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Abstract

The objective of this study is to examine the association between serum levels of insulin and homocysteine (Hcy) in a population-based

sample of Swedish men and women. Men and women (537 and 571, respectively) 40 years or older, who were randomly selected from the

population in Skara, southwestern Sweden, with valid information on serum levels of Hcy and insulin, were subject to a physical

examination, including anthropometric measurement. Lifestyle factors were assessed by a questionnaire, and venous blood samples were

drawn after an overnight fast. Insulin resistance was estimated by the homeostasis model assessment index. Homocysteine was higher in men

(11.0 lmol/L) than in women (9.7 lmol/L) (P b .001) and was positively associated with age (P b .001 in both sexes) and serum creatinine

(P = .009 in men, P b .001 in women), but inversely associated with leisure time physical activity (P = .012 in men, P = .001 in women).

There was a positive association between serum insulin and serum Hcy independent of age and sex (P = .004). Upon exclusion of patients

with diabetes and individuals with serum creatinine level greater than 130 lcat/L, this association was significant in the remaining 999

individuals also after adjustment for age, sex, serum creatinine, leisure time physical activity, body mass index, and smoking status (P =

.003). A 1 SD difference in serum insulin corresponded to a difference of 0.5 lmol/L in serum Hcy. A similar association was found between

insulin resistance and serum Hcy. In conclusion, there is an association between serum insulin and Hcy that may constitute a link between the

metabolic syndrome and Hcy, either unilaterally or as part of a vicious circle.

D 2006 Elsevier Inc. All rights reserved.
1. Introduction

Over the past decade, the amino acid homocysteine

(Hcy) has attracted much medical attention. It has been

established as an independent risk factor or risk marker [1]

for several illnesses, such as atherosclerosis [2,3], neural

tube defects of the unborn [4], Alzheimer’s disease, and

other neurologic pathologies [5]. It has been suggested that

hyperhomocysteinemia confers an independent risk for

cardiovascular disease comparable to that of smoking and

hyperlipidemia [6].

Normally, serum levels of Hcy are kept low by

continuous turnover to either methionine or cysteine [7]

(Fig. 1). Known risk factors for hyperhomocysteinemia are
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poor diet (lack of folate, vitamin B12, or vitamin B6), genetic

variations (default in cystatin B synthetase or 5,10-

methylene tetrahydrofolate reductase), impaired kidney

function, certain carcinomas, hypothyroidism, certain med-

ications, and smoking [8]. The atheropathology of hyper-

homocysteinemia has been proposed to result from

oxidizing effects on low-density lipoprotein (LDL) [8] as

well as auto-oxidation of Hcy, leading to increases in

endothelium-damaging hydrogen peroxide [9-11]. Many

studies have investigated the physiologic background of

serum Hcy levels. In addition to inadequate nutrition and

deficiencies in vitamins, also kidney function, smoking, and

coffee consumption have been proved determinants of high

Hcy [12]. A Norwegian epidemiological study showed an

inverse association between Hcy and leisure time physical

activity (LTPA) [13], a finding that was recently confirmed

by a study in patients with type 2 diabetes mellitus within

our project [14].
perimental 55 (2006) 1007–1013



Fig. 1. The metabolism of Hcy. CBS indicates cystathionine b-synthase; MTHFR, 5,10-methylene tetrahydrofolate reductase; MS, methionine synthase.
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Several, although not all, earlier studies have also found

associations between diabetes itself and Hcy [15-18].

Research in rat models has proposed that insulin alters the

activity of metabolic enzymes involved in the turnover of

Hcy [19]. In 1998, the first study in humans exploring such

a connection showed a positive association between serum

insulin and Hcy levels [20]. Since then, several similar

studies have been performed; however, most have been

based on small population samples or have been restricted to

diabetic patients. To our knowledge, only 2 other large-scale

epidemiological studies exist to date. Of these, one in

Mexican American men failed to show an association

between Hcy and diabetes status or fasting serum insulin

[21], whereas the other, from the Framingham Offspring

Study, did show a moderate association between compo-

nents of the metabolic syndrome and Hcy levels [22]. In the

current study, we thus aimed to investigate the association

between serum insulin and plasma levels of Hcy in a

Swedish community, and to explore the impact of lifestyle

factors and kidney function on this association.
2. Research design and methods

2.1. Subjects

The Skara Population Study was conducted in 1993 to

1994 as an age-stratified randomized sample of both men

and women 40 years or older [23]. Of all the invited, 1109

(80%) accepted to join the study. Of these, 1 man lacked

sample for serum insulin and serum homocysteine, and he

was excluded from the present study population, leaving

537 men and 571 women to be further explored. Mean age

was 63.0 years (range, 40-90 years) in men and 62.7 years

(range, 40-90 years) in women.

