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Hyperhomocysteinemia as a Component of Syndrome X

Mor Oron-Herman, Talma Rosenthal, and Ben-Ami Sela

yndrome X, a cluster of several metabolic disorders that includes hyperinsulinemia, hypertriglyceridemia, and hypertension,

s associated with severe vascular morbidity. Hyperhomocysteinemia is another risk factor for cardiovascular and cerebro-

ascular diseases, often exhibited by insulin-resistant patients. In the current study, we investigated the relationship between

yndrome X and hyperhomocysteinemia in a rat model. Two groups of rats were fed either fructose-enriched diet or standard

at chow for 5 weeks. Systolic blood pressure (SBP), as well as fasting plasma insulin, triglycerides, total cholesterol, and total

omocysteine levels, were determined at the beginning and at the end of the study. A complete metabolic syndrome was

nduced by the fructose-enriched diet, including hyperinsulinemia, hypertriglyceridemia, and hypertension. Homocysteine

oncentration was 72% higher after 5 weeks on the fructose diet (8.49 � 1.6 v 4.92 � 0.9 �mol/l, P < .01). Insulin, triglycerides,

BP, and homocysteine levels were insignificantly changed during 5 weeks on standard rat chow. Homocysteine was

ositively and significantly correlated with any original component of syndrome X (r � 0.565, P � .014 with insulin, r � 0.662,

� .001 with triglycerides, and r � 0.774, P < .001 with SBP). The results of the present study indicate that hyperhomocys-

einemia is an integral component of this rat model of syndrome X. It is thus highly likely that hyperhomocysteinemia is an

ntegral component of the human syndrome X as well, and thereby contributes to the overall high vascular risk associated

ith this condition.
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MPAIRED glucose tolerance (IGT), glucose intoleran
insulin resistance syndrome (IRS), and non–insulin-de

ent diabetes mellitus (NIDDM) are all clinical definitions
tates in which the normal response of insulin secretio
lucose uptake is not adequate to efficiently transfer the
ose from blood into cells. Age-related decline in insulin s
itivity is common, although even within any given age gro
wide range of glucose clearance rate is frequent.1 With the

ecline in insulin action, a considerable amount of insuli
ecreted by� cells of the pancreas as a compensatory me
ism aimed at maintaining normal plasma glucose level.

ortunately, even when glucose level is successfully m
ained, the resultant extra insulin secretion is in itself harm

Chronic hyperinsulinemia has been known for decades
mportant risk factor for atherosclerotic cardiovascular mor
ty and mortality, as documented in both prospective2,3 and
etrospective1,4-6 epidemiological studies. Moreover, the co
stence of insulin resistance and compensatory hyperins
mia is often accompanied by additional disorders suc
ypertension and dyslipidemia, which are also known

actors for coronary artery disease (CAD) and stroke. In 1
eaven proposed the general name “syndrome X” for
luster of abnormalities stemming from insulin resistance:
erinsulinemia, hypertriglyceridemia, and hypertension.7 Since
ach component of syndrome X is a vascular risk facto

tself,2-6,8,9the combination of all of them together makes it
xtremely high-risk syndrome. An expert panel of the Nati
holesterol Education Program recently recognized synd
as a new target of risk reduction therapy.10

Homocysteine emerges as another important indepe
isk factor for atherosclerotic morbidity and mortality. T
hiol-containing amino acid is produced during metabolism
he essential amino acid methionine, which is consumed
ietary proteins. Direct correlation, without threshold eff
etween plasma level of homocysteine and vascular morb
as found in many population studies.11-20The involvement o
omocysteine in vascular diseases was recently systema
eviewed by Ford et al.21 The summarized hazard odds ratio

5-�mol/L increase in homocysteine concentration, as g

red from publications of case-control studies, was 1.70 (95%
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t

y

onfiedence interval [CI], 1.50 to 1.93) for coronary h
isease and 1.58 (95% CI, 1.35 to 1.85) for cerebrovas
orbidity. These values are similar to those previously repo
y Boushey et al.15

Recently, conflicting data have been accumulating on
elationship between insulin resistance and homocysteine
abolism.22-30 In the present study we used a fructose-indu
yperinsulinemic rat model31 to determine whether hyperh
ocysteinemia is an integral component of syndrome X.

