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Homocysteine and cardiovascular disease in diabetes mellitus
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Abstract

Background: Patients with diabetes mellitus (DM) have 2- to 6-fold increase in the prevalence of cardiovascular disease (CVD)
compared to non-DM subjects. Epidemiological data show that DM is synergic with other conventional risk factors. Total plasma
homocysteine (tHcy) is an emerging CVD risk factor. We reviewed the literature to explore the relation between tHcy and CVD
in patients with DM. Methods: We searched the MEDLINE database for articles on homocysteine, DM and CVD published from
January 1991 to October 2000. Results: The mean plasma tHcy level is usually low or normal in DM patients, except when
nephropathy is present. Levels in that case tend to be higher than in non-DM patients. An independent association with tHcy and
CVD was shown in retrospective studies, for DM patients. Prospective studies showed an association between elevated tHcy and
all cause mortality in DM patients. In general, the association between elevated levels of tHcy and the outcome was stronger than
in non-DM individuals, for all types of study. Discussion: To date, there are no prospective work that specifically examined the
relationship between levels of tHcy and the presence of CVD in the DM population. Nor are there studies to show that treating
elevated tHcy results in a reduction of CVD events. Such studies are ongoing. Nevertheless, since hyperhomocysteinemia is
potentially reversible with vitamin therapy, interaction of DM with high levels tHcy on the risk of CVD may have consequences
with regard to management of primary and secondary prevention in DM patients who are at particularly high risk of CVD events.
© 2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Diabetes mellitus (DM) is a major risk factor for
cardiovascular disease (CVD) [1–3]. Epidemiological
data especially from the Framingham Heart Study and
the Multiple Risk Factor Intervention Trial clearly
show the independent contribution of diabetes to car-
diovascular risk, and the further incremental risk when
other conventional risk factors such as lipids, smoking
and hypertension are present [4–7]. Diabetic patients
have 2- to 6-fold higher prevalence of atherosclerosis
compared to non-diabetic patients [8–10]. For diabetic
patients without previous myocardial infarction (MI),

the 7-year incidence of MI was equivalent to that
observed in non-diabetic patients with previous MI, in
a recent study from Finland [11]. Patients with diabetes
also have a higher mortality rate after their first MI
than non-diabetics [12]. After a first cardiac event, 50%
of patients with diabetes may die in the first year, and
half of those who die do so before reaching the hospi-
tal. This suggests that primary prevention can play an
important role in reducing the incidence of fatal and
non-fatal coronary heart disease in diabetic subjects.

Based on this data, the Prevention Conference V
Writing Group recently made the recommendation that
type II diabetes be described as ‘CHD risk equivalent’
in terms of risk factor management, meaning that the
current AHA guidelines for risk factor management of
patients with established coronary disease should prob-
ably be extended to patients with type II diabetes
without coronary disease [13].
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Over the last decade, multiple other factors have
been identified as potential contributors for CVD. As
shown by observational studies, an increase in total
plasma homocysteine (tHcy) is one of these new factors
[14–57], along with systemic inflammation, coagulation
factors, oxidative stress, ventricular hypertrophy and
various dyslipidemia subtypes [58,59].

These conventional or new risk factors may work
synergistically with diabetes in promoting CVD. The
relationship between plasma homocysteine and the ex-
cess of CVD in diabetic patients remains to be clarified.
A recent study on 1550 subjects revealed that an ele-
vated tHcy concentration was not only an independent
risk of vascular disease but also had a multiplicative
effect on risk among cigarette smokers and patients
with hypertension [38]. This study, however, excluded
patients with diabetes. It is also possible that high levels
of plasma tHcy and diabetes together confer a multi-
plicative risk for CVD. The purpose of this review is
therefore to explore the relation between homocysteine
and CVD in patients with DM.

2. Methods

2.1. Data sources and study selection

We reviewed the scientific literature for all epidemio-
logical studies on CVDs (also using the terms coronary
artery disease, heart disease and atherosclerosis) and
homocysteine in DM. All types of diabetes were consid-
ered according to the relatively small number of studies

expected on the topic. We searched the MEDLINE
database for articles published from January 1991 to
October 2000 and identified additional studies by exam-
ining bibliographies of original articles, review articles,
and textbooks. All prospective cohort, case-control and
cross-sectional studies were considered, but case reports
and series were not included.

A formal meta-analysis was not performed given the
lack of homogeneity of the different studies in terms of
patient selection, types of diabetes, number of patients
and controls, study designs, definition of hyperhomo-
cysteinemia, measuring techniques of plasma homocys-
teine levels, outcome definition and measurements, and
statistical analysis.

