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Abstract The role of hyperhomocysteinemia as a risk

factor for diabetic long-term complications has not been

sufficiently evaluated in prospective studies, considering

specific correlates of homocysteine (tHcy) concentration

and traditional cardiovascular disease (CVD) risk factors.

Fasting tHcy, vitamin B12 and folate plasma levels, the

common methylenetetrahydrofolate reductase (MTHFR)

C677T gene polymorphism, as well as clinical and lifestyle

information were assessed in 216 type 2 diabetic patients

attending two outpatient clinics, who had a follow-up

evaluation at 65 ± 9 months for the incidence of macro-

angiopathy. At basal evaluation, mild hyperhomocystein-

emia (tHcy C 15 lmol/l) was diagnosed in 21.3% of

participants. At follow-up, hyperhomocysteinemia and the

distribution of MTHFR C677T genotype did not signifi-

cantly differ according to the incidence of macroangiopa-

thy. Multiple variables adjusted ORs (95% CI) for CVD

associated with mild hyperhomocysteinemia were 1.01

(0.37–2.82); P [ 0.05; those associated with MTHFR TT

genotype were 0.46 (0.15–1.38); P [ 0.05. Although the

prevalence of hyperhomocysteinemia was higher in dia-

betic men (26.9%) than in women (16.1%; P [ 0.05),

similar results were also observed in a separate sex-

analysis. At the multivariate analysis, including in the

model other potential CVD risk factors, only creatinine

clearance was a significant risk factor for the development

of macroangiopathy. In this cohort of diabetic subjects,

mild hyperhomocysteinemia and the MTHFR TT genotype

are not significant risk factors for the development of

macroangiopathy; impaired renal function was confirmed

as a significant predictor of this complication.
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Introduction

A moderate increase in total homocysteine (tHcy) plasma

levels may contribute to the cardiovascular disease (CVD)

risk of type 2 diabetic subjects. However, despite the

relationship between tHcy levels and diabetes has been

investigated for almost 20 years, the causal role of hype-

rhomocysteinemia in diabetic long-term complications is

still questioned [1–3].

The controversies may partly lie on the cross-sectional

design of most of the studies that have investigated these

relationships. Furthermore, the vast majority of these

studies did not account for potential confounders such

as specific predictors of tHcy plasma levels in diabetic

subjects [2, 3].

Circulating tHcy derives from the interplay of genetic

and environmental factors involved in the homocysteine/

methionine metabolic cycle. Ageing and gender, renal
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function, vitamin B12, B6 and folate, together with life-

style factors such as smoking [4], as well as a common

mutation in the methylenetetrahydrofolate reductase

(MTHFR) gene locus [5, 6] are known determinants of

tHcy concentration in the general population, and they

have been recently reported to account for tHcy variations

also in type 2 diabetic subjects [7]. On the contrary, the

impact of diabetes-related variables, such as metabolic

control, oral hypoglycemic drugs and the degree of insulin

resistance on tHcy levels, is still under debate [7–10].

These factors must be taken into account when evalu-

ating whether hyperhomocysteinemia and/or the MTHFR

TT genotype would increase the risk of developing diabetic

long-term complications.

Consequently, the purpose of this study was to investi-

gate the independent relationships between mild hype-

rhomocysteinemia, the common MTHFR C677T variant

and the incidence of macroangiopathy in a sample of type 2

diabetic subjects, taking into account tHcy determinants

specifically individuated in this same population [7], as

well as other common CVD risk factors.

Subjects, materials and methods

Study population

Details on the study population have been presented else-

where [7]. Briefly, unrelated type 2 diabetic patients,

attending the outpatient clinics of the Metabolic Units of

Messina University Hospital, in Messina and of Chieri

Hospital, in Turin, Italy, were consecutively enrolled into

the study, after giving their informed consent. Exclusion

criteria at enrolment were creatinine values [1.5 mg/dl,

macroalbuminuria, medical conditions or medications

potentially influencing tHcy levels, as well as invalid

measurements or information on the main study

parameters.

Of the 312 subjects who participated the baseline eval-

uation [7], 96 patients did not participate to the follow-up

analysis due to impossibility to recall information on

6 patients, death for 11 patients and incomplete data at

follow-up for the others. Those (216 subjects) who had a

valid follow-up evaluation were considered eligible and

included in the present analysis.

