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Abstract

Homocysteine has been associated with the oxidative stress in the pathogenesis of atherosclerosis. Oxidative stress caused by
triglycerides and free fatty acids is known to cause insulin resistance and hyperinsulinemia. On the other hand, insulin resistance may
increase homocysteine levels. Since obesity is associated with insulin resistance and hyperinsulinemia, we aimed to study the possible
association of homocysteine with hyperinsulinemia in obese subjects. 20 obese male subjects (body mass index �29), aged 33–55 (mean
45 years old) were studied. A fasting blood sample was obtained for the study and the subjects undertook an oral glucose tolerance test with
samples taken at 1 and 2 h after glucose. Subjects were divided in two groups according to the fasting insulin levels, � 9 �U/ml or
normoinsulinemic (group 1) and �9 �U/ml or hyperinsulinemic (group 2). Glucose, insulin, homocysteine, folate, B12, total cholesterol,
HDL-cholesterol and triglycerides levels were determined in fasting blood samples. In oral glucose tolerance test, glucose, insulin and
homocysteine levels were measured. Hyperinsulinemic obese subjects (group 2) had higher levels of insulin and glucose at 1 h and 2 h
postglucose, compared with group 1. Fasting total homocysteine and triglyceride levels were also increased in this group, whereas folate
and B12 levels were similar in both groups. Fasting homocysteine significantly correlated with fasting insulin (r � 0.6, p �0.01).
Homocysteine levels slightly but significantly decreased after glucose loading in normoinsulinemic but not in hyperinsulinemic obese
subjects. These results show that higher homocysteine levels are observed in the hyperinsulinemic obese subjects and suggest that
homocysteine could play a role in the higher risk of cardiovascular disease in obesity. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Hyperhomocysteinemia is a well established indepen-
dent risk factor for atherosclerotic and thromboembolic vas-
cular disease [1–3]. Hereditary enzymatic deficiencies and
nutritional deficiencies of folate, pyridoxine or cobalamin
(B12), as well as chronic renal failure are associated with
elevated blood homocysteine and accelerated atherosclero-
sis [1–3]. The mechanism of homocysteine angiotoxicity
seems to involve the nitric oxide system by inducing oxi-
dant stress [4–6]. Oxidative stress has been suggested to
cause insulin resistance and may be its possible link with
atherosclerosis [7,8]. Thus, oxidant stress reduces insulin
responsiveness in vitro by interrupting insulin signaling

[9,10], and may impair insulin mediated glucose uptake in
healthy subjects and those with noninsulin-dependent dia-
betes mellitus (NIDDM) [11–13]. In fact, there seems to be
a relationship between oxidative stress and metabolic con-
trol in NIDDM [14]. Moreover, the administration of re-
duced glutathion has been shown to increase glucose uptake
in both healthy and patients with NIDDM [15].

Hyperhomocysteinemia has been found in patients with
NIDDM and IDDM, with an association with premature
atherosclerosis [16–18]. Furthermore, insulin resistance has
been recently found to be associated with elevated plasma
total homocysteine levels in healthy non-obese subjects
[19]. In fact, plasma homocysteine concentrations seem to
be regulated by acute hyperinsulinemia in nondiabetic but
not in type 2 diabetic subjects [20], suggesting that insulin
resistance may contribute to the development of hyperho-
mocysteinemia and therefore have implications of prema-
ture vascular disease.
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In this context, we have studied total homocysteine lev-
els in obese subjects to find out a possible association with
the hyperinsulinemia that is usually present in this syn-
drome.

2. Materials and methods

2.1. Subjects

Obese subjects (body mass index �29), non-diabetic
(basal glucose �125 mg/ml) and non-hypertensive (systolic
pressure �140 mmHg, diastolic pressure �90 mmHg) from
the Hospital de los Pedroches clinic were studied. They
were chosen randomly from the general practice clinic pop-
ulation of the region (Northern area of Cordoba Province).
Clinical characteristics of the subjects are shown in Table 1.
They were all male and caucasians and with no major
pathological problems. They were divided into two groups,
according to the basal insulin levels: Group 1, normoinsu-
linemic (� 9 �U/ml), and Group 2, hyperinsulinemic (� 9
�U/ml). The rationale for this insulin concentration limit
relies on the epidemiological and prospective data about the
increased risk for cardiovascular disease for insulin above
these levels [21,22]. To further assess the insulin resistance
state in these subjects, they undertook an oral glucose tol-
erance test, receiving 75 g glucose [23]. Plasma glucose,
insulin and homocysteine were measured at 0, 60 and 120
min.