3. Results

3.1. Metabolism of homocysteine

Homocysteine, a sulfur-containing amino acid, is a
product of methionine metabolism. It lies at the inter-
section of two major pathways: remethylation and
trans-sulfuration (Fig. 1) [60–62]. During the first path-
way, homocysteine is remethylated in a process that
requires methyltetrahydrofolate as a cosubstrate
(methyl donor). This chain of reactions requires an
adequate supply of folate and vitamin B12 and func-
tional integrity of the enzymes methylenetetrahydrofo-
late reductase (MTHFR) and methionine synthase
(MS). In the reaction of trans-sulfuration, homocys-
teine is irreversibly transformed to cystathionine in a

Fig. 1. Homocysteine metabolism: the major routes of homocysteine conversion (remethylation and trans-sulfuration) are shown. MTHFR:
methylenetetrahydrofolate reductase; MS: methionine synthase; CBS: cysthathionine �-synthase; BHMT: betaine-homocysteine methyltransferase;
THF: tetrahydrofolate and DMG: dimethylglycine.
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process requiring the vitamin B6 derivative (pyridoxal
5-phosphate) as a co-factor. This reaction is catabolized
by cystathionine �-synthase (CBS).

3.2. Determinants of hyperhomocysteinemia

The plasma concentration of tHcy is determined by
several factors, both genetic and acquired [47,57,61–
68]. The most important include: (1) genetic defects in
the genes encoding for enzymes of homocysteine
metabolism; CBS, MTHFR, or any of the enzymes
participating in the synthesis of methylated vitamin B12.
Of these disorders, defects in the gene encoding for
CBS, lead to the classic form of congenital homocystin-
uria, which leads to extreme plasma tHcy level and
homocystinuria in homozygous patients or mild-moder-
ate hyperhomocysteinemia in heterozygous subjects.
Less severe hyperhomocysteinemia may also be due to
a genetic variant of an enzyme, such the thermolabile
variant, a mutation in the gene encoding MTHFR that
has recently been described. This mutation (C677T)
results in the substitution of an alanine residue by
valine, rendering the enzyme both thermolabile and less
active, which leads to an increase in tHcy levels espe-
cially in low folate conditions. (2) Aging, which could
lead to an increase in levels of plasma tHcy, perhaps as
a result of an age-dependant reduction of enzymatic
metabolism or alteration of the renal function. (3)
Gender; men have higher tHcy levels than women,
probably due to greater muscle mass or different hor-
mone patterns, levels in post-menopausal women ap-
proximate those in men. (4) Deficiency of nutritional
factors such as folate, vitamin B12 and vitamin B6,
which appear to have a close negative correlation with
tHcy levels. (5) Finally, renal dysfunction, which is
intimately related to hyperhomocysteinemia, as dis-
cussed later in this article.

These factors influencing plasma homocysteine levels
must be kept in mind when analyzing results from
various studies involving homocysteine. They may be
important confounding factors if they vary between the
different groups studied and if they are also potentially
related to the outcome under the scope [69]. In practice,
however, studies rarely control for genetic factors.

3.3. Measurement of homocysteine

Plasma tHcy measurement includes free homocys-
teine (which accounts for �1% of homocysteine in
plasma), the oxidized forms of homocysteine and ho-
mocysteine–cysteine (20–30%), and the protein bound
form (about 70–80%). Together, these forms consist of
tHcy [47]. Several techniques are currently used to
assess plasma tHcy levels. Most are based on chro-
matographic techniques; high-performance liquid chro-
matography (HPLC) is the most widely used [70,71].

The coefficient of variation of this technique is 1.1%
within-assay, 2.1–11.4 between-assay and 3.2% within-
pair quality-control specimens [14,18]. Recently, simple
and relatively inexpensive immunoassays became also
available. They may eventually allow a more wide-
spread measurement of plasma homocysteine levels in
clinical laboratories [72].

Plasma homocysteine levels are usually measured in
the fasting state but can also be measured after a
methionine load, a method that may be more sensitive
for detecting mild disturbances. This test may uncover
39% of subjects with otherwise normal basal plasma
levels of homocysteine [57,73].

The so-called ‘normal’ plasma homocysteine levels
usually range from 5 to 15 �mol/l. Moderate, interme-
diate and severe hyperhomocysteinemia refer to levels
ranging from 16 to 30, 31 to 100 and �100 �mol/l,
respectively. However, the definition of hyperhomocys-
teinemia is not standardized, and differences may exist
in the literature for the reference levels [74].

3.4. Hyperhomocysteinemia and cardio�ascular disease
in the general population

An elevated plasma level of homocysteine was first
suspected to be associated with atherogenic and throm-
bogenic tendencies in patients with classic homocystin-
uria. This is a rare autosomal recessive disease caused
in many cases by CBS deficiency that results in very
high plasma tHcy levels (as high as 400 �mol/ml) and
urinary homocysteine excretion. This markedly elevated
plasma concentration of tHcy is associated with early
onset atherosclerosis and life-threatening thrombotic
episodes [61,62,75,76]. It has also been shown that
milder degrees of hyperhomocysteinemia are associated
with an increased risk of developing vascular disease as
well.

