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INTRODUCTION

India has the highest number of  patients with diabetes 
and cardiovascular disease, which will increase in the 
future.[1] Coronary artery disease (CAD) is a major cause 

of  morbidity and mortality in type 2 diabetic patients.[2] 
Many prospective studies have evaluated the association 
of  diabetes and cardiovascular disease (CVD) and 
highlighted the differences in the pattern of  CAD among 
diabetic and non-diabetic patients.[3-5] Insulin resistance 
and a compensatory increase in insulin secretion are 
associated with a clustering of  abnormalities (including 
impaired glucose tolerance, dyslipidemia and hypertension) 
that together lead to a signifi cantly increased risk of
CVD.[6] Insulin resistance is a proinfl ammatory condition.[7]

Sub-clinical infl ammation and associated infl ammatory 
markers have been implicated in the pathogenesis 
of  diabetes and atherosclerosis.[8,9] Increased levels 
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A B S T R A C T

Introduction: There is an increase in awareness about the role of nutritional factors in chronic non-communicable diseases. We therefore 
conducted this study with an aim to assess the relationship between nutritional factor (vitamin B12 and homocysteine [Hcy]) and its association 
with insulin resistance and infl ammatory markers, and differences in traditional and non-traditional risk factors among diabetics and non-diabetics 
in known cases of coronary artery disease (CAD). Materials and Methods: Three hundred consecutive patients with known coronary disease 
on coronary angiography, who were25 years old were included in this study. All cases were interviewed using a questionnaire. Blood 
samples were analyzed for insulin, vitamin B12, Hcy and infl ammatory markers (highly sensitive C-reactive protein [hsCRP], interleukin-6 [IL-6], 
Tumor necrosis factor-alfa [TNF-]). Insulin resistance was calculated with homeostasis model assessment of insulin resistance (HOMA-IR). 
Results: Mean age of the patients was 60.9512.3 years. Body mass index and waist hip ratio were comparable in both groups. Triglyceride, 
very low-density lipoprotein and HbA1C were signifi cantly higher and high-density lipoprotein (HDL) was signifi cantly lower in patients with 
diabetes. Patients with diabetes had signifi cantly high levels of IL-6, hsCRP and TNF- compared with non-diabetic patients. Insulin resistance 
was twofold higher in diabetic patients. Serum vitamin B12 levels were signifi cantly lower and Hcy was signifi cantly higher in the diabetic 
group compared with the non-diabetic patients. HbA1C, HOMA-IR and Hcy levels were positively correlated with infl ammatory markers in the 
total study population and in the non-diabetic patients; but, in diabetic patients, HbA1C and Hcy showed this relation. Conclusions: Vitamin 
B12 defi ciency is common in the diabetic population. Hcy levels were higher in diabetics compared with non-diabetics, and were related 
to glycemic level and insulin resistance in diabetic patients. Patients with diabetes had higher traditional risk factors than patients without 
diabetes in known patients with CAD. Glycemic status was associated with insulin resistance and infl ammatory markers.
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homocysteine (Hcy) have been associated with 
infl ammation and endothelial dysfunction.[10] Vitamin 
B12 levels are inversely related with Hcy levels.[11] Hence, 
indirectly, defi ciency of  vitamin B12 may be associated 
with insulin resistance and infl ammation.[12] Therefore, 
we hypothesize that nutritional factors, insulin resistance 
and inflammatory markers should be interrelated in 
patients with CAD with or without diabetes. We therefore 
conducted this study with an aim to assess the relationship 
between nutritional factor (vitamin B12 and Hcy) and 
its association with insulin resistance and infl ammatory 
markers, and differences in traditional and non-traditional 
risk factors among diabetics and non-diabetics in known 
cases of  CAD.

MATERIALS AND METHODS

Three hundred patients with known coronary disease 
were included in this study. Patients who were admitted 
in the cardiology department for evaluation of  chest pain 
and found to be angiography positive were selected in 
the study consecutively. Exclusion criteria were presence 
of  chronic kidney disease, hepatic dysfunction, known 
endocrinal (except diabetes mellitus) or rheumatological 
diseases or chronic infections. All cases were interviewed 
using a questionnaire. Height, weight, waist and hip 
circumference were measured. Body mass index (BMI) 
was calculated by dividing weight in kilograms by square of  
height in meters. The waist hip ratio (WHR) was calculated. 
Obesity was defi ned by BMI30 kg/m2. Central obesity 
was defi ned by waist0 cm in male and80 in female. 
There were 125 patients with diabetes who were considered 
as cases and 175 patients without diabetes who served as 
controls.