2.2. Biochemical and hormone determinations

Blood samples were taken in EDTA-k3 tubes (Vacu-
tainer, Becton Dickinson), immediately centrifuged at 4°C
and plasma separated and stored at -20C. Glucose levels
were determined by the glucose oxidase method [24]. Insu-
lin, homocysteine, folate and B12 levels were measured by
an IMX-System autoanalyser (Abbot Cientifica, Madrid)).
Triglycerides and total and high-density lipoprotein-choles-
terol were analised by enzymatic colorimetric test and pre-
cipitation technique (phosphotungstate-magnesium chlo-
ride; kit from Boehringer-Mannheim GmbH, Barcelona,
Spain).

2.3. Statistical analysis

Values are expressed as means � S.E.M. Data were
analyzed by analysis of variance for multiple comparison,
and post test (Bonferroni) was used to test the degree of
significance of the differences between groups.

3. Results

3.1. Oral glucose tolerance test

Normoinsulinemic (group 1) and hyperinsulinemic
(group 2) obese subjects undertook an oral glucose toler-
ance test to better assess their insulin resistant state. As
shown in Fig. 1, group 2 had significantly increased post-
glucose levels (at 60 and 120 min) compared with group 1,
even though glucose values did not reach levels high
enough to consider these subjects as glucose intolerant.
These higher glucose levels were observed in group 2 in
spite of the fact that insulin levels raised significantly higher
than those of group 1 (at 60 and 120 min), revealing the

Table 1
Clinical characteristics of the subjects. Values are expressed as means �
SEM. Group 1, subjects with fasting insulin levels � 9 �U/ml. Group 2,
subjects with fasting insulin levels � 9 �U/ml

Group 1 (n � 8) Group 2 (n � 12)

Age (years) 45 � 2.2 46 � 3.1
BMI (kg/m2) 32 � 1.5 34 � 1.6
Waist/hip ratio 1.01 � 0.01 1.02 � 0.01
Fasting glucose (mg/dl) 101 � 2.5 102 � 3.5
Fasting insulin (�U/ml) 6 � 0.6 16 � 2.2*

* p � 0.01 vs. group 1.

Fig. 1. Oral glucose tolerance test in obese subjects. Insulin (upper panel)
and glucose (lower panel) were determined before and 60 min and 120 min
after oral glucose loading (75 g). Open circles refer to normoinsulinemic
obese subjects (group 1). Closed circles refer to hyperinsulinemic obese
subjects (group 2). * p �0.05; ** p �0.01.
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insulin resistance state of this group of hyperinsulinemic
obese subjects. This group of insulin resistant obese subjects
turned out to be the 60% (12 out of 20) of the subjects. The
normoinsulinemic obese subjects were the 40% and were
found to have normal insulin response to oral glucose even
though they had no significant differences in body mass
index and waist/hip ratio with group 2 (Table 1).

3.2. Homocysteine, folate, B12 and lipid levels

As shown in Table 2, total homocysteine levels in group
2 (hyperinsulinemic obese subjects) were found signifi-
cantly increased compared to those in group 1 (12.4 versus
7.1 �mol/L). However, folate and B12 levels were similar in
both groups and within normal ranges (Table 2). The normal
range for the method employed is 3.1–12.4 ng/ml for folate
levels, and 223-1132 pg/ml for B12. No differences in total
cholesterol or HDL cholesterol were found between both
groups. Cholesterol values were in the normal range. How-
ever, triglycerides were significantly increased in insulin
resistant obese subjects (group 2) (145 versus 77 mg/dl),
although they did not reach pathological values.

In normoinsulinemic obese subjects (group 1), total ho-
mocysteine levels slightly but significantly decreased in
response to glucose loading (Fig. 2) after 1 h and these
levels were maintained after 2h post-glucose. However, in
hyperinsulinemic obese subjects (group 2) total homocys-
teine levels did not change upon glucose challenge.

3.3. Correlation of fasting homocysteine with fasting
insulin levels

Since homocysteine levels were increased in the hyper-
insulinemic group, we assessed the correlation between
both parameters. As shown in Fig. 3, homocysteine plasma
levels correlated with those of insulin in fasting conditions
(r � 0.6, p �0.01). Even though triglicerides levels were
also increased in hyperinsulinemic obese subjects, there was
no significant correlation between plasma triglyceride and
homocysteine levels (r � 0.1, p �0.4) or insulin (0.1, p
�0.5).