Experimental studies (both in vivo and in vitro) have
demonstrated that high plasma concentrations of tHcy
may cause vascular damage and alteration in the coagu-
lation process [77–103] (Table 1). Moreover, observa-
tional studies published mainly over the last decade
have revealed that an elevated total plasma tHcy con-
centration is also associated with thrombogenic and
cardiovascular disorders in the general population [14–
57]. This association seems to be independent from
other known risk factors in cross-sectional and case-
control studies. The findings are less consistent in some
of the prospective studies [104–111]. Nonetheless, in
the meta-analysis of Boushey et al., an increase of 5
�mol/l in serum homocysteine enhanced the risk for
CVD by 1.6- to 1.8-fold [29]. Furthermore, Omenn et
al. [44] calculated a ‘best estimate’ for the increased risk
of CAD mortality associated with elevated plasma lev-
els of tHcy. The authors compared RR between homo-
cysteine levels of �15 and �10 �mol/l, after
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Table 1
Vascular effects associated with high levels of homocysteine

Atherogenic effects Thrombogenic effects

Direct endothelium damage, due to homocysteine accumulation in Reduced level of protein C, a natural anticoagulant involved in the
modulation of factor V and VII activity in the coagulation cascadeendothelial cells
Inhibition of von Willebrand factor processing and secretionDecrease bioavailable NOa

Increase in thromboxane synthesisGeneration of free radicals and increase in oxidative stress
Increase in the production of Ox-LDL.b Enhanced uptake of Platelet activation and aggregation

Ox-LDL by macrophages and formation of foam cells in arterial
wall

Dysfunction of the vascular endothelium Attenuation of the antithrombotic properties of the endothelium
Increase proliferation of vascular smooth-muscle cells Reduction in serum antithrombin activity and a reduction of TMc,

which links thrombin
Thrombin generation

a Nitric oxide.
b Oxidized low-density lipoprotein.
c Thrombomodulin.

adjustment for other cardiovascular risk factors, and
suggested that such risk difference was similar to that
between total cholesterol levels of 7.1 and 4.9 mmol/l
(275 and 189 mg/dl).

Thus, clinical, experimental, and epidemiological evi-
dence all tend to suggest a link between plasma tHcy
and CVD. However, the conclusion that an elevated
plasma homocysteine level is an independent risk for
CVD remains to be proven in controlled clinical trials
demonstrating that a reduction in serum tHcy levels
will reduce the risk of CVD. There are several ongoing
randomized trials in US, Canada, Australia and Europe
(�60000 patients currently enrolled) examining the
effects of lowering tHcy, by vitamin supplementation,
on cardiovascular morbidity and mortality [57]. Before
the conclusions of those trials will be published, caution
is warranted in extrapolating epidemiological data, as
suggested by the Canadian Task Force on Preventive
Health Care [104].

In addition, the American Heart Association [112],
the International Task Force on the Prevention of
Cardiovascular Diseases [113] and the Canadian Car-
diovascular Society [114] all agree that results of ongo-
ing clinical studies must be obtained before making
change in public health policy for screening and treat-
ment of hyperhomocysteinemia. As declared by the
Nutrition Committee of the American Heart Associa-
tion, routine screening of hyperhomocysteinemia is not
recommended for the purpose of risk assessment on a
population-wide basis and emphasis should be placed
on meeting current recommended daily allowance
(RDAs) for folate, vitamin B6 and vitamin B12, pro-
vided by a balanced diet focusing on fruit and vegeta-
bles, legumes, meat, fish and poultry as well as grain
products [112].

The recent complementary approach instituted by the
US Food and Drug Administration and Canadian
Government, requiring that all enriched cereal grains

products be fortified with folic acid may eventually help
in maintaining lower tHcy concentration in the general
population and also the prevalence of hyperhomocys-
teinemia due to vitamin deficiency. In fact, a study of
the Framingham Offspring cohort recently showed sub-
stantial increase in folate status, significant reduction in
homocysteine levels as well as a reduction in the preva-
lence of hyperhomocysteinemia of almost 50% by for-
tified enriched grain products [115].

In contrast to what has been stated for the general
population, the Nutrition Committee of the AHA and
the Writing Group I of the Prevention Conference V,
suggest that screening of hyperhomocysteinemia may
be advisable in selected high-risk group of patients, e.g.,
with personal or family history of premature CVD
without other known risk factors [13,112].

Simple, safe, inexpensive and easily available treat-
ment can decrease homocysteine levels. Most patients
respond to multivitamin therapy within 2–6 weeks,
irrespective of the cause of elevated tHcy levels. In
addition, folic acid alone or combined with vitamin B12

or B6, reduces plasma tHcy levels even in persons who
are not frankly vitamin deficient [57].

3.5. Renal function and homocysteine

Impaired renal function is associated with high
plasma homocysteine concentrations. In fact, levels of
tHcy are 2- to 4-fold higher in patients with chronic
renal failure (CRF) than in the general population
[116]. Although, there are also possibly extrarenal dis-
turbances (presumably hepatic) in the metabolism of
homocysteine due to uremic environment in CRF, im-
paired renal function is a particularly important deter-
minant of homocysteine levels [117]. In normal kidneys,
plasma amino acids are first filtered in glomeruli then
reabsorbed almost completely in tubules and finally
degraded in renal parenchyma via trans-methylation
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and trans-sulfuration [118]. Bostom showed that
degradation in renal tissue following tubular reabsorb-
tion of tHcy accounts for a major fraction of total
clearance of plasma homocysteine in the rat [119]. It
was therefore suggested that the reduced metabolic
capacity of the kidney tissue might be rate limiting for
renal tHcy clearance and might explain the elevation
of plasma tHcy seen in human end stage renal disease
[65,120,121]. Wollesen et al. demonstrated that GFR is
an independent determinant of plasma tHcy concentra-
tion and that it is rate limiting for renal clearance of
homocysteine in diabetic patients without overt
nephropathy [122]. They found that impaired renal
function explains the increase in plasma tHcy (inde-
pendently of age, serum vitamins, serum creatinine and
albuminuria) a result that is consistent with other
work [123–140].