No significant baseline demographic and clinical dif-

ferences were noted between subjects included (n = 216)

and those excluded (n = 96) from the present analysis

(data not shown); in particular, baseline mean tHcy levels

were 13.67 ± 5.25 vs. 12.71 ± 5.94 lmol/l in the exclu-

ded vs. the included group, (P [ 0.05); similarly, the dis-

tribution of MTHFR genotype was not significantly

different in the two groups (P [ 0.05).

Baseline information relative to personal, clinical and

lifestyle data was collected by a questionnaire. Subjects

were defined as not smokers or current smokers, including

in the latter category also those who had quit within 1 year.

Subjects were currently treated with diet, oral agents

(OHA), insulin or a combination of these.

All the participants gave their informed consent, and the

study was approved by the local ethical committee.

Measurements and assays

Type 2 diabetes was diagnosed according to ADA 1997

criteria [11]. BMI and blood pressure (BP) were measured

according to standard procedures. Hypertension was

defined as systolic BP [ 130 mmHg and/or diastolic

BP [ 80 mmHg, or current use of antihypertensive

medications.

All baseline biochemical variables were measured at

study recruitment. Fasting plasma glucose, total cholesterol

(T-C), HDL-cholesterol (HDL-C), triglycerides and creat-

inine were measured with standard automated laboratory

methods (Roche Diagnostics, Milan, Italy).

Creatinine clearance (ml/min/1.73 m2) was calculated

by the Cockroft and Gault formula, corrected for the body

surface area. Hypercholesterolemia was defined as fasting

T-C levels C 200 mg/dl or use of medications; hypertri-

glyceridemia was defined as fasting triglycerides lev-

els C 150 mg/dl or use of medications.

Glycated haemoglobin (HbA1c) was measured using an

automated high-performance liquid chromatography

(HPLC) analyzer (Diamat; Bio-Rad Laboratories, Milan,

Italy); normal range values in our laboratory are 4–6%.

Plasma levels of tHcy and folate/vitamin B12 were

assessed by the use of commercially available kit for HPLC

measurements (Bio-Rad, Italy) and Simul-TRAC-SNB

125I-RIA (DRG Diagnostics, Germany), respectively.

MTHFR C677T genotyping

All participants were genotyped for the MTHFR C677T

polymorphism. Briefly, genomic DNA, extracted from total

blood with standard methods, was amplified by polymerase

chain reaction (PCR), using the primers specified by Frosst

et al. [5]. The PCR products were digested with Hinf I

(MspI, MBI Fermentas, Lithuania) restriction enzyme,

separated by electrophoresis on agarose gel and visualized

in ultraviolet light.

Assessment of macroangiopathy

Macroangiopathy was defined as a composite end-point

[12, 13] including documented myocardial infarction,

ischaemic heart disease, coronary heart bypass, coronary
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angioplasty, cerebral thromboembolism and peripheral

amputations, or by Minnesota codes 1�1–3, 4�1–4, 5�1–3 at

a standard ECG [14].

Statistical analysis

Statistical analysis was performed using the SPSS package,

version 13.0. Natural logarithmic transformations were

used for positively skewed variables such as tHcy, folate

and vitamin B12. In the descriptive analysis, these vari-

ables were expressed as geometric means. Univariate

inferential statistics were produced by means of the v2-test

for categorical variables and the t-test for continuous

measures. One-way ANOVA and GLM were used for

univariate unadjusted and multivariate-adjusted analysis,

respectively, to investigate possible statistical differences

of tHcy, folate and vitamin B12 within the MTHFR

genotype categories. The interaction between MTHFR and

sex on long-term cardiovascular complications was also

investigated.

Univariate and multivariate unconditional logistic

regressions were performed to quantify the risk (OR) of

developing macroangiopathy based on the presence of mild

hyperhomocysteinemia (tHcy C 15 lmol/l) and MTHFR

TT genotype. The effect of tHcy increments by 5 lmol/l on

complications was ascertained as well.

In the multivariate analysis, the effect of tHcy and

genotype was controlled for age, gender, creatinine clear-

ance, vitamin B12, folate, smoking, hypertension, high

cholesterol levels, diabetes duration and HbA1c. All sta-

tistical comparisons are two-tailed, and they were consid-

ered significant at the P \ 0.05 level.

Results

Baseline clinical and demographic characteristics of the

216 type 2 diabetic patients attending the two outpatient

clinics who completed the follow-up evaluation are given

in Table 1. Overall, type 2 diabetic subjects (mean age of

63 years) were obese/overweight with an acceptable met-

abolic control (mean HbA1c:7.2%) and renal function

(creatinine clearance: 82 ml/min/1.73 m2), despite the rel-

atively long duration of the disease (mean 11 years).