The study protocol was approved by the regional

ethical review board at the University of Gfteborg,
Gfteborg, Sweden. All participants gave informed consent

before enrolment.
2.2. Methods

In the morning, after an overnight 10-hour fast, all

individuals were seen at the Skara Health Care Centre,

Skara, Sweden, and examined by specially trained nurses.

The survey has been presented in more detail previously

[24]. A standard physical examination recorded standing

heart rate, and systolic and diastolic (phase V) blood

pressure to the closest 2 mm Hg. Measurements were made

in the right brachial artery with the arm at heart level using a

cuff with automatic adjustment for arm circumference [25].

Height (no shoes, nearest centimeters), weight (light indoor

clothing, nearest 0.1 kg), and waist-hip ratio (nearest

centimeters) were also recorded.

Serum creatinine was analyzed at the local hospital

laboratory (K7rnsjukhuset, Skfvde, Sweden). Serum lipid

analyses were performed at the Lipids Laboratory, Lund

University Hospital, Lund, Sweden. Serum insulin and plasma

Hcy were analyzed at the Wallenberg Laboratory, Malmf
University Hospital, Malmf, Sweden. Serum insulin was

analyzed using enzyme-linked immunosorbent assay with

less than 0.3% cross-reactivity for proinsulin (kit from

DRACO Diagnostics, Ely, Cambridgeshire, UK) [26]. Anal-

ysis of plasma Hcy measured the total concentration of all Hcy

forms, using high-performance liquid chromatography with

fluorescence detection (reference range b 18 lmol/L) [27].

Diagnostic criteria for diabetes mellitus followed World

Health Organization recommendations [28], and this proce-

dure has been described in detail previously [24]. Homeo-

stasis model assessment (HOMA) of insulin resistance (IR)

was computed from fasting glucose and insulin concen-

trations using the HOMA method [29]. Because the HOMA

method is not applicable to insulin-treated subjects, 13

individuals receiving insulin treatment were excluded from

HOMA analyses.

A previously tested self-administered questionnaire [24]

filled out at the clinic provided information regarding

smoking habits and LTPA. Regarding LTPA level, subjects



Table 1

Descriptive characteristics of the study population

Variables (units) Men (n = 537) Women (n = 571) P

Mean (SD) Mean (SD)

Age (y) 63.0 (13.0) 62.7 (13.0) .707

Hcy (lmol/L) 11.0 (4.4) 9.7 (4.4) b .001

Waist circumference (cm) 95 (10.1) 84 (10.1) b .001

Waist-hip ratio (cm) 0.93 (0.1) 0.81 (0.1) b .001

BMI (kg/m2) 26.3 (4.1) 26.5 (4.1) .588

Systolic blood

pressure (mm Hg)

137 (18.4) 139 (18.4) .074

Diastolic blood

pressure (mm Hg)

78 (10.1) 75 (10.1) b .001

Creatinine (lcat/L) 96 (12.8) 84 (12.8) b .001

Triglycerides (mmol/L)a 1.3 (7.1) 1.1 (7.1) b .001

Total cholesterol (mmol/L) 5.9 (1.1) 6.1 (1.1) .020

HDL-C (mmol/L) 1.0 (0.3) 1.2 (0.2) b .001

LDL-C (mmol/L) 4.3 (1.0) 4.3 (1.0) .357

Serum insulin (mU/L)a 5.3 (7.6) 5.0 (7.6) .134

HOMA-IRa 1.11 (1.3) 1.01 (1.4) .055

Means were adjusted for age difference. Because of missing values, 0 to 17

men and women were excluded per analysis. HDL-C indicates high-density

lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
a Geometric means used because of skewed distributions.

able 2

erum Hcy levels (lmol/L) and serum insulin levels (mU/L) in 10-year age

roups in men and women, respectively

ge groups n % Homocysteine Serum insulin

Mean (SD) Mean (SD)

en (n = 537)