The relative hyperfiltration secondary to renal
hyperperfusion, which occurs in early diabetes, may
lead to increased homocysteine catabolism and
may explain the lower than normal mean plasma
tHcy in populations of diabetic patients, consistent
with the findings of Wollesen et al. [122]. As
microalbuminuria is associated with early renal dys-
function, one could expect this marker to be also
associated with hyperhomocysteinemia. Hence, it was
reported in some studies that microalbuminuric DM
patients had higher tHcy values compared with nor-
moalbuminuric patients [141–143]. This positive rela-
tionship was independent of diabetes and hypertension
according to Hoogeveen et al.’s findings [141].
Other investigators, however, have reported that mi-
croalbuminuria alone had no effect on plasma tHcy
[122,132].

Finally, a substantial number of retrospective
[65,131,133–135,138,144] studies of patients with CRF,
with and without dialysis or renal transplant, suggest
that hyperhomocysteinemia is strongly associated with
CVDs. Same results were found by few prospective
studies [145–147]. However, the important topic of
hyperhomocysteinemia and CVD in patients with renal
dysfunction of different origin is not directly under the
scope of the present review.

3.6. Cardio�ascular disease in diabetic patients

DM is associated with a sharp increased risk of
CVD and mortality [7–10,148,149]. It is estimated that
75% of all non-insulin-dependant DM (NIDDM) pa-
tients in the United States die from cardiovascular
complications [148]. Additionally, people with type II
diabetes develop CVD at a younger age, have a higher
rate of diffuse multivessel disease with impaired coro-
nary vasodilatory reserve, and are more likely to de-
velop congestive heart failure (CHF). They also have
poorer outcomes after their first and subsequent MI,

with higher rates of both CHF and death in the post-
infarct period [12,150,151].

Mechanisms underlying the accelerated atherosclero-
sis in DM patients are not fully understood. Increased
body weight (particularly central adiposity), altered
lipid metabolism (hypertriglyceridemia, decreased
HDL cholesterol level and presence of small dense
LDL cholesterol), hypertension and nephropathy may
all contribute, but these adverse cardiovascular risk
factors cannot fully explain the excess in cardiovascu-
lar morbidity and mortality [152,153]. Diabetes dou-
bles the risk of CVD even when controlled for major
known risk factors [7,149]. Gerstein et al. has shown
that a moderately elevated glucose level is a continu-
ous risk factor for MI even in non-diabetic patients
with either normal or impaired glucose tolerance [154].

It has been demonstrated that extended exposure to
hyperglycemia results in the glycosylation of extracel-
lular matrix proteins, which lead to the formation of
advanced glycosylated end products that induce cross-
linking of collagen and extracellular matrix proteins, in
many tissues, including the arterial vessel wall. This
also accelerates generation of reactive oxygen species,
which increase oxidative stress [155,156]. Conse-
quently, diabetic patients present a decreased synthesis
and an increased inactivation of endothelial derived
NO. In addition, vascular endothelial cells and lipo-
proteins in the arterial wall are subject to oxidative
modifications. This leads to increased vessel stiffness,
Ox-LDL binding by scavenger receptors on
macrophages, foam-cell uptake of Ox-LDL, secretion
of platelet-derived growth factor and proliferation of
vascular smooth-muscle cells. Moreover, these modifi-
cations induce endothelial dysfunction and alteration
in haemorrheological characteristics, favoring a
prothrombotic state (increased platelet adhesion/aggre-
gation, increased fibrinogen and plasminogen-activa-
tor-inhibitor-1 (PAI-1) concentrations). All of these
mechanisms may contribute to accelerated atherogene-
sis and increased CAD events seen in patients with
diabetes [157–170].

It also has been shown that in DM the development
of CVD as a consequence of macroangiopathy is often
associated with preceding nephropathy [171–173].
Plasma homocysteine is increased in renal insufficiency
of different origin [123–140]. This has lead to the
suggestion that hyperhomocysteinemia, resulting from
an impairment of renal function, may contribute to the
marked increase in cardiovascular morbidity and mor-
tality observed in DM patients. The hypothesis that
homocysteine may produce endothelial cell damage in
vessels exposed to advanced glycation end products in
vivo has also been suggested by Hofmann et al. [174].
It is possible that in diabetic patients with macrovascu-
lar disease, these abnormalities may in part be medi-
ated or exacerbated by hyperhomocysteinemia.
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3.7. Homocysteine le�els in diabetic patients

In spite of their higher prevalence of CVD compared
with non-diabetic people, the mean plasma tHcy con-
centration is usually low or normal in insulin-depen-
dant DM (IDDM) and NIDDM patients, except when
nephropathy or impaired renal clearance is present
[100–102,107,122,128,132,142,175,176,186,187]. Hof-
mann et al. [174] and Chico et al. [143] in contrast
found elevated tHcy in NIDDM patients, but in both
studies, the vast majority (�80%) of diabetic patients
with fasting elevated tHcy presented nephropathy. As
discussed previously, the impairment of renal function
seen in diabetic patients appears to be the principal
modulator of the homocysteine levels.