Overall, 32.4% of subjects were current smokers, 58.6%

had hypertension, 25.0 and 17.6%, respectively, had high

T-C or high triglycerides values or were under medications

for these conditions.

As shown in Table 2, mean baseline tHcy plasma

levels were within the normal laboratory range (12.71 ±

5.94 lmol/l), and they were significantly higher in diabetic

men than in diabetic women (P = 0.003); conversely,

diabetic men had significantly lower concentrations of

folate and vitamin B12 when compared to women

(P \ 0.001, for both comparisons).

The MTHFR C677T genotype distribution did not differ

from the frequencies predicted by Hardy–Weinberg equi-

librium, and it was comparable between men and women

with diabetes, with a TT homozygous frequency of 25% in

both groups (Table 2).

Baseline tHcy levels (lmol/l) were [geometric mean and

(95% CI)] 11.6 (10.78–12.47) in CC, 11.87 (11.12–12.68)

in CT and 12.17 (10.86–13.63) in TT subjects; and folate

levels (ng/ml) were 3.8 (3.31–4.36) in CC, 3.43 (2.95–

3.89) in CT and 2.96 (2.57–3.38) in TT subjects; these

differences were not statistically significant (P [ 0.05 for

all comparisons); no differences in vitamin B12 concen-

trations [493.92 (436.51–549.54) pg/ml in CC, 566.72

(512.86–602.55) pg/ml in CT and 541.83 (478.63–608.69)

pg/ml in TT subjects] were noted according to genotype.

Similar results were also obtained performing a separate

sex-analysis (data not shown).

Overall, hyperhomocysteinemia (tHcy C 15 lmol/l) [15]

was diagnosed in 21.3% of participants; and its prevalence,

as well as that of MTHFR TT genotype, did not signifi-

cantly differ in diabetic subjects with (n = 10; 4.6%) or

without macroangiopathy (n = 206; 95.4%) at baseline

evaluation (data not shown).

We evaluated the role of mild hyperhomocysteinemia

and the MTHFR variant as risk factors for the development

of CVD only in subjects free of that complication at

baseline. Over a mean follow-up of 65 ± 9 months, there

Table 1 Clinical and demographic characteristics of type 2 diabetic

subjects participating in the study

n 216

Males (n) 104

Age (years) 63.1 ± 11.1

BMI (Kg/m2) 29.5 ± 5.7

Systolic blood pressure (mmHg) 139.8 ± 18.0

Diastolic blood pressure (mmHg) 80.5 ± 10.9

Diabetes duration (years) 11.0 ± 8.4

Fasting plasma glucose (mg/dl) 157.6 ± 50.1

HbA1c (%) 7.2 ± 1.4

Creatinine (mg/dl) 0.9 ± 0.2

Creatinine clearance (ml/min/1.73 m2) 82.0 ± 25.5

Total cholesterol (mg/dl) 207.6 ± 40.4

HDL cholesterol (mg/dl) 52.5 ± 16.0

Triglycerides (mg/dl) 148.3 ± 123.1

Current smokers (%) 32.4

Hypertension (%) 58.6

Hypercholesterolemia (%) 25.0

Hypertriglyceridemia (%) 17.6

Data are n, means ± SD or %
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were 35 (16.5%) incident cases of any CVD (49 new cases

per 1,000 person-years).

Baseline hyperhomocysteinemia and the prevalence of

MTHFR TT genotype were not associated with macroan-

giopathy incidence at follow-up, at either univariate or

multivariate analysis: the prevalence of hyperhomocy-

steinemia in those with vs. those without this complication

at follow-up was 28.6% vs. 19.9% (P [ 0.05). Similarly,

TT genotype was present in 17.1% vs. 26.9% (P [ 0.05) of

those with or without macroangiopathy at follow-up.

Both hyperhomocysteinemia and MTHFR TT genotype

were not significant risk factors (OR and 95% CI) for the

onset of macrovascular disease, either at univariate or

multivariate analysis, after adjusting for major determi-

nants of tHcy levels, specifically identified in this popula-

tion, as well as for major CVD risk factors (Table 3).

Although the prevalence of hyperhomocysteinemia was

higher in men (26.9%) than in women (16.1%; P [ 0.05),

similar results were also obtained when a separate sex-

analysis was performed (Table 3). Furthermore, the test for

sex-MTHFR genotype interaction on the risk for macro-

angiopathy was not significant (P for the interaction

term [ 0.05)

Moreover, each 5 lmol/l increment of tHcy plasma

levels was not associated with an increased risk of

macroangiopathy [adjusted ORs (and 95% CI) were 0.77

(0.46–1.31)].