0 to b50 112 20.8 9.4 (3.7) 4.6 (6.0)

0 to b60 117 21.7 10.4 (6.5) 5.0 (6.0)

0 to b70 126 23.4 10.84 (4.6) 5.944 (6.0)

0 to b80 125 23.2 12.4444 (5.7) 5.844 (6.0)

80 58 10.8 13.5444 (4.8) 5.1 (6.0)

est for trend P b .001 P = .033

omen (n = 571)

0 to b50 117 20.5 8.1 (2.6) 4.5 (8.9)

0 to b60 131 22.9 8.9 (3.0) 4.5 (9.0)

0 to b70 139 24.3 9.04 (2.1) 4.8 (8.9)

0 to b80 116 20.3 10.8444 (4.2) 6.044 (9.0)

80 68 11.9 13.6444 (5.4) 5.4 (8.9)

est for trend P b .001 P = .002

ifferences in means between age groups were analyzed by GLM. Linear

gression was used to determine trend across different age groups.

4 P b .05 for difference compared with the reference group (aged 40 to

50 years).

44 P b .01 for difference compared with the reference group (aged 40

b50 years).

444 P b .001 for difference compared with the reference group (aged

0 to b50 years).
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chose from 4 options: (1) leisure time mainly spent reading

and watching television; (2) soft physical activity, such as

walking or bicycling, at least 4 hours per week; (3) moderate

physical exercise, such as running, swimming, playing

tennis, or the equivalent, at least 2 h/wk; and (4) regular

hard exercise or competitive sport activities. Because of the

low number of subjects in group 4, this group was combined

with group 3 for statistical analysis. Regarding smoking, 3

groups were posited: those never having been smokers, ex-

smokers, and current smokers.

2.3. Statistical analyses

All statistical analyses were performed using the SPSS

program (SPSS system for Windows 11.5; SPSS, Chicago,

IL). Standard methods were used for the descriptive

statistics. Proportions were standardized according to the

complete population, 40 years and older, in Skara using

10-year age categories. Means were adjusted for differ-

ences in age between groups with general linear model

(GLM). Differences in mean levels of continuous variables

between groups were analyzed with GLM and trends

across groups with linear regression analysis adjusting for

differences in age and other variables as specified.

Associations between Hcy and both serum insulin and

HOMA-IR were computed with multiple linear regressions

with outcomes presented using the regression coefficient

and corresponding confidence interval (CI). Because of

skewed distributions, serum insulin, HOMA-IR, and serum

triglycerides were log transformed for analyses. Confound-

ing from sex was accounted for by stratification or by

adjustment for sex differences in multiple regression

analyses. All tests were 2-sided, and statistical significance

was assumed at P b .05.
3. Results

3.1. Characteristics of study group

Descriptive characteristics of the population sample are

presented in Table 1. Plasma Hcy was significantly higher in

men (11.0 F 4.4 lmol/L) than in women (9.7 F 4.4 lmol/

L) (P b .001). Table 2 shows the successive increase in Hcy

levels by 10-year age groups in men and in women, both P

for trend of less than .001. A corresponding, but weaker,

trend was seen for serum insulin in both sexes.

3.2. Mean Hcy levels in lifestyle subgroups

Table 3 presents Hcy means in subgroups according to

lifestyle factors, serum creatinine, and obesity. In both

sexes, there were significant dose-related associations

between LTPA and plasma Hcy (inverse) and between

serum creatinine levels and Hcy (positive). Body mass index

(BMI) and other obesity markers (waist circumference and

waist-hip ratio) were not significant determinators of Hcy

levels. However, levels of Hcy were highest in obese

subjects in both men and women.

3.3. Associations between serum insulin and Hcy levels

There was a significant direct association between serum

insulin and Hcy levels, independent of age and sex (P =

.007). The association remained significant after further

adjustment for serum creatinine, LTPA, BMI, and smoking

status one by one; however, whenever 2 of these covariates

were entered in the same model, the significance disap-

peared. However, upon exclusion of patients with diabetes
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Table 4

Associations between serum insulin (independent variable) and Hcy

(dependent variable) after exclusion of subjects with diabetes and/or

creatinine values greater than 130 lcat/L (n = 999)
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(n = 97) and individuals with serum creatinine level greater

than 130 lcat/L (n = 19), this association was significant in

both men (P = .041) and women (P = .002) and remained
Table 3

Mean serum Hcy levels (lmol/L) in subgroups according to LTPA, kidney

function, smoking status, and BMI category in men and women

Serum Hcy

n (%) Mean (SD)