Abnormally low levels of plasma tHcy might also be
an effect of abnormal homocysteine metabolism in
diabetics due to endogenous or exogenous factors.
Since insulin has profound effects on amino acid
metabolism, it has been suggested that an acquired
defect in homocysteine metabolism may occur in dia-
betic patients [177]. Fonseca et al. [178] studied the
effect of acute hyperinsulinemia on plasma tHcy con-
centrations and demonstrated that plasma tHcy con-
centrations were not regulated by acute
hyperinsulinemia. Additionally, in the study of Araki et
al. [179], there was no indication that insulin or sul-
fonylureas alter tHcy metabolism. In contrast, met-
formin may induce vitamin B12 malabsorbtion and
thereby increase the serum tHcy level [180,181]. Never-
theless, Hoogeveen et al. has not found an important
effect of metformin on serum tHcy levels in subjects
with NIDDM [182].

3.8. Hyperhomocysteinemia and cardio�ascular disease
in diabetes mellitus

3.8.1. Cross-sectional and case-control studies
A recent Japanese study of 145 men and woman,

without overt renal dysfunction (serum creatinine �
114.9 �mol/l or 1.3 mg/dl), admitted for coronary
angiogram to evaluate suspected CAD [183], reported
that homocysteine correlated strongly with the CAD
score only in the group of DM patients (approximately
one third of patients). Other variables such as age,
BMI, creatinine and lipid profile did not correlate with
the CAD score in either group. Also, the CAD score
for patients with elevated tHcy was higher than in
patients with normal homocysteine levels. Highest re-
sults were found in DM patients with hyperhomocys-
teinemia. Age-adjusted OR of coronary artery stenosis
in patients with elevated tHcy relative to patients with
normal tHcy was 2.0. In the DM group, this ratio was
increased up to 6.6. In addition, logistic regression
analysis adjusting for age, CV risk factors and crea-
tinine, showed that plasma tHcy level was indepen-

dently associated with the CAD score in the DM
group, but not in the non-DM group. These results
suggest there might exist an independent relationship
between hyperhomocysteinemia and increased risk of
coronary artery disease in patients with DM. Further-
more, it also suggests that DM may interact with
homocysteine conferring a multiplicative risk of CAD.
Nevertheless, this cross-sectional study did not control
for vitamin status, an important determinant of homo-
cysteine level and a possible independent determinant
of cardiovascular status [24,32,46,107,184–189]. It may
be a particularly important confounding factor when a
group of DM patients are compared to non-DM sub-
jects, since the nutritional composition of their diet may
have noticeable differences. This study was also made
with a relatively small number of diabetic patients;
which also lessens the strengths of the conclusions
(Table 2).

Another recent study, with a comparable number of
subjects but all stable DM patients without major renal
dysfunction (serum �130 �mol/l or 1.5 mg/dl), showed
significantly higher fasting tHcy levels in subjects with
history of CAD vs those without CAD [190]. Addition-
ally, the prevalence of CAD was 19% in the lower
quartile of fasting tHcy vs 55% in the top quartile, and
there was a significant increase in the prevalence of
CAD with increasing quartile of fasting Hcy. The cal-
culated OR for CAD in the highest quartile vs the
lower quartile was 5. Moreover, after adjustment for
age and family history, fasting tHcy was independently
associated with coronary artery disease in regression
analysis. However, important variables were not in-
cluded in the statistical model, such as sex, vitamin
status (folate, vitamin B12 and pyridoxine), as well as
clearance of creatinine. Those variables were correlated
with homocysteine levels, and could have been impor-
tant confounding factors of the outcomes. Finally, the
absence of a group of non-diabetic patients limits our
interpretation regarding the extent to which determi-
nants of the interaction between hyperhomocysteinemia
and CVD may behave in a manner that is typical for
DM patients.

An additional study from the Netherlands [191], ex-
amined 631 adults of the city of Hoorn (of which 173
had DM and 170 were glucose intolerant) who were
randomly sampled. It was shown that a 5-�mol/l incre-
ment of serum tHcy is associated with an increased risk
of CVD. The adjusted OR (for age, sex, CV risk factors
and creatinine) was 1.4, which was of similar magnitude
in each of the vascular beds examined (coronary, pe-
ripheral and cerebral). After stratification by glucose
tolerance category, the adjusted ORs per 5-�mol/l in-
crement in serum tHcy of CVD were 1.4 in normal
glucose tolerance group, 1.6 in impaired glucose toler-
ance group and 2.3 in DM patients. Although this was
a cross-sectional study, which cannot resolve the tem-
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poral and causal relationship between homocysteine
concentration and CVD and that vitamin status was
once more not included in the statistical model, these
results also tend to suggest that high serum tHcy is a
stronger (1.6-fold) predictor of risk for CVD in DM
patients than in patients with normal or impaired glu-
cose tolerance.