MATERIALS AND METHODS

nimals, Diets, and Study Design

Twenty male Sprague-Dawley rats weighing 200� 20 g were
urchased from Harlan, Israel. The animals were kept on a 14 ho
our light/dark cycle and at a constant temperature (22°C). Foo
ater were supplied ad libitum. All rats were fed a standard rat c
rior to beginning the study, and then divided randomly into 2 e
roups. For 5 weeks the control group continued to consume sta
at chow (Koffolk, Israel) composed of 21% protein, 4% fat, 5
arbohydrate (vegetable starch), and 4.5% cellulose, while the
roup was fed fructose-enriched chow (Harlan Teklad, Madison,
onsisting of 21% protein, 5% fat, 60% carbohydrate (mainly fruct
nd 8% cellulose. Both diets contained a standard mineral and vi
ixture. Fasting plasma insulin, triglycerides, total cholesterol,
omocysteine levels, as well as systolic blood pressure (SBP),
easured at the beginning of the study (t� 0) and once again at the e

t � 5 weeks). The study protocol was approved by the hos
upervisory committee for animal studies and adhered to their g
ines.

From the Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv,
srael; Chorley Institute of Hypertension, Sheba Medical Center, Tel
ashomer; and the Institute of Chemical Pathology, Sheba Medical
enter, Tel Hashomer, Israel.
Submitted February 18, 2003; accepted April 12, 2003.
Address reprint requests to Mor Oron-Herman, MSc, Chorley Insti-

ute of Hypertension, Sheba Medical Center, Tel Hashomer, 52621,
srael.

© 2003 Elsevier Inc. All rights reserved.
0026-0495/03/5211-0051$30.00/0
2003 Elsevier Inc. All rights reserved.
doi:10.1016/S0026-0495(03)00262-2

1491



Blood Sampling

Blood samples were taken from the retro-orbital sinus under light
ether anesthesia, after 5 hours of fasting. Collecting tubes contained
100 �L of 0.1% EDTA in saline. The samples were centrifuged for
separation, and plasma was split into aliquots and frozen in polypro-
pylene tubes at �20°C until assayed.

Plasma Insulin Level Determination

An insulin 125I radioimmunassay (RIA) kit (Incstar, Stillwater, MN)
was used for quantitative determination of plasma insulin concentra-
tion.

Plasma Triglycerides and Total Cholesterol Levels
Determination

Triglycerides and total cholesterol were measured by automatic
analyzer (Olympus AU 2700).

Total Plasma Homocysteine Level Determination

Total plasma homocysteine concentration was determined by high-
pressure liquid chromatography system, using fluorescent detection.32

Systolic Blood Pressure Measurement

SBP was measured in conscious rats by the indirect tail-cuff method,
using an electrosphygmomanometer and a pneumatic pulse transducer
(Narco Biosystems, Houston, TX). The animals were kept at 37°C for
30 minutes before measurements were performed. The average of 5
consecutive readings was used for blood pressure evaluation.

Statistical Analysis

Results are presented as means � SD. Paired, 2-tailed Student’ s t test
(Excel, Microsoft Office 2000, Microsoft, Redmond, WA) and analysis
of variance (ANOVA) with repeated measurments (SPSS Inc, Chicago,
IL) were performed to compare measurements pre-and post-diets. Pear-
son’ s correlation coefficients were calculated using SPSS version 11.
Statistical significance was defined as P � 0.05.

RESULTS

The effect of fructose feeding on SBP is illustrated in Fig 1.
SBP rose significantly from 125.6 � 9.5 to 146.3 � 5.0 mm Hg
(P � .001) during the fructose feeding period, while there was
no significant elevation in the control group (121.9 � 3.7 v
123.9 � 4.7 mm Hg, P � .05).

Fig 2 summarizes the metabolic effects of 5 weeks of fruc-
tose feeding. Plasma insulin level doubled from 22.4 � 6 to
43.2 � 15.8 �U/mL (P � .001); triglycerides increased 3.5-
fold from 91.8 � 23.4 to 322.3 � 93.5 mg/dL (P � .001); and
total homocysteine concentration rose by 72% from 4.92 � 0.9
to 8.49 � 1.6 �mol/L (P � .001). Insulin, triglycerides, and
homocysteine were insignificantly changed in the control
group, which consumed standard rat chow during the study
period (insulin from 21.72 � 6 to 22.31 � 4.55 �U/mL,
triglycerides from 107.73 � 35.3 to 104.64 � 49.63 mg/dL and
total homocysteine concentration from 4.82 � 1.07 to 4.57 �
0.9 �mol/l, P � .05 for all parameters).

Cholesterol level was not significantly changed during con-
sumption of either standard or fructose diet: 98.4 � 14.5 versus
92 � 18.1 mg/dL on standard chow, and 91.1 � 15 versus
100.6 � 8.76 mg/dL on fructose diet at t � 0 and t � 5,
respectively (P � .05).

A significant direct relationship between homocysteine and
each of the other components of syndrome X was found.