Men (n = 537)

LTPA

Moderate to high 156 (31.7) 10.2 (5.23)

Light 303 (58.1) 11.44 (5.20)

None 54 (10.2) 11.94 (5.26)

Test for trend (adjusted for age) P = .012

Test for trend (adjusted for age, creatinine) P = .015

Serum creatinine (quartiles)

V80 lcat/L 43 (8.1) 10.5 (5.12)

81-88 lcat/L 101 (19.0) 10.6 (5.15)

89-98 lcat/L 186 (35.7) 10.4 (5.13)

N98 lcat/L 207 (37.2) 12.0 (5.18)

Test for trend (adjusted for age) P = .009

Test for trend (adjusted for age, LTPA) P = .012

Smoking status

Never smoked 205 (37.2) 11.0 (5.19)

Ex-smoker 210 (39.2) 10.8 (5.17)

Current smoker 118 (23.6) 11.6 (5.21)

Test for trend (adjusted for age) P = .598

BMI categories (WHO)

b25 kg/m2 (normal) 186 (35.3) 11.3 (5.12)

25 to b30 kg/m2 (overweight) 285 (52.8) 10.6 (5.12)

z30 kg/m2 (obese) 62 (11.9) 12.4 (5.12)

Test for trend (adjusted for age) P = .658

Women (n = 571)

LTPA

Moderate to high 99 (17.7) 9.4 (3.44)

Light 404 (71.5) 9.5 (3.41)

None 58 (10.8) 11.944 (3.59)

Test for trend (adjusted for age) P = .001

Test for trend (adjusted for age, creatinine) P = .003

Serum creatinine (quartiles)

V80 lcat/L 256 (45.0) 8.9 (3.29)

81-88 lcat/L 167 (29.8) 9.4 (3.25)

89-98 lcat/L 100 (16.8) 10.744 (3.27)

N98 lcat/L 48 (8.4) 13.344 (3.37)

Test for trend (adjusted for age) P b .001

Test for trend (adjusted for age, LTPA) P b .001

Smoking status

Never smoked 350 (59.7) 9.5 (3.53)

Ex-smoker 117 (21.4) 9.9 (3.49)

Current smoker 103 (18.9) 10.1 (3.55)

Test for trend (adjusted for age) P = .115

BMI categories (WHO)

b25 kg/m2 (Normal) 235 (42.5) 9.5 (3.47)

25 to b30 kg/m2 (overweight) 221 (38.2) 9.9 (3.46)

V30 kg/m2 (obese) 112 (19.3) 10.0 (3.46)

Test for trend (adjusted for age) P = .157

Differences in means were analyzed by GLM with age as covariate.

Multiple linear regressions were used to test for trend of difference in Hcy

across categories. WHO indicates World Health Organization.

4 P b .05 for difference compared with the reference group (first group).

44 P b .001 for difference compared with the reference group (first

group).

Regression coefficienta

(95% CI)

P

Serum insulin (log) 2.02 (1.08-2.95) .000

Adjusted for age and sex 1.58 (0.69-2.47) .001

Adjusted for age, sex, and creatinine 1.45 (0.57-2.32) .001

Adjusted for age, sex, and LTPA 1.43 (0.50-2.35) .003

Adjusted for age, sex, and BMI 1.61 (0.60-2.62) .002

Adjusted for age, sex, and

smoking status

1.66 (0.76-2.55) .000

Adjusted for age, sex, creatinine,

and LTPA

1.57 (0.54-2.59) .003

Associations between serum insulin and Hcy were estimated using multiple

linear regressions. For this sample, the association was subsignificant

whenever any 2 of the variables serum creatinine, LTPA, BMI, or smoking

status were entered into the same model together with age and sex.
a Regression coefficient for the association between serum insulin

(independent variable) and Hcy (dependent variable).
after adjustment for age, sex, creatinine, LTPA, BMI, and

smoking status (P = .003; regression coefficient, 1.57; 95%

CI, 0.54-2.59) (Table 4). In absolute terms, a difference of 1

SD in serum insulin corresponded to a difference of 0.5

lmol/L in serum Hcy. Similar results were obtained when

only patients with diabetes but not those with serum

creatinine greater than 130 lcat/L were excluded. When

HOMA-IR was substituted for serum insulin, the same

significant pattern was revealed.
4. Discussion

The main finding of this study was the significant

independent association between serum insulin and Hcy

levels. Thus, Hcy may be dependent on serum insulin,

providing a potential link between the metabolic syndrome

and hyperhomocysteinemia.