Munshi et al. [192] reported a case-control study of
28 DM men under 60 years old, without renal dysfunc-
tion (serum creatinine�125 �mol/l or 1.4 mg/dl) or
vitamin deficiency compared to18 healthy volunteers. It
was shown that post-methionine load (PML) hyperho-
mocysteinemia occurred with significantly greater fre-
quency in DM patients than in controls. Peak plasma
homocysteine after a methionine load was also more
often elevated in DM patients with CVD than without

CVD, although not significantly. The calculated OR for
CVD (coronary, peripheral and cerebral) was 1.5 for
DM patients with elevated tHcy vs DM without ele-
vated tHcy. Peak and 24-h plasma homocysteine fol-
lowing a methionine load were also significantly higher
in DM patients with CVD than in controls but no
significant difference was found between the groups of
diabetics with CVD vs those without CVD (data not
shown). This study was conducted with a very small
number of subjects, however, which lessens the power.
It is possible that the difference in homocysteine levels
in DM patients with macrovascular disease vs those
without could have been statistically significant with a
greater number of patients or if basal levels of tHcy
have been used instead of PML. Some DM patients
without overt vascular disease and normal basal tHcy

Table 2
Cross-sectional and case-control studies of homocysteine and CVD in DM

Main resultsParticipants (N) tHcy (�mol/l)bReference Age (year)a

64.1�10.3145 (46 DM, all �) OR (age-adjusted)=2.013 (P=0.042) for �1 stenotic (75%) artery[183] 13.1�4.0
in all patients with elevatedc tHcy vs normal tHcy. OR=6.632
(P=0.065) for the DM group and OR=1.566 (P=0.191) in the
non-DM group
In stepwise logistic regression analysisd, tHcy was independently
associated with CAD score in DM group, P=0.026 (not in
non-DM group)

150 (all DM) 56.6�10.2 Prevalence of CAD was 19.4% in lowest quartile of fasting Hcy vs[190] No CAD 10.0
55% in highest quartile, with stepwise increase in prevalence of(4–32)
CAD with increasing quartilee (P�0.01 for trend)
OR (calculated)=5.078, for CAD in the highest quartile vs lowerCAD 13.0 (7–26)

(P=0.02)
In multiple regression analysisf, fasting Hcy was independently
associated with presence of CAD (P=0.02)

631 (NGTg: 288; Adjustedi OR=1.39 (1.15, 1.68) for CVD, per 5-�mol/l increment[191] 64.3�7.2 11.4 (9.4–14.1)
IGTh: 170; DM: 173 of tHcy. OR=1.38 (1.03–1.85) in NGT, OR=1.55 (1.01–2.38) in

IGT, and OR=2.33 (1.11–4.90) in DM (P=0.07 for interaction)
28 DM (all �) 47.9�7[192] DM+CVD: PMLj tHcy was elevatedk in 32% of DM patients (27% without

9.5�2.5 CVD and 35% with CVD) vs 5.5% of healthy controls (P�0.02)
OR (calculated)=1.455, of CVD for DM with elevated PML tHcyDM No CVD:

9.3�3.2 vs DM without elevated PML tHcy
18 CTRL (all �) 42.8�4 CTRL 9.2�3.7

[179] 136 DM 64.4�10.5 DM+CVD: In DM patients, multiple logistic regression analysisl showed that
log-transformed tHcy was associated with CVD (P=0.010)10.8�3.8

DM No CVD
8.3�3.1m

90 CTRL CTRL 7.5�2.1m64.6�9.8

a Mean�S.D.
b Mean�S.D. or Median (range).
c �14 �mol/l.
d Adjusted for age, HTN, current smoking, BMI, total cholesterol, HDL, LDL, Lp(a), fibrinogen, creatinine.
e �9, 9–11, 11–14, �14.
f Adjusted for age and family history of CAD.
g Normal glucose tolerance.
h Impaired glucose tolerance.
i Adjusted for age, sex, HTN, hypercholesterolemia, smoking and creatinine.
j Post-methionine load.
k �control+2 S.D.
l Adjusted for age, sex, systolic blood pressure and serum creatinine.
m P=0.001 vs DM with CVD.
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levels can have high plasma Hcy concentration follow-
ing a methionine load and it is possible that these
patients have not had time to express early clinical signs
of the vascular disease.

Conversely, a somewhat larger case-control study
from Japan [179] showed that diabetic patients with
CVD (coronary, peripheral and cerebral) had signifi-
cantly higher plasma levels of tHcy than DM patients
without macroangiopathy or non-DM patients. After
excluding patients with nephropathy (proteinuria �30
mg/dl and/or creatinine �1.2 mg/dl or 106 �mol/l), the
plasma levels of tHcy in patients with CVD remained
significantly increased compared to those without CVD
(10.6�3.6 vs 8.1�3.0 �mol/l, P�0.001). Also, follow-
ing adjustment for the effect of age and sex, log-trans-
formed tHcy levels were significantly associated with
CVD in a logistic regression analysis. When adjusting
for additional confounders (blood pressure and crea-
tinine) the multivariate analysis showed that log-trans-
formed tHcy was still a significant independent
predictor for the presence of CVD in DM patients.
According to the authors, these results support the
hypothesis that hyperhomocysteinemia is associated
with CVD and it is independent of other risk factors of
atherosclerosis in DM. However, here we cannot com-
pare the risk of DM patients with hyperhomocysteine-
mia, to the risk of non-DM patients with elevated tHcy.
In addition, as in other retrospective studies, the design
does not resolve the causal and temporal relationship
between elevated tHcy and CVD in DM patients. Fur-
thermore, since we do not have the baseline characteris-
tics of the subjects and controls according to their
vitamin status, it should have been included in the
regression analysis as a potential confounder.

