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Plasma homocysteine concentrations in healthy volunteers are not
related to differences in insulin-mediated glucose disposal
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Abstract

This study was initiated to test the hypothesis that plasma homocysteine concentrations are increased in insulin resistant
individuals. For this purpose, the relationship between insulin resistance, as assessed by the steady-state plasma glucose (SSPG)
concentration during the insulin suppression test, and fasting plasma homocysteine concentration was defined in 55 healthy
volunteers. The results indicated that homocysteine concentrations did not vary as a function of SSPG concentrations (r=0.02,
P=0.88). Furthermore, mean (9S.E.M.) plasma homocysteine concentrations were similar (8.290.4 vs 8.790.7 mmol/l) in
individuals classified as being either insulin sensitive (SSPGB100 mg/dl) or insulin resistant (SSPG\180 mg/dl). On the other
hand, SSPG concentration was significantly correlated with fasting plasma insulin (r=0.58, PB0.001), triglycerides (r=0.34,
PB0.05), and HDL-cholesterol (r= −0.36, P=0.04) concentrations. These data strongly suggest that the increased risk of
atherosclerosis associated with increased plasma homocysteine concentrations is unrelated to insulin resistance and/or the
metabolic abnormalities associated with it. © 1999 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Evidence from several epidemiological studies has
suggested that elevated levels of homocysteine are an
independent risk factor for atherosclerosis [1–3]. It is
also well known that combination of resistance to
insulin-mediated glucose disposal and compensatory
hyperinsulinemia predisposes individuals to develop a
cluster of metabolic abnormalities, including glucose
intolerance, a high triglyceride (TG) and a low high
density lipoprotein (HDL) cholesterol concentration,
and elevated blood pressure, all of which increase risk
of coronary heart disease [4–6]. If increases in homo-

cysteine concentrations were related to insulin resis-
tance, it would provide another explanation for the link
between insulin resistance and coronary heart disease.
This possibility has received support in the form of a
recent Letter to the Editor [7]. These results seemed
somewhat surprising in light of previous publications
showing that plasma homocysteine concentrations were
only elevated in patients with type 2 diabetes when
associated with vascular complications [8,9]. Since the
vast majority of patients with type 2 diabetes are insulin
resistant [4,6,10], if insulin resistance played an impor-
tant role in regulation of plasma homocysteine concen-
trations as suggested by Giltay et al. [7], an increase in
plasma homocysteine concentrations in patients with
type 2 diabetes might have been anticipated. Given this
apparent paradox, we felt it important to re-examine
the relationship of insulin resistance to plasma homo-
cysteine concentrations in a non-diabetic population.
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2. Methods

Our study population consisted of 55 volunteers (28
men and 27 women), recruited from the San Francisco
Bay Area through advertisements in the local newspa-
pers. Their mean9S.E.M. age was 49911 years
(range 23–67), and body mass index (BMI) 28.093.8
kg/m2 (range 20.0–35.0). All participants were healthy
as determined by history, physical examination, com-
plete blood count, and chemistry panel, and without
clinical evidence of cardiovascular disease. Fourteen
individuals had a diagnosis of hypertension, defined as
resting blood pressure \140/90 mmHg, and/or treat-
ment with antihypertensive medications. All subjects
were determined to be non-diabetic on the basis of at
least two fasting plasma glucose values B126 mg/dl
[11], had normal serum creatinine concentrations, and
were free of albuminuria.

Informed consent was obtained before admission to
the General Clinical Research Center. After an
overnight fast, insulin-mediated glucose disposal was
assessed by a modification [12] of the insulin sensitivity
test as described by our laboratory [13]. Steady-state
plasma insulin (SSPI) and glucose (SSPG) concentra-
tions after a 180-min infusion of somatostatin, insulin
and glucose were used to quantitate insulin resistance.
As steady-state plasma insulin (SSPI) levels were similar
during the infusion, SSPG concentrations provided a
direct estimate of insulin-mediated glucose disposal: the
higher the SSPG concentration, the more resistant the
individual. On the same day, fasting blood samples
were obtained for measurement of homocysteine [14].
In order to define the relationship between SSPG and
associated abnormalities, fasting plasma insulin, triglyc-
eride, and high density lipoprotein (HDL) cholesterol
concentrations were measured as described previously
[15] in 34 individuals. Data are expressed as mean9
S.E.M. Pearson correlations were calculated to demon-
strate relationships between variables of interest, and
means were compared with Mann–Whitney test.