First, we explored the association between serum insulin

and Hcy in the full population sample. When this as-

sociation was confirmed, we excluded subjects with dia-

betes and those with serum creatinine level greater than

130 lcat/L, and the association between serum insulin and

Hcy was strengthened. Patients with diabetes were excluded

also in the 2 previous large-scale epidemiological studies

[21,22]. Physiologic associations between insulin and Hcy

are disturbed by the diabetic condition and by its treatment

[30]. The rationale for excluding individuals with high

serum creatinine levels is that the impaired renal function

indicated by high creatinine values tends to increase Hcy

levels because of disruption of kidney metabolism and

clearance of Hcy independent of insulin levels [31,32].

The cross-sectional nature of this study makes it

impossible to determine any causal relationships, or the

direction of any associations. However, 2 plausible theories

could explain our findings. Experimental research on
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induced diabetes in rat models or cell cultures [19,33-36]

indicates that insulin levels affect the activity of enzymes

that are critical in the metabolism of Hcy. This has been

shown most consistently for the enzyme cystathionine b-
synthase, which converts Hcy to cysteine (Fig. 1). In the rat

models, insulin causes a reduction of cystathionine b-
synthase, leading to Hcy accumulation. In addition,

enzymes 5,10-methylene tetrahydrofolate reductase and

methionine synthase have been shown to vary with insulin

levels, although here, the evidence is controversial

[19,34,36]. These experimental findings in rat models are

consistent with our results. According to the alternative

theory, interactions go the other way. Elevated levels of Hcy

are damaging to the endothelium, through generation of

reactive oxidative chemicals, hampering of the vasodilating

function of nitric oxide, and oxidation of LDL cholesterol

[8-11]. Possibly, this endothelial damage also increases IR,

which is known to result from similar endothelial changes

[37]. This IR will then lead to elevated insulin levels, still in

accordance with our findings.

In both cases, IR seems to be an important factor. The

increase in insulin after IR will affect Hcy metabolism

according to the first model [36], or high Hcy levels will

induce IR according to the second model [22]. In our study,

an association between IR and Hcy similar to that of insulin

was indeed found consistent with the existence of a vicious

circle. Thus, part of the dangers of Hcy might be explained

by its link with IR. Two American large-scale epidemio-

logical studies, by Meigs et al [22] and by Gillum [21], have

previously explored the issue. Like our study, Meigs et al

found a significant association between serum insulin and

Hcy levels. However, in his study of Mexican American

men, Gillum found no such association. This might be

explained by that study’s smaller sample size or by the

genetic, cultural, and socioeconomic differences between

Mexican Americans and our Swedish rural population.

Other results in our study include the clear-cut, dose-

response inverse relationship between Hcy and LTPA. This

is well in keeping with earlier studies [13,14,38], but these

offer no explanation for the finding. Along the lines of the

hypothesis mentioned, focusing on IR giving high insulin

levels that alter the metabolism of Hcy, the association to

LTPA might be consistent with LTPA counteracting IR

[39,40]. Furthermore, exercise-aware individuals also tend

to keep a good nutrition, and it is well known that a high

intake of folate and vitamins B12 and B6 counteracts high

Hcy levels [12]. An association between smoking and Hcy

has been described by several research teams [12,41,42]. In

our study, we found no such association. Partly, the reason

could be that these studies graded smokers depending on

daily cigarette consumption, whereas our study only

discerned among smokers, ex-smokers, and nonsmokers.

Furthermore, the prevalence of smoking in our study sample

was comparatively low. These circumstances may have

reduced the power to detect any differences associated with

smoking, and the possibility of a type 2 error should be
considered. Like in many previous studies, BMI and other

markers for obesity were not significant determinants of

Hcy [21,43-45]. We cannot, however, conclusively rule out

an association because levels of Hcy were highest in obese

subjects in both men and women, and the possibility of

insufficient power should be considered.