3.8.2. Prospecti�e studies
The Hoorn population-based study used a prospec-

tive case-control design [193] to examine blood samples
of 171 patients who died, within a 5-year follow-up
period, from the initial cohort of 2484 citizens, and 640
controls who survived in a sample matched for age, sex
and glucose tolerance. In the overall group, there were
184 patients with DM, and 63% of them had newly
diagnosed diabetes at the beginning of the study. The
adjusted OR (for age, sex, CV risk factor serum albu-
min and HBA1c) for 5-year mortality associated with
elevated tHcy was 1.6. It was 1.3 in non-DM patients
compared with 2.5 in DM patients. The investigators
thus concluded that hyperhomocysteinemia was a
stronger predictor of mortality in diabetic than in non-
diabetic subjects (1.9-fold), independent of other con-
ventional risk factors. Additionally, adjusted OR for
5-year mortality was also higher in cases of known
diabetes than in cases of newly diagnosed DM. Vitamin
status and renal function were, however, not part of the
multivariate analysis. When looking at the 5-year mor-

tality for each 5-�mol/l increment in serum creatinine,
the OR was 1.6 in DM patients, vs 1.2 for non-DM
patients. Because, of the limited number of cases, inter-
action of hyperhomocysteinemia and diabetes with on
CVD mortality was not investigated. The other CVD
events were not examined neither (Table 3).

Another Scandinavian study, with 211 DM patients
followed for 6.4 years [194], showed that the all cause
mortality rate per 100 person-years was 3.9 (not
shown), and it was significantly higher in the highest
tertile (7.7 per 100 person years) of tHcy than in the
middle (2.4 per 100 person years) and lowest tertile (2.2
per 100 person years) (P�0.001, high vs middle and
high vs low). Cumulative all-cause and CVD mortality
were also significantly higher in the highest tertile than
in the middle or the lowest tertile of tHcy. Plasma tHcy
was significantly and independently associated with all
cause and CVD mortality in univariate and age-ad-
justed regression analysis (not shown). However, in the
Cox multiple regression analysis adjusted for age, sex,
various factors related to renal function and CVD risk
factors (but not for vitamin status) the plasma tHcy
appeared to be a significant predictor for all cause
mortality only. In fact, adjusted RR for all-cause mor-
tality per 1 �mol/l increased level of tHcy was 1.1. It
was thus calculated that for each 5-�mol/l tHcy in-
crease (�1 S.D. in most populations), the total mortal-
ity increased by �50% in this DM population. There
was only 30 CVD death in the cohort studied. It is well
known that small number of cases always give a less
precise estimate and a wider confidence interval. There-
fore, if a composite end point has been created for
CVD mortality and other CVD events in the present
and the former studies, the authors would possibly have
reached a sufficient number of cases to demonstrate a
significant relation between elevated levels of homocys-
teine and composite CVD events in diabetic patients.

In a large study of 1788 residents (239 with diabetes)
of Jerusalem [195], with a follow up of �10 years, it
was demonstrated that despite lower mean tHcy con-
centration in diabetes, values above the median (�10
�mol/l) were a risk marker for death (data not shown).
Furthermore, among diabetic patients there was a
graded association of quartiles of tHcy with age and
sex-adjusted total mortality with the RR reaching 2.5 in
the top quartile. The association was shown to persist,
but was somewhat reduced with additional adjustment
for CV risk factors, creatinine and albumin. Vitamin
status was again not considered here in the multivariate
analysis despite it might be a potential confounder. The
authors affirmed that the association was similar for
CVD mortality as it was for total mortality, but the
results were not stated in the article. They did not
mention the other CVD events. In addition, despite the
presence of a large group of non-DM patients in the
present cohort, a comparison between patients with and
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Table 3
Prospective studies of homocysteine and mortality in DM

Age (year)a tHcy (�mol/l)a Main resultsReference Follow-up Participants (N)
(year)

[193] Adjustedc OR=1.56 (1.07, 2.3) for 5-year mortality associated with elevatedd tHcy.Casesb 171 (385.0 66.6�7.1 12.9 (9.9, 16.2)
DM) OR=1.34 (0.87–2.06) for non-DM group, and OR=2.51 (1.07–5.91) in DM patients,

P=0.08 for interaction.
Adjustede OR=3.18 (0.74–13.74) for 5-year mortality of patients with elevated tHcy and
known DM (N=69) vs OR=2.58 (0.90–7.40) for patients with newly diagnosed DM
(N=115) (P=0.04).