Fasting blood samples were collected after 14-h fasting. 
Lipids were measured by using Cholesterol oxidase 
4-aminoantipyrine (CHOD PAP), Lipase/Glycerol 
kinase (LIP/GK) and enzymatic reaction, and low-density 
lipoprotein (LDL) and very low-density lipoprotein (VLDL) 
were calculated by the Freidwald formula. The interassay 
precision was 3.84% and the intra assay precision 
was 2% for all biochemical parameters. HbA1C was 
measured by boronate affinity assay. Tumor necrosis 
factor-alfa (TNF-), interleukin-6 (IL-6), highly sensitive 
C-reactive protein (hsCRP) and Hcy were measured by 
enzyme-linked immunosorbent assay method with kits 
manufactured by Gen-probe Diaclone, France, Biochek, 
CA, USA, and Axis-shield Diagnostic Ltd, UK. Insulin, 
vitamin B12 and folic acid assays were performed by the 
micro-particle enzyme immunoassay (MEIA) and Ion 
Capture MEIA methods, with commercial kits supplied 
by Abbott Laboratory, USA. Intra-assay precision and 

interassay precision were5% and10% for the above 
parameters. Insulin resistance was calculated using the 
HOMA model (HOMA-IR  fasting insulin [IU/ml] 
*fasting glucose [mmol/l]/22.5). Atherogenic dyslipidemia 
was defi ned as triglyceride level150 mg/dl and high-density 
lipoprotein (HDL) cholesterol level40 mg/dl. Vitamin B12
defi ciency was defi ned by200 pg/ml, folate defi ciency 
by3 ng/ml and hyperhomocysteinemia by15 mol/L. 
The study was approved by the Institutional Ethics 
Committee. Informed consent was obtained from all 
patients.

Statistical analysis was carried out using EPI Info, 
version 3.5.3 (CDC; Atlanta; USA) and SPSS Version 20. 
Data were presented as meanSD, median (range) or 
number (%) unless specifi ed. All non-parametric data 
like hypertension, dyslipidemia, smoking and number of  
vessels involved were analyzed by the Chi-square test. 
All parametric data like BMI, WHR, lipid parameters, 
HbA1C, HOMA-IR, vitamin B12, Hcy and infl ammatory 
markers were analyzed by the Student’s t-test. If  Bartlett’s 
Chi-square test for equality of  population variances 
was 0.05, then the Kruskal–Wallis test was applied. 
Pearson correlation was used to evaluate the correlation 
between nutritional factors like vitamin B12 and Hcy with 
infl ammatory markers (hsCRP, IL-6 and TNF-) and 
HOMA-IR. Multiple regression analysis was performed 
after adjustment for age, sex, BMI and presence of  
hypertension. A P  0.05 was considered statistically 
signifi cant.

RESULTS

Three hundred patients with known cardiovascular 
disease (M: 216; F: 84; age: 25-92 years) were studied. 
Mean age of  the patients was 60.912.4 years (range 
25-92). There was no age difference between males and 
females (M: 60.9512.3 years; F: 61.0312.9; P0.10). 
The basic characteristics of  the study population are 
given in Table 1. BMI and WHR were comparable 
in both groups. Obesity was present in 28% of  the 
patients with diabetes and 26.3% of  the patients without 
diabetes (P  0.84). Central obesity was observed in 
84% of  the cases and in 81.1% the controls (P0.62). 
Number of  patients with hypertension and dyslipidemia 
was signifi cantly higher in the diabetic patients compared 
with the non-diabetic patients. Triglyceride, VLDL 
and HbA1C were significantly higher and HDL was 
signifi cantly lower in patients with diabetes compared with 
those without diabetes. There was no signifi cant difference 
in serum total cholesterol and LDL cholesterol between 
the two groups. Serum LDL levels (100 mg/dl) were 
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comparable in both groups (40% vs. 38.9%; P0.93). 
Hypertriglyceridemia (69.6% vs. 58.3%; P0.02) and low 
HDL (68% vs. 45.1%; P0.0001) were more common 
in diabetics than in non-diabetics. Diabetic patients had 

more severe CAD than non-diabetics [Table 1].

Nutritional factors
Serum vitamin B12 levels were signifi cantly lower and Hcy 
was signifi cantly higher in the diabetic group compared 
with the non-diabetic patients [Table 2]. Folic acid was 
comparable in both groups. Vitamin B12 defi ciency was 
detected in 86.7% of  the patients (    cases 90.4% vs. control 
84%; P 0.15). Hyperhomocysteinemia was observed 
in 95.3% of  the patients, with no signifi cant difference 
between cases and controls (97.6% vs. 93.7%; P0.19). 
Only 2.5% of  the patients had folic acid defi ciency (cases 
3.2% vs. control 2.3%; P0.90).

Vitamin B12 levels were negatively correlated with Hcy levels 
in the total study population and in both groups separately. 
It was also negatively correlated with HOMA-IR in diabetic 
patients only. There was no direct correlation between 
vitamin B12 levels and infl ammatory markers. Hcy levels 
were positively correlated with infl ammatory markers in the 
total study population and in non-diabetic patients, and there 
was no correlation in the diabetic patients [Table 3]. This 

Table 1: Basic parameters of study population
Basic parameters Diabetes 

n=125
Non-diabetic 

n=175
P value

BMI (kg/m2) 28.2±3.9 27.6±3.7 0.241

WHR 0.92±0.06 0.93±0.06 0.5373

Hypertension (%) 93 (74.4) 95 (54.3) 0.0006

Dyslipidemia (%) 67 (53.6) 57 (32.6) 0.0004

Total cholesterol (mg/dl) 179.3±47.7 178.3±44.2 0.857

LDL (mg/dl) 106.7±53.8 104.7±48.1 0.7391

Triglycerides (mg/dl) 179.9±42.7 164.8±47.7 0.0051

HDL (mg/dl) 36.6±8.88 40.6±9.09 0.0002

VLDL (mg/dl) 35.9±8.55 32.9±9.55 0.0051

Smoking (%) 52 (41.6) 59 (33.7) 0.2028

HbA1C 8.8±2.6 5.08±0.34 <0.0001

Single vessel disease (%) 5 (4) 62 (35.4) <0.0001

Double vessel disease (%) 20 (16) 56 (32.0)

Triple vessel disease (%) 100 (80) 57 (32.6)

BMI: Body mass index, WHR: Waist hip ratio, LDL: Low-density lipoprotein, 

HDL: High-density lipoprotein, VLDL: Very low-density lipoprotein, 

HbA1C: Glycated hemoglobin

Table 2: Insulin resistance, infl ammatory and nutritional markers in diabetic and non-diabetic patients
Basic parameters Diabetes (n=125) mean±SD (median) Non-diabetic (n=175) mean±SD (median) P value

Insulin (U/ml) 51.7±51.2 (26) 50.7±39.7 (49.8) 0.8007

HOMA-IR 26.8±28.8 (14) 12.03±9.2 (11.9) <0.0001

IL-6 (pg/ml) 78.2±78.4 (34.4) 54.7±71.5 (17.1) 0.0073

hs CRP (mg/L) 14.4±10.2 (14.7) 9.6±8.7 (6.8) <0.0001

TNF- (pg/ml) 25.7±28.5 (11.9) 24.9±47.8 (8.9) 0.0118

Vitamin B12 (pg/ml) 178.2±301.2 (96.1) 217.2±377.4 (103.7) 0.0014

Homocysteine (mol/L) 39.2±15.9 (37.7) 33.9±14.2 (30.4) 0.0026

Folic acid (ng/ml) 7.6±6.3 (4.36) 8.2±7.4 (4.30) 0.5056

HOMA IR: Homeostatis model analysis of insulin resistance, IL-6: Interleukin-6, hsCRP: Highly sensitive C-reactive protein, TNF-: Tumor necrosis factor-alpha, 

SD: Standard deviation

Table 3: Correlation of vitamin B12 and homocysteine, homeostatis model analysis of insulin resistance and 
infl ammatory markers*
Parameter Homocysteine HOMA-IR hsCRP IL-6 TNF- HbA1C

Vitamin B12

Diabetic –0.375 (<0.0001) –0.188 (0.036) –0.008 (0.926) 0.027 (0.767) 0.120 (0.182) –0.120 (0.181)

Non diabetic –0.226 (0.003) 0.045 (0.552) –0.149 (0.050) –0.144 (0.052) –0.062 (0.418) 0.008 (0.912)

Homocysteine

Diabetic - 0.386 (<0.0001) 0.174 (0.052) 0.137 (0.068) 0.045 (0.618) 0.435 (<0.0001)

Non diabetic - 0.372 (<0.0001) 0.385 (<0.0001) 0.311 (<0.0001) 0.130 (0.086) 0.226 (0.003)

HOMA IR

Diabetic - - 0.115 (0.200) 0.114 (0.205) 0.029 (0.752) 0.410 (<0.0001)

Non diabetic - - 0.262 (<0.0001) 0.176 (0.020) 0.145 (0.056 0.158 (0.037)

hsCRP

Diabetic - - - 0.550 (<0.0001) 0.340 (<0.0001) 0.261 (0.003)

Non diabetic - - - 0.550 (<0.0001) 0.252 (0.001) 0.192 (0.011)

IL-6

Diabetic - - - - 0.333 (<0.0001) 0.306 (0.001)

Non diabetic - - - - 0.158 (0.036) 0.208 (0.006)

TNF-
Diabetic - - - - - 0.234 (0.009)

Non diabetic - - - - - 0.085 (0.261)

*All values are given in beta-coeffi cient (P value), HOMA IR: Homeostatis model analysis of insulin resistance, hsCRP: Highly sensitive C-reactive protein, 

IL-6: Interleukin-6, TNF-: Tumor necrosis factor-alpha, HbA1C: Glycated hemoglobin
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Table 4: Interrelation of vitamin B12 and homocysteine; homeostatis model analysis of insulin resistance and 
infl ammatory markers after adjustment with age, sex, body mass index and hypertension in multiple regression analysis
Parameter Vitamin B12 Homocysteine HOMA-IR HbA1C

Vitamin B12

Diabetic - –0.019 (<0.0001) –0.015 (0.0832) –0.001 (0.20)

Non diabetic - –0.010 (0.0004) –0.001 (0.2968) 0.000 (0.941)

Homocysteine

Diabetic –6.59 (<0.0001) - 0.642 (<0.0001) 0.070 (<0.0001)

Non diabetic –7.203 (0.00004) - 0.166 (<0.0001) 0.005 (0.007)

HOMA IR

Diabetic –1.68 (0.0832) 0.200 (<0.0001) - 0.038 (<0.0001)

Non diabetic –5.134 (0.2968) 0.919 (<0.0001) - 0.004 (0.391)

TNF-
Diabetic 1.641 (0.0950) 0.000 (0.9996) –0.078 (0.3973) 0.019 (0.024)

Non diabetic –0.657 (0.2905) 0.031 (0.1712) 0.009 (0.3283) 0.001 (0.179)

IL-6

Diabetic 0.163 (0.6443) 0.045 (0.0541) 0.032 (0.3300) 0.010 (0.001)

Non diabetic –0.923 (0.0238) 0.058 (<0.0001) 0.004 (0.5192) 0.001 (0.019)

hsCRP

Diabetic –0.531 (0.8458) 0.265 (0.0630) 0.368 (0.1500) 0.064 (0.006)

Non diabetic –7.616 (0.0230) 0.596 (<0.0001) 0.111 (0.0344) 0.007 (0.029)

*All values are given in beta-coeffi cient (P value), HOMA IR: Homeostatis model analysis of insulin resistance, HbA1C: Glycated hemoglobin, TNF-: Tumor necrosis 

factor-alpha, IL-6: Interleukin-6, hsCRP: Highly sensitive C-reactive protein

correlation persisted even after adjustment for age, sex, and 
BMI in multiple regression analysis [Table 4].

Insulin resistance and infl ammation
Diabetic patients were more insulin resistant (HOMA-IR) 
than non-diabetics, although the insulin levels were 
comparable. Patients with diabetes had significantly 
high levels of  infl ammatory markers; IL-6, hsCRP and 
TNF-, compared with non-diabetic patients. hsCRP 
was more signifi cantly elevated compared with IL-6 and 
TNF- [Table 2]. HOMA-IR showed a positive correlation 
with Hcy levels [Figure 1] and infl ammatory markers 
(IL-6 and hsCRP) in the total study population [Figure 1] 
and non-diabetic population, but this relation was only 
evident with Hcy in diabetic patients [Table 3]. This 
association persisted even after adjustment for age, 
sex and BMI in multiple regression analysis [Table 4]. 
HbA1C had a signifi cant positive correlation with Hcy, 
HOMA-IR [Figure 1] and infl ammatory markers (TNF-, 
IL-6 and hsCRP) [Tables 3 and 4] [Figure 1].

DISCUSSION

This study revealed signifi cant differences between diabetics 
and non-diabetics in known cases of  CVD compared with 
population-based observational and prospective studies.[3,4] 
Among traditional risk factors, there were no difference 
in BMI, WHR and number of  patients with obesity 
and central obesity between the two groups. A similar 
observation was made by a recently published study.[5] 
Obesity and central obesity are strong risk factors for 
T2DM and CVD;[13,14] hence, we expected this difference 
to persist even after the onset of  CVD. It may due to the 

similar risk conferred by obesity and central obesity to 
CVD in patients with or without diabetes. Hypertension 
was more common in diabetic patients as compared 
with non-diabetic subjects. There is a strong relationship 
between diabetes and hypertension.[15] Several studies 
showed that the prevalence of  hypertensives in type 2 
diabetes is between 50% and 73%.[3,16] This high prevalence 
of  hypertension in type 2 diabetes mellitus is associated 
with the presence of  insulin resistance syndrome due to the 
activation of  sympathoadrenal system, rennin angiotensin 
system and sodium retention.[15] Among lipid abnormalities, 
a significant difference was only observed for serum 
triglyceride and HDL levels between the two groups, which 
refl ects the underlying higher insulin resistance in diabetic 

Figure 1: Scatter plot with trendline showing correlation between HbA1C, 
homeostasis model assessment of insulin resistance, highly sensitive 
C-reactive protein, and homocysteine levels
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patients and its effect. There was no difference in the total 
cholesterol and LDL cholesterol levels between the two 
groups. Hence, it may be inferred that LDL cholesterol 
confers a similar risk in diabetics and non-diabetics as also 
reported by the Strong Heart Study, where the hazard ratio 
1.07 was equal in both groups.[5]

In the present study, a high percentage of  patients had 
vitamin B12 deficiency and hyperhomocysteinemia, 
which was more marked in patients with diabetes. Dietary 
vitamin B12 defi ciency is a severe problem in India due 
to vegetarianism, and causes hyperhomocysteinemia.[17,18] 
Similarly, a high prevalence of  hyperhomocysteinemia 
has been reported in the Indian population even without 
CAD[19,20] and also with CAD.[21] Yajnik et al.[20] reported 
vitamin B12 defi ciency and hyperhomocysteinemia in 81% 
and 79% of  the urban middle class population without 
CAD. Vitamin B12 defi ciency is associated with CAD 
in the Indian population.[22] In this study, all patients had 
underlying CAD, which can explain the high percentage 
of  vitamin B12 defi ciency. Serum vitamin B12 levels were 
signifi cantly lower and Hcy levels were signifi cantly higher 
in patients with diabetes than those without diabetes in 
the present study. Several studies have reported a similar 
fi nding.[23-25] However, another study from India did not 
fi nd any difference in the serum vitamin B12 and Hcy levels 
in patients with CAD with or without diabetes.[26] Serum 
vitamin B12 levels had a signifi cant negative association with 
Hcy levels in this study, which has also been reported by 
others from India.[20-22] Vitamin B12 acts as a coenzyme while 
folic acid provides the methyl essential for the reactions to 
take place. Therefore, folic acid and vitamin B12 defi ciency 
can cause reduction in methylene tetrahydrofolate reductase 
activity, leading to a decrease in methionine synthesis and 
Hcy accumulation.[27] A meta-analysis of  27 observational 
studies[28] and population-based prospective studies[29] have 
shown Hcy to be an independent risk factor for CAD, 
independent of  other cardiovascular risk factors. Although 
supplementation of  vitamin B12 has shown to reduce Hcy 
levels,[30,31] a meta-analysis of  several trials did not reveal 
any cardiovascular benefi t.[32]

In this study, although Hcy was positively correlated 
with insulin resistance and infl ammatory markers in the 
study population, serum vitamin B12 levels were not. 
This suggests that vitamin B12 does not have a direct 
association with non-traditional cardiovascular risk factors, 
but may play a role, indirectly, through increasing the Hcy 
levels. This is also supported by a cross-sectional study 
in Asian Indians, which reported no correlation between 
serum vitamin B12 and HOMA-IR.[33] The Framingham 
offspring study demonstrated a modest association between 
hyperinsulinemia and fasting Hcy levels.[34] Some studies 

have observed a positive association between Hcy and 
insulin resistance,[34,35] whereas others were unable to 
document such an association.[36,37] Similar fi ndings have 
been noted for association of  Hcy and infl ammatory 
markers.[38] These differences can be explained by a 
different subset of  population studies, differences in 
anthropometric parameters and associated comorbidities. 
Several mechanisms have been proposed to explain 
the atherogenic actions of  Hcy, which include vascular 
endothelial dysfunction, direct cytotoxic effects to vascular 
endothelial cells, proliferation of  vascular smooth muscle 
cells, lipid peroxidation  , platelet activation and induction 
of  infl ammation.[39]

In the present study, diabetic patients had higher insulin 
resistance, which is in accordance with the current 
understanding of  the pathogenesis of  diabetes.[40] However, 
if  we consider a cut-off  of  2.6 for HOMA-IR as an indicator 
of  insulin resistance in patients with normoglycemia[41] and 
3.8 in patients with diabetes,[42] both groups had evidence 
of  underlying severe insulin resistance. Insulin resistance 
and its associated abnormalities may have an important role 
in the development and progression of  atherosclerosis and 
cardiovascular disease in the Indian population.[43] The exact 
cause of  insulin resistance is not known. Genetic, nutritional 
and environmental factors have been implicated to explain 
insulin resistance. In the present study, HOMA-IR was 
positively correlated with Hcy levels and infl ammatory 
markers in patients without diabetes only. In patients with 
diabetes, HOMA-IR was positively correlated with glycemic 
control. It is postulated that infl ammation is mediated 
by two different mechanisms, i.e., through activation of  
nuclear factor- or oxidative stress. In diabetic patients, 
hyperglycemia and relative insulin deficiency activate 
both mechanisms while Hcy only operates through the 
oxidative mechanism.[44] This suggests that in diabetic 
patients, glycemic status overrides the oxidative stress 
induced by Hcy; hence, there is no correlation between Hcy 
and infl ammatory markers in diabetic patients. A similar 
observation has been made by other studies in diabetic 
patients with manifest atherosclerotic heart disease.[45]

In the present study, infl ammatory markers were signifi cantly 
higher in patients with diabetes compared with those 
without diabetes. Several studies have reported higher 
levels of  infl ammatory markers in diabetics compared with 
non-diabetics in patients without underlying CVD[7,46] or 
with CVD.[47] Infl ammatory markers (hsCRP and IL-6) 
were positively associated with insulin resistance in patients 
without diabetes and with glycemic control in patients with 
diabetes in this study. In a study among US adults aged 
17 years and over, elevated CRP concentrations increased 
with increasing HbA1c levels, and suggested an association 
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between glycemic control and systemic infl ammation in 
people with established diabetes.[48] Increase in infl ammatory 
markers has been associated with progression of  CAD[49] 
and diabetes[50] in prospective, population-based studies. 
However, in the present study, although the TNF- level 
was higher in diabetic patients than in non-diabetic patients, 
it did not show any association with insulin resistance. 
TNF- levels were positively related with glycemic control. 
Larger studies had shown a positive correlation of  TNF- 
with insulin resistance.[49,50] TNF- is also associated with 
the amount of  adipose tissue.[46] There was no difference 
in BMI in both groups in this study, which may explain 
our finding. Inflammation and inflammatory markers 
increase the expression of  adhesion molecules in vascular 
endothelium and may play an active role in initiation, 
progression and ultimately, thrombotic complications of  
atherosclerosis.[8]

There were some limitations of  our study. Firstly, the study 
population consisted of  confi rmed cases of  CAD without 
a control group, because they are more likely to reveal 
alterations in infl ammatory markers, insulin resistance 
and dietary factors, being at the extreme end of  the 
disease spectrum. Secondly, being a cross-sectional study, 
long-term follow-up data were not available.

CONCLUSIONS

Vitamin B12 defi ciency was common and patients with 
diabetes had lower levels of  vitamin B12. Diabetic patients 
had higher levels of  insulin resistance, infl ammatory markers 
and Hcy compared with non-diabetics. Nutritional factors 
were inter-related with insulin resistance and infl ammation, 
and may play an important role in the pathogenesis of  
diabetes and cardiovascular disease. Patients with diabetes 
had more traditional risk factors (hypertension, dyslipidemia) 
than patients without diabetes in known patients with 
CAD. However, there was no difference in BMI and 
WHR. Although prospective trials were unable to show 
benefi cial effects of  vitamin supplementation,[42] long-term 
prospective studies are required in our population with 
an underlying high prevalence of  nutritional defi ciency to 
show the benefi cial effect of  nutritional supplementation 
on non-communicable diseases.
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