The strength of this article is its community-based

epidemiological setting. The population sample is larger

and the participation rate higher than in many previous

studies. In addition, whereas there are several studies

examining Hcy levels in Swedish elderly individuals with

regard to diet and medication [46-48], this is the first to

show descriptive figures for Hcy levels in a defined Swedish

population representing the whole adult population. One

limitation is the lack of information on vitamin status. A

high intake of folate and vitamins B6 and B12 is known to

correlate with low plasma Hcy [12] because these vitamins

play a role in the metabolism of Hcy (Fig. 1). For the

association between LTPA and Hcy, in particular, vitamin

status could be a confounder because those with a healthy

lifestyle also tend to eat healthier [49].

In conclusion, in this epidemiological study, we found a

significant association between Hcy and both serum insulin

and HOMA-IR, thus, linking Hcy and the metabolic

syndrome. This linkage is also suggested by the inverse

associations to LTPA. More research is needed to elucidate

the physiologic mechanisms mediating these effects. This

study is also consistent with the possibility that the

atherogenic effects of Hcy are in fact attributable to IR. In

future Hcy intervention studies, we suggest that insulin

levels and IR should be monitored in addition to vitamins

and exercise, and also in nondiabetic subjects.
Acknowledgment

This study was supported by grants from the Swedish

Science Council, the Skaraborg Institute, the Health and

Medical Care Committee of the Regional Executive Board

of the V7stra Gftaland Region, Skaraborg Primary Care,

the Sk3ne Region, Lund University, Malmf University

Hospital Donation Foundation, P3hlsson Foundation, and

Lundberg Foundation.
References

[1] Weiss N, Hilge R, Hoffmann U. Mild hyperhomocysteinemia: risk

factor or just risk predictor for cardiovascular diseases? Vasa 2004;

33:191-203.

[2] Eikelboom JW, Lonn E, Genest Jr J, Hankey G, Yusuf S.

Homocyst(e)ine and cardiovascular disease: a critical review of the

epidemiologic evidence. Ann Intern Med 1999;131:363-75.

[3] Boushey CJ, Beresford SA, Omenn GS, Motulsky AG. A quantitative

assessment of plasma homocysteine as a risk factor for vascular

disease. Probable benefits of increasing folic acid intakes. JAMA

1995;274:1049-57.

[4] de la Calle M, Usandizaga R, Sancha M, Magdaleno F, Herranz A,

Cabrillo E. Homocysteine, folic acid and B-group vitamins in



J. Björck et al. / Metabolism Clinical and Experimental 55 (2006) 1007–10131012
obstetrics and gynaecology. Eur J Obstet Gynecol Reprod Biol

2003;107:125-34.

[5] Sachdev P. Homocysteine, cerebrovascular disease and brain atrophy.

J Neurol Sci 2004;226:25-9.

[6] Graham IM, Daly LE, Refsum HM, Robinson K, Brattstrom LE,

Ueland PM. Plasma homocysteine as a risk factor for vascular disease.

The European Concerted Action Project. JAMA 1997;277:1775-81.

[7] Stipanuk MH. Sulfur amino acid metabolism: pathways for production

and removal of homocysteine and cysteine. Annu Rev Nutr 2004;24:

539 -77.

[8] Welch GN, Loscalzo J. Homocysteine and atherothrombosis. N Engl J

Med 1998;338:1042-50.

[9] Upchurch Jr GR, Welch GN, Fabian AJ, Pigazzi A, Keaney Jr JF,

Loscalzo J. Stimulation of endothelial nitric oxide production by

homocyst(e)ine. Atherosclerosis 1997;132:177 -85.

[10] Weiss N. Mechanisms of increased vascular oxidant stress in

hyperhomocysteinemia and its impact on endothelial function. Curr

Drug Metab 2005;6:27-36.

[11] Stuhlinger MC, Stanger O. Asymmetric dimethyl-l-arginine

(ADMA): a possible link between homocyst(e)ine and endothelial

dysfunction. Curr Drug Metab 2005;6:3 -14.

[12] Jacques PF, Bostom AG, Wilson PW, Rich S, Rosenberg IH, Selhub J.

Determinants of plasma total homocysteine concentration in the

Framingham Offspring cohort. Am J Clin Nutr 2001;73:613-21.