At the multivariate analysis (Table 4), which included

in the model baseline values of several potential risk

factors, only creatinine clearance [OR (and 95% CI) 0.96

(0.93–0.99)] was a significant risk factor for the develop-

ment of macroangiopathy in this cohort.

Discussion

In this prospective study of a cohort of outpatient facility

type 2 diabetic subjects, we did not find any significant

association between high baseline tHcy plasma levels and/

or homozygosis for the MTHFR C677T polymorphism and

the incidence of macroangiopathy after a *5 years of

follow-up.

In general population, the potential impact of hype-

rhomocysteinemia and the MTHFR mutation on CVD

Table 2 Baseline tHcy,

vitamin B12 and folate plasma

levels and MTHFR C677T

genotype distribution in diabetic

men and women participating in

the study

Data are n, % and geometric

means ± SD. Only significant P
are shown

Type 2 diabetic

men

Type 2 diabetic

women

P

n (%) 104 (48) 112 (52) –

tHcy (lmol/l) 14.0 ± 7.0 11.5 ± 4.4 0.003

Folate (ng/ml) 3.4 ± 2.0 4.6 ± 2.8 \0.001

Vitamin B12 (pg/ml) 547.6 ± 251.7 651.7 ± 315.3 \0.001

MTHFR CC n (%) 25 (24) 30 (27) –

MTHFR CT n (%) 53 (51) 54 (48) –

MTHFR TT n (%) 26 (25) 28 (25) –

Table 3 ORs (95% CI) for the incidence of macroangiopathy

according to baseline hyperhomocysteinemia (tHcy C 15 lmol/l) and

MTHFR TT genotype in diabetic men and women participating in the

study

n OR univariato OR multivariato*

Hyperhomocysteinemia

All 216 1.61 (0.71–3.65) 1.01 (0.38–2.72)

Men 104 1.80 (0.58–5.52) 2.50 (0.47–13.35)

Women 112 1.50 (0.43–5.20) 1.18 (0.76–3.30)

MTHFR TT genotype

All 216 0.57 (0.22–1.47) 0.52 (0.18–1.47)

Men 104 0.38 (0.08–1.80) 0.24 (0.04–1.59)

Women 112 0.77 (0.23–2.54) 0.71 (0.19–2.69)

Data are OR (95% CI). Only significant P are shown

* Adjusted for age, gender, creatinine clearance, vitamin B12, folate,

smoking, hypertension, high cholesterol levels, diabetes duration and

HbA1c

Table 4 ORs (95% CI) for the incidence of diabetic macroangio-

pathy according to potential risk factors

ORs (95% CI)

for macroangiopathy

Hyperhomocysteinemia 1.01 (0.37–2.82)

MTHFR TT 0.46 (0.15–1.38)

Age 1.00 (0.96–1.05)

Creatinine clearance 0.96 (0.93–0.99)*

Folate 0.92 (0.78–1.10)

Vitamin B12 0.99 (0.98–1.00)

Smoking 2.124 (0.82–5.48)

Hypertension 1.44 (0.58–3.60)

Hypercholesterolemia 1.77 (0.72–4.38)

Hypertriglyceridemia 1.54 (0.55–4.31)

Gender 1.57 (0.62–3.40)

HbA1c 0.95 (0.69–1.32)

Diabetes duration 0.99 (0.94–1.05)

Only significant P are shown. * P = 0.004
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outcomes has been largely investigated [16], but it is still

not clear whether these factors may contribute to increase

CVD in high-risk cohorts such as those with diabetes.

In diabetic subjects, mild hyperhomocysteinemia has

been variably associated with macrovascular complications.

In one of the first studies, Araki et al. [17] found higher

tHcy plasma levels in type 2 diabetic subjects with mac-

roangiopathy than in those without that complications.

Furthermore, in the Hoorn Study [1], high circulating tHcy

plasma levels were associated with a higher CVD risk in

diabetic individuals than in those with impaired or normal

glucose tolerance. However, not all the studies were con-

cord with these findings, and other authors failed to show

any difference in tHcy concentrations between type 2

diabetic subjects with or without macroangiopathy [18].