3. Results

The relationship between SSPG and fasting homo-
cysteine concentrations is depicted in Fig. 1. Despite
considerable variation in both SSPG (�sixfold) and
homocysteine (� threefold) concentrations, it is appar-
ent that there was no correlation between these two
variables (r=0.02, P=0.88). Because of a report that
homocysteine concentrations are higher in patients with
hypertension [16,17], the 14 individuals with high blood
pressure are indicated by the open circles in Fig. 1. It is
apparent that their inclusion was not the reason for the
lack of a relationship between insulin resistance and
plasma homocysteine concentration. Indeed in the ab-

Fig. 1. Relationship between insulin resistance (SSPG) and plasma
homocysteine concentrations. The open circles identify volunteers
with high blood pressure.

sence of the patients with hypertension, the relationship
between SSPG and homocysteine became somewhat
negative (r= −0.24, P=0.12). The correlation coeffi-
cient between SSPG and homocysteine was essentially
unchanged, and remained negative, when log-trans-
formed. Thus, if anything, the more insulin resistant a
normotensive individual, the lower the plasma homo-
cysteine concentration.

Table 1 represents multiple regression analysis, with
homocysteine as the dependent variable, and age, gen-
der, body mass index, mean arterial pressure, and log
SSPG as the independent variable. This approach fur-
ther demonstrates that insulin resistance is not statisti-
cally associated with plasma homocysteine
concentration. Indeed, the only relationship that was
statistically significant was between homocysteine con-
centration and gender.

In an effort to search further for evidence of a
relationship between insulin resistance and homocys-
teine, we performed an analysis similar to that of Giltay
et al. [7] by creating an insulin resistant (SSPG\180
mg/dl) and an insulin sensitive (B100 mg/dl) group. It

Table 1
Multiple regression analysis of the relationship between plasma ho-
mocysteine concentration and several experimental variables

P-valueVariable Standard coefficient

Age 0.007 0.96
B0.005Gender 0.62

Body mass index (BMI) 0.21 0.23
−0.28 0.09Mean arterial pressure

0.55−0.09Log SSPG
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Table 2
Comparison of insulin sensitive and resistant volunteers

Variable Insulin resistant (n=22)Insulin sensitive (n=21) P-value

23197 (182–288)7094 (45–98) B0.0001SSPG (mg/dl)
5292 (29–67)Age 0.364993 (23–65)
12/1011/10 0.89Gender (M/F)

Hypertension (yes/no) 7/155/16 0.56
28.290.7 (22.0–35)27.591.0 (20.0–34.5) 0.53BMI (kg/m2)

8.790.7 (4.6–17.5) 0.99Homocysteine (mmol/l) 8.290.4 (6.4–14.4)

can be seen from Table 2 that the two groups thus
formed were similar in terms of age, body mass index,
and gender. It is also apparent that plasma homocys-
teine concentrations were essentially identical in the two
groups, despite the dramatic differences in SSPG
concentration.

Finally, in order to make sure that the individuals
included in this study were not atypical, we calculated
the relationship between SSPG and the variables shown
previously to be significantly related to insulin resis-
tance [4–6]. These results documented significant rela-
tionships between SSPG concentration and fasting
plasma insulin (r=0.58, PB0.001), triglyceride (r=
0.34, P=0.05), and HDL-cholesterol (r= −0.36, P=
0.04). Thus, the lack of a relationship between SSPG
and homocysteine concentrations was seen in a popula-
tion that did demonstrate the typical relationship be-
tween SSPG and other variables [4–6], supporting the
view that our findings could not be attributed to the
possibility that the 55 individuals we studied were not
representative of the world at large.

4. Discussion

It is apparent that our results are quite different from
those of Giltay et al. [7]. In the group of healthy
volunteers studied, we could not demonstrate any rela-
tionship between insulin resistance and plasma homo-
cysteine concentration, and this remained the case, no
matter how we analyzed the results. The most obvious
difference between the results of the two studies is the
fact that we enrolled more than twice as many subjects.
In addition, inspection of the results of Giltay et al. [7]
raises the possibility that one very insulin sensitive
individual and one extremely insulin resistant subject
were largely responsible for their conclusion.

Although we could not discern a relationship be-
tween insulin resistance and homocysteine, the results
in Table 1 demonstrate that homocysteine and gender
were significantly related. This result was not unex-
pected, in light of the previous observation of sex
differences in homocysteine concentrations in healthy
volunteers [18]. Further evidence that our population
was not atypical was the observation that insulin resis-

tance correlated significantly with fasting plasma in-
sulin, triglyceride, and HDL cholesterol
concentrations—metabolic variables known to be asso-
ciated with insulin resistance [4–6].

In conclusion, we could not demonstrate any rela-
tionship between insulin resistance and plasma homo-
cysteine concentrations in a group of healthy
volunteers. Given our inability to confirm the findings
of Giltay et al. [7], caution shall be exercised before
adopting the view that the relationship between in-
creases in fasting plasma homocysteine concentrations
and atherosclerosis is related to insulin resistance and/
or its metabolic consequences. On the other hand, given
the report by Munshi et al. [19], of an increase in
plasma homocysteine concentrations following me-
thionine loading in some patients with type 2 diabetes
free of obvious vascular complications, it may be pre-
mature to exclude the possibility that homocysteine
may be abnormal in insulin resistant individuals.
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