[13] Nygard O, Vollset SE, Refsum H, Stensvold I, Tverdal A, Nordrehaug

JE, et al. Total plasma homocysteine and cardiovascular risk profile.

The Hordaland Homocysteine Study. JAMA 1995;274:1526 -33.

[14] Hellgren M, Melander A, Ostgren CJ, Rastam L, Lindblad U. Inverse

association between serum homocysteine, sulphonylurea exposure and

physical activity: a community-based sample of type 2 diabetes

patients in the Skaraborg Hypertension and Diabetes Project. Diabetes

Obes Metab 2005;7:421-9.

[15] Mazza A, Bossone E, Mazza F, Distante A. Reduced serum

homocysteine levels in type 2 diabetes. Nutr Metab Cardiovasc Dis

2005;15:118 -24.

[16] Schalinske KL. Interrelationship between diabetes and homocysteine

metabolism: hormonal regulation of cystathionine beta-synthase. Nutr

Rev 2003;61:136-8.

[17] Emoto M, Kanda H, Shoji T, Kawagishi T, Komatsu M, Mori K, et al.

Impact of insulin resistance and nephropathy on homocysteine in type

2 diabetes. Diabetes Care 2001;24:533-8.

[18] Chico A, Perez A, Cordoba A, Arcelus R, Carreras G, de Leiva A,

et al. Plasma homocysteine is related to albumin excretion rate in

patients with diabetes mellitus: a new link between diabetic

nephropathy and cardiovascular disease? Diabetologia 1998;41:

684 -93.

[19] Fonseca V, Dicker-Brown A, Ranganathan S, Song W, Barnard RJ,

Fink L, et al. Effects of a high-fat–sucrose diet on enzymes in

homocysteine metabolism in the rat. Metabolism 2000;49:736 -41.

[20] Giltay EJ, Hoogeveen EK, Elbers JM, Gooren LJ, Asscheman H,

Stehouwer CD. Insulin resistance is associated with elevated plasma

total homocysteine levels in healthy, non-obese subjects. Atheroscle-

rosis 1998;139:197-8.

[21] Gillum R. Distribution of serum total homocysteine and its association

with diabetes and cardiovascular risk factors of the insulin resistance

syndrome in Mexican American men: Third National Health and

Nutrition Examination Survey. Nutr J 2003;2:6.

[22] Meigs JB, Jacques PF, Selhub J, Singer DE, Nathan DM, Rifai N,

et al. Fasting plasma homocysteine levels in the insulin resistance

syndrome: the Framingham offspring study. Diabetes Care 2001;24:

1403-10.

[23] Ostgren CJ, Lindblad U, Ranstam J, Melander A, Rastam L.

Associations between smoking and beta-cell function in a non-

hypertensive and non-diabetic population. Skaraborg Hypertension

and Diabetes Project. Diabet Med 2000;17:445-50.

[24] Bog-Hansen E, Lindblad U, Bengtsson K, Ranstam J, Melander A,

Rastam L. Risk factor clustering in patients with hypertension and
non–insulin-dependent diabetes mellitus. The Skaraborg Hypertension

Project. J Intern Med 1998;243:223 -32.

[25] Rastam L, Sjonell G. Measurement of blood pressure with tricuff.

Lancet 1991;337:1162.

[26] Andersen L, Dinesen B, Jorgensen PN, Poulsen F, Roder ME. Enzyme

immunoassay for intact human insulin in serum or plasma. Clin Chem

1993;39:578-82.

[27] Fiskerstrand T, Refsum H, Kvalheim G, Ueland PM. Homocysteine

and other thiols in plasma and urine: automated determination and

sample stability. Clin Chem 1993;39:263 -71.

[28] World Health Organisation Expert Committee. Diabetes mellitus.

Technical report series no. 742. Geneva7 WHO; 1985.

[29] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,

Turner RC. Homeostasis model assessment: insulin resistance and

beta-cell function from fasting plasma glucose and insulin concen-

trations in man. Diabetologia 1985;28:412-9.

[30] Fonseca VA, Mudaliar S, Schmidt B, Fink LM, Kern PA, Henry RR.

Plasma homocysteine concentrations are regulated by acute hyper-

insulinemia in nondiabetic but not type 2 diabetic subjects.

Metabolism 1998;47:686-9.

[31] Bostom AG, Lathrop L. Hyperhomocysteinemia in end