Fig 2. Metabolic parameters of Sprague-Dawley rats fed either

standard rat chow or fructose-enriched diet for 5 weeks. (A) Fasting

insulin concentration; (B) fasting triglycerides level; (C) fasting total

homocysteine concentration. *P < .001 compared with baseline. (�)

t � 0; (■ ) t � 5 weeks.

Fig 1. SBP of Sprague-Dawley rats fed either fructose-enriched

diet or standard rat chow for 5 weeks. *P < .001 compared with

baseline. (�) t � 0; (■ ) t � 5 weeks.
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Fasting plasma homocysteine was positively correlated with
SBP (r � 0.774, P � .001, Fig 3A), insulin (r � 0.565, P �
.014, Fig 3B), and triglycerides (r � 0.662, P � .001, Fig
3C). While calculating the correlation coefficients among
the original components of syndrome X in the present study,
the following values were found: between triglycerides and
insulin, r� 0.482, P� .05; between triglycerides and SBP,
r � 0.624, P � .001, and between SBP and insulin, r�
0.633, P � .005.

DISCUSSION

The results of the present study lend further support to a
possible regulatory role of insulin in the metabolism of homo-
cysteine. They also indicate that hyperhomocysteinemia is an
integral component of syndrome X. The metabolic syndrome

obtained using fructose-fed rats included an impressive rise of
insulin, SBP, and triglycerides, as was expected. In addition, a
significant elevation of plasma homocysteine level was inducd.
Correlation coefficients between homocysteine and other com-
ponents of syndrome X did not differ from those of the com-
ponents among themselves, indicating that its relation to this
syndrome is as strong as the relation of the original compo-
nents.

The relationship between insulin, or insulin resistance, and
homocysteine is controversial. Some human studies23-25,30,33-35

found a significant positive correlation between the 2 entities,
whereas others found no such correlation.26,28,29 One study36

even reported a negative correlation between the 2 parameters,
although this observation was defined by the authors as “un-
expected.” In some studies the association between insulin
sensitivity and hyperhomocysteinemia was restricted to specific
populations and not seen in others.27,37

Animal studies also support the hypothesis that insulin may
regulate homocysteine metabolism. In one important study,
type 1 diabetes mellitus was induced in rats by injection of
streptozotocin.38 This intervention resulted in a 30% reduction
in homocysteine level parallel to the reduction in endogenous
insulin secretion. Treatment with insulin prevented the decline
in homocysteine level. Similar results were recently obtained
by another group.39 These studies coincide with the observation
of lower than normal plasma homocysteine levels in human
type 1 diabetes mellitus patients who do not present with renal
insufficiency.40,41

An in vitro study42 using hepatocytes demonstrated reduc-
tion in the specific activity of 2 key enzymes of the homocys-
teine metabolism, methylene tetrahydrofolate reductase and
cystathionine beta-synthase, in response to chronic insulin ad-
dition to culture medium. This should cause an accumulation of
homocysteine, which is transformed to either methionine or
cysteine at a reduced rate.

In the present study the correlation coefficient between in-
sulin and homocysteine was calculated as r � 0.565. Similar
values were reported in another 2 studies: by Fonseca et al43

following long-term feeding of rats with a high-fat/sucrose diet
(r � 0.51), and by Sanchez-Margalet et al35 in hyperinsuline-
mic obese human subjects (r � 0.6). Taken altogether, similar
correlation between those 2 entities found in 3 different models
of syndrome X, both animal and human, strongly support the
hypothesis that hyperhomocysteinemia does belong to this syn-
drome.

We conclude that hyperhomocysteinemia is an integral com-
ponent of syndrome X, and thus may contribute to the charac-
teristic vascular complications of patients with insulin resis-
tance. Based on accumulating data, we suggest that the plasma
level of homocysteine be routinely measured in the risk eval-
uation of hyperinsulinemic patients. Once hyperhomocysteine-
mia is found, it must be treated by folic acid and vitamins of the
B group in an effort to reduce the vascular risk.

Since syndrome X was originally proposed by Reaven, se-
rum uric acid44,45 and plasminogen activator inhibitor type I
(PAI-I)46,47 were found to be significantly correlated to this
metabolic disorder, leading Reaven to state47 that hyperurice-

Fig 3. Correlations between fasting plasma total homocysteine

and other components of syndrome X. (A)Correlation with SBP; (B)

correlation with insulin; (C) correlation with triglycerides. Pearson’s

correlation coefficient (r value), P for trend, and linear regression are

noted in each part of the figure.
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mia and PAI-I belong to the cluster of abnormalities compris-
ing syndrome X. The results presented here indicate that hy-
perhomocysteinemia should also be added to the cluster of
abnormalities derived from insulin resistance.
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