4. Discussion

Obesity, specially visceral obesity, is a major risk factor
for NIDDM and cardiovascular complications [25]. Hyper-
insulinemia and hyperhomocysteinemia are now other well
accepted risk factors for atherosclerosis [1,25]. However,
we do not know yet the exact relationship between these
risks factors. We have found that increased total homocys-
teine levels are present in obese subjects with hyperinsulin-
emia (� 9 �U/ml) compared with obese subjects with
normal insulin levels (� 9 �U/ml). A possible role of
nutritional deficiencies of folate and B12 should be ruled
out, since similar plasma levels of these vitamines were
found in both groups and they were always above minimal
normal levels. The association between insulin resistance
and homocysteine has recently been proposed in healthy,
non-obese subjects [19]. A common feature in insulin re-
sistant subjects is the hyperlipidemia with increased levels
of triglycerides and very low density lipoproteins (VLDL)
[26]. In fact, significant differences were found in triglyc-
eride levels between the two groups of obese subjects.
Triglycerides are known to impair insulin action through an
increase in oxidative stress [27,28], and therefore they may
somehow account for the insulin resistance observed in
group 2. Since homocysteine seems to induce oxidative
stress [4–6], the increase in homocysteine levels observed
in insulin resistant obese subjects (group 2) may contribute
to the pathophysiology of these obese subjects. Neverthe-
less, the differences in homocysteine levels are no so dra-

Table 2
Homocysteine, folate, B12 and lipid levels in hyper- and
normoinsulinemic obese subjects

Group 1 Group 2

Homocysteine (�mol/l) 7.1 � 0.7 12.4 � 0.5*
Folate (ng/ml) 6.3 � 0.6 6.0 � 0.4
B12 (pg/ml) 670 � 60 656 � 80
Triglycerides (mg/dl) 70 � 7 145 � 19**
Total cholesterol (mg/dl) 214 � 8 215 � 12
HDL cholesterol (mg/dl) 46 � 3 48 � 4

* p � 0.05; ** p � 0.01 versus group 1.

Fig. 2. Homocysteine levels in response to the oral glucose loading. Open
circles refer to normoinsulinemic obese subjects (group 1). Closed circles
refer to hyperinsulinemic obese subjects (group 2). * p �0.05
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matic to think that they are responsible for the insulin
resistance. On the contrary, high homocysteine levels may
be the consequence rather than the cause of the insulin
resistance. In fact, insulin has been shown to negatively
regulate homocysteine levels [20]. Thus, a lack of effect of
insulin may produce this elevation in homocysteine levels.
In this line, we found that homocysteine levels decreased
after glucose loading in normoinsulinemic subjects,
whereas they did not change in hyperinsulinemic group.
Moreover, we have found a significant positive correlation
between fasting insulin and homocysteine plasma levels.
These findings are in line with a role of insulin resistance in
the increase in homocysteine levels. Moreover, the oxida-
tive stress present in insulin resistant subjects such as type
2 diabetics [14] may worsen the angiotoxicity of homocys-
teine, increasing the risk for atherosclerosis. On the other
hand the increase in homocysteine levels may also worsen
the insulin resistance through the oxidative stress, closing a
possible dangerous vicious circle. In this context, we have
recently found that homocysteine induces insulin resistance
in vitro at high concentrations (50 �M) by inhibiting insulin
signaling, and this effect may be mediated by oxidative
stress, since it can be prevented by glutathione [29].

In any case the present study does not permit conclusions
about whether elevation of plasma homocysteine is the
cause or result of insulin resistance. Moreover, other possi-
ble sources of elevated homocysteinemia, such as genetic
variation of methylenetetrahydrofolate reductase activity or
functional vitamin B6 deficiency [2] have not been assessed
in the present study.

The increase in homocysteine levels may not be a gen-

eral complication of the insulin resistance syndrome, since
healthy volunteers with altered insulin-mediated glucose
disposal have recently been shown to have no increased
homocysteine levels [30]. Nevertheless, in hyperinsuline-
mic obese subjects there seems to be an association with
increased homocysteine levels, which may contribute to the
development of cardiovascular complications which are so
common in obesity.
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