In prospective studies, mainly conducted in North

European cohorts, hyperhomocysteinemia has been also

associated with a higher CVD risk and a higher total

mortality [19, 20], although these results were not con-

firmed by a German study, after taking into account vita-

min levels and MTHFR genotype [21].

Thus, despite the numerous studies that have tested the

‘‘homocysteine hypothesis’’, the causal association between

hyperhomocysteinemia and CVD risk is still debated, both

in diabetic [2, 3] and in general population [22, 23].

Methodological differences in the assessment of CVD,

differences in the baseline characteristics of subjects, and,

above all, a different study design may account for the

discrepancies between these results.

Part of the controversy in the literature may also lie on

the lack of complete information on factors regulating tHcy

levels specifically in the setting of diabetes, since these

factors may act as potential confounders when evaluating

the role of hyperhomocysteinemia in diabetic long-term

complications.

Although well-defined in the general population, deter-

minants of tHcy plasma concentration have not been fully

elucidated in diabetic subjects, since diabetes-related

variables, i.e. insulin resistance, metabolic control and oral

hypoglycaemic drugs, may specifically modulate the con-

centration of this amino acid [7, 10, 24].

In a large cohort of type 2 diabetic subjects, we reported

that age, creatinine, folate, vitamin B12 and to a minor

extent, sex, smoking, MTHFR TT genotype and systolic

BP were significantly associated with circulating tHcy

levels, whereas no significant associations were noted with

diabetes-related variables [7]. Furthermore, similar to the

results reported in the Framingham Offspring cohort [25], a

significant sex-MTHFR genotype interaction on tHcy

concentration was also noted in diabetic subjects [7].

After accounting for all significant correlates, as well as

other major CVD risk factors, the results of the present

study conducted on a subset of that same cohort [7] show

that hyperhomocysteinemia is not a major risk factor for

the development of macroangiopathy, either in men or in

women with type 2 diabetes.

The common MTHFR C677T mutation has also been

proposed as a genetic risk factor for CVD. In general

population, however, it has been reported that the TT

genotype is at the most a weak predictor for CVD [6].

Also in diabetic subjects, the MTHFR mutation has been

associated, although not consistently [26, 30] with macro-

angiopathy. However, in accordance with data from Cau-

casian populations [29, 30], our findings do not support this

hypothesis. The lack of significant association of MTHFR

mutation with CVD outcomes was also confirmed after

conducting a sex-specific analysis, despite sex-genotype

interactions with MTHFR polymorphism have been

reported both in general [25] and in diabetic populations

[7].

Although a different genetic background may partly

account for the differences between some of the positive

studies [26–28] and our results, the most likely explanation

is that MTHFR TT genotype, by modestly increasing tHcy

levels, does not influence the natural history of macro-

vascular complications in type 2 diabetes.

Since a major shortcoming of our study is the relatively

small number of incident CVD events at the follow-up

evaluation, probably due to the acceptable metabolic and

CVD risk factors control of our patients, it cannot be

excluded that the association between high tHcy levels,

MTHFR TT genotype and macroangiopathy would become

significant with a longer follow-up.

However, this is not a likely scenario, since macrovas-

cular complications may be already present at the diagnosis

of diabetes, and up to 1/3 of patients remain undiagnosed

until long-term complications appear.

Moreover, since our population has been regularly vis-

ited in the outpatient facility of our hospitals, it may be not

representative of general diabetic population. However, the

results of our study, conducted in a typical outpatient

clinical setting, are in agreement with the emerging

hypothesis that hyperhomocysteinemia is rather a marker

than a causal factor associated with CVD [22, 23], an

hypothesis that has gained support from the results of

recent intervention trials not confirming the beneficial

effects of tHcy lowering with B-vitamins on CVD out-

comes [31, 32], even in subjects with diabetes [31].

Conversely, we found that renal function, i.e., creatinine

clearance, was a significant predictor of the development of

macrovascular disease in this population. Serum creatinine

and glomerular filtration rate have been conclusively

shown to be significant correlates of tHcy levels [4], and

we have demonstrated that creatinine clearance is the pri-

mary determinant of tHcy levels also in type 2 diabetic

patients [7]. Furthermore, a reduced glomerular filtration
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rate (GFR) has been associated with high CVD morbidity

and mortality in the general population and in several

cohorts of type 2 diabetic subjects [33, 34].

In conclusion, mild hyperhomocysteinemia and the

common MTHFR TT mutation do not predict the incidence

of macrovascular complications in a cohort of type 2 dia-

betic patients, whereas an impaired renal function was

confirmed as significant CVD risk factor in this population.
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