63.9�7.0 11.5 (9.4, 14.1) OR=1.17 (0.92–1.5) for 5-year mortality for each 5-�mol/l increment of serum tHcy inCTRLf 640 (146
non-DM, and OR=1.60 (1.02–2.51) in DM subjects. NGT and IGT were pooled.DM)
Cumulative all-cause mortality was 44, 14 and 15% in decreasing tertileg of tHcy (P�0.01,6.4 211 (all DM) 58� (23–69) 7.0 (2.4–46.7)[194]
high vs middle and high vs low).
Cumulative CVD mortality was 24, 9 and 11% in decreasing tertile of tHcy (P�0.05, high
vs middle and high vs low).
RR=1.09 (1.03–1.14) for all cause mortality per 1 �mol/l increment in tHcy, in Cox
multiple regression analysish, RR=1.5 (calculated) per 5 �mol/l increment in tHcy.
RR=1.03 (0.93, 1.14) for CVD mortality per 1 �mol/l increment in tHcy in Cox multiple
regression analysish.

9–11 1788 (239 DM) For all cause mortality, in Cox proportional hazard analysisj, RR=2.5 (1.17–5.29), 2.2265.5�?[195] DMi: � 10.9, � 9.8; no DM:
(1.06–4.64), 1.26 (0.57–2.79), 1.00 for DM patients, for each decreasing quartilek of tHcy� 12.3, � 10.8
(P=0.0056, for trend).

a Mean�S.D. or Median (IQR).
b Subjects who died during 5-year follow-up.
c Adjusted for age, sex, hypertension, hypercholesterolemia, current smoking, serum albumin and HBA1c.
d �14 �mol/l.
e Adjusted for age and sex.
f Survivors taken from a random sample (age, sex and glucose stratified) of the initial cohort.
g �8.2, 6.2–8.1 and �6.1 �mol/l.
h Adjusted for age, sex, BMI, duration of DM, creatinine, Ccr, Log10 albumin excretion rate, total and HDL cholesterol, HBA1c, systolic and diastolic BP, pre-existing CHD and smoking.
i DM vs no DM, P�0.05, for both sexes.
j Adjusted for age and sex.
k �13.02, 10.01–13.02, 8.2–10.0, �8.2.
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without DM, for their risk of mortality according to
their levels of tHcy was not presented.

The median plasma tHcy concentrations in the two
previous populations were very low compared to other
study populations. Lower levels of tHcy are suspected
to occur in early diabetes secondary to hyperfiltration
[122]. We may thus hypothesize here that a relatively
large number of patients with DM did not have a very
advanced disease. It was also the case in the Hoogeveen
et al. study, since about two third were new cases of
diabetes. This may explain, at least in part, why it may
have been harder to show a significant effect of elevated
homocysteine coupled with the presence of recent dia-
betes on cardiovascular mortality. Additionally, it may
have been more difficult to obtain an adequate number
of patients with sufficiently high levels of tHcy to
demonstrate a relation between high homocysteine lev-
els and CVD mortality in DM patients.

4. Discussion

The purpose of this review was to explore the rela-
tionship between plasma levels of homocysteine and
CVD in diabetic patients. An independent association
was suggested by cross-sectional and case-control stud-
ies. Moreover, this association seemed to be stronger in
diabetic subjects than in non-diabetics. This suggests
that presence of elevated levels of homocysteine and
diabetes at the same time may confer a synergistic risk
of CVD. Prospective studies suggested a stronger causal
relationship between hyperhomocysteinemia and all
cause mortality in DM than in non-DM patients, but
the causal relationship was less clear for cardiovascular
morbidity and mortality.

To date, there are no prospective study that has
examined the relationship between elevated levels of
homocysteine and the presence of CVD in the DM
population. Large-scale epidemiological studies are un-
derway in patients with type II diabetes. It is hoped
that the authors will consider measuring homocysteine
levels, especially in light of recent data showing that
some lipid modifying medications, especially the fibric
acid derivatives, increases plasma homocysteine levels
[196–200].

The biological mechanism for the interaction between
diabetes and elevated homocysteine with regard to
CVD is still not well known. Previous data suggested
that it was biologically plausible that elevated plasma
levels of homocysteine may enhance atherogenic and/or
thrombogenic pathways, but a considerable number of
experimental studies were conducted in artificial and
non-physiologic conditions. However, it may also accel-
erate the direct cytotoxic effects of glucose and the
oxidative modification of glucose to endothelial cells.
Furthermore, the cumulative effect of diabetes and

elevated homocysteine levels might be of more impor-
tance in DM patients with impaired renal function,
since it has been shown that diabetic patients with
reduced glomerular filtration have higher levels of
plasma tHcy.

Thus, because of the particularly enhanced risk of
CVD in DM patients, interaction with hyperhomocys-
teinemia may have consequences with regard to man-
agement of primary and secondary prevention in these
patients. Finally, recognition of hyperhomocysteinemia
may be relevant since it is potentially reversible by a
number of therapeutic agents, including folic acid, vita-
min B12 and pyridoxine. Additional studies are thus
necessary to establish prospectively the presence of a
multiplicative risk of CVD with elevated homocysteine
levels in DM patients as well as studies assessing the
effect of vitamin treatment on plasma levels of homo-
cysteine and CVD outcomes in this population.
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