triglyceride, Cholesterol, HbAlc, insulin,
whereas uric acid was moderately significant in one instance T2:T3 (Table 1). Mean Age was
noted to between 37.125 to 38.70 years and appeared-to be a non-significant parameter. Hcy n
control group was estimated to be 6.85 + 1.955 umol/L, whereas a higher, more than double
concentration was noted in T2DM without CVD group (12.55 + 1.319 mmol/L) and even highest
in T2DM group with CVD (15.7 + 1.417 mmol/L) suggesting profound effects of T2DM and
proceeding complication of CVDs. Insulin, a hormone directly related to carbohydrate
metabolism and itself a metabolic biomarker, also seems to have the same pattern of elevation,
Data suggested both metabolic, physiological alterations, both in T2DM without CVD, and
T2DM in addition to hyperhomocysteinemia with CVD, however more profoundly in later than

former group (Table 1).

Table 1: Comparative analysis of biochemical and metabolic biomarkers, including Hcy in

T2DM patients with and without CVD

Parameters CONTROLST1 T2DM WITHOUT CVDT2 | T2DM WITH CVD T3
Age years. 37.25+4.024 37.125 + 3.487 38.70 £ 3.68

T1:T2 T2:T3 T1.T3

Q=021 Q=267 Q=245

p =0.98774 p = 0.14767 p =0.19655
ALT IU/L 24.3 £3.023 27.775 + 2.5063 36.825 * 3.2964

T1:T2 T2:T3 T1.T3

Q=742 Q=19.34 Q=26.76

p = 0.000001 p = 0.000001 (p =0 .000001
AST IU/L 23.7+ 2.2441 29.275 + 2.2071 40.05 + 2.5415

T1:T2 T2:T3 T1.T3

Q=15.10 Q=29.18 Q=44.27

p = 0.000001 p = 0.000001 p =0.000001
FBG mg/di 84.225 £ 5.126 111.25 £12.04 130.575 + 10.210

T1.T2 T2:T3 T1.T3

Q=17.84 Q=12.75 Q=30.59

p = 0.000001 p = 0.000001 p = 0.000001
CHOLESTEROL | 126.6 + 11.327 163.1 £ 21.687 189.875 + 10.503
mg/dl T1:T2 T2:T3 TL1.T3

Q=15.01 Q=11.01 Q =26.02

p = 0.000001 p = 0.000001 p =0.000001
TRIGLYCERIDE | 109.275 + 8.302 176.125 + 11.78 201.4615 + 18.546

T1:T2 T2:T3 T1.T3
mg/dl Q=31.16 Q=1181 Q=4297

p = 0.000001 p = 0.000001 p =0.000001
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URIC ACID 4.27 +0.589 6.9173 % 0.563 7.4633 £ 0.561
TLT2 T2:T3 T1,T3
mg/dl Q=29.29 Q=6.04 Q =35.33
p =0 .000001 p =0 .00012 p = 0.000001
HbAZLc % 5.2995 + 0.292 7.3731+ 0.545 8.3074 + 0.474
TLT2 T2.T3 T1,T3
Q=2855 Q=12.86 Q=41.42
p =0 .000001 p =0 .000001 p =0 .000001
Insulin |U/ml | 8.85 + 2.476 15.05 + 1.986 17.275 + 1.467
TLT2 T2:T3 TLT3
Q=19.42 Q=6.97 Q =26.39
p =0 .000001 p = 0.00001 p = .000001
HCY 'mol/L 6.85 + 1.955 12,55 + 1.319 15.7 + 1.417
TLT2 T2:T3 TLT3
Q=22.69 Q=12.54 Q=35.23
p = 0.000001 p = 0.000001 p = 0.000001

Q = indicates a significant result, Data analysed T1vs T2 (T1:T2), T2vs T3, T1vs T3

Discussion

Higher levels of Hcy have been attributed to diabetic state and more profoundly in T2DM patients
with microvascular and CVD [20, 21] as compared to those individuals devoid of T2DM and/or
CVDs. Furthermore, several earlier studies reported that hypercholesterolemia, diabetes mellitus,
hypertension, smoking can contribute in the development of hyperhomocysteinemia, however it
could be, in most cases, shall remain an independent indicator of impending CVDs, in addition to
peripheral arterial and coronary arteries disease [20, 21]. A recent study reported correlation of
higher levels of Hcy in T2DM patients with impending cause specific mortality, secondary to
chronic heart disease [22]. The research also showed a strong connection between Hcy and an
increased risk of developing end-stage conditions related to both overall health and the heart.
Additionally, it demonstrated a significant ability to predict the risk of mortality over a period of
ten years [22]. This report provides further evidence that supports previous research and our own
study, confirming that Hcy is indeed linked to the development and progression of cardiovascular
CVDs, neurological diseases, and malignancies [23-26]. Clinical studies documented through
case control and cross- sectional cohorts suggested and evidently showed a correlation between
high circulating total Hcy and occurrence of peripheral, carotid and coronary artery diseases [22]
Hcy is the end product of amino acid methionine metabolism and physiological presence of folic
acid, B12 and B6, in addition to kidney functions, it determines the circulating concentrations of
Hcy and thereafter its metabolic and physiological effects [22]. As a result of impaired glucose
metabolism and imminent T2DM state, hyperhomocysteinemia may occur due to alerted
absorption, which tends to increase the risk of CVD development [22, 27]. On the other hand,
presenting hyperhomocysteinemia aggravates insulin resistance, vascular endothelial dysfunction
in return, thus further complicating clinical wellbeing of T2DM patients. Overall alteration in
metabolism of Hcy resulting in hyperhomocysteinemia may be caused by cellular stress, oxidative
impairment, unhealthy diet, genetic alterations and low plasma levels of folate, Vitamin B12,
vitamin B6, resulting in pathogenesis of CVDs via pathological effects on smooth muscle cells
and vascular endothelium, causing variations in subclinical arterial functions, as seen in most
cases of T2DM [22, 26, 28]. Reported mechanisms of adverse effects, induced by
hyperhomocysteinemia in T2DM patients with CVDs, includes oxidative damages, endothelial
dysfunctions, arterial walls deterioration, platelet activation and development of impaired cellular
regeneration [22, 26, 28].
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Clinical relevance of high Hcy in blood in patients with T2DM and CVD is considered very
significant risk factor for proceeding renal and cardiac complications and sometimes may predict
prognosis [28]. An earlier study has reported a value of 19.95 mmol/L to predict prognosis for
impending CVD complications in T2DM patients [28]. Somewhat similar value has also been
observed in our study as well in T2DM patients with CVD.

Conclusion

The current study found a strong connection between high levels of Hcy and the occurrence of
CVDs and/or complications in patients with T2DM. The significant findings were noted in the
blood levels of metabolic and biochemical markers, including Hcy, when comparing T2DM
patients with CVDs to those without CVDs. Cases of T2DM with CVD patients showed higher
concentrations of cholesterol, triglycerides, FBG, HbAlc, and metabolic enzymes like AST, ALT,
and Hcy compared to T2DM patients without CVDs. This suggests an overall increase in
oxidative, hepatic, and cellular stress, as well as an impaired metabolic state in cases of T2DM
with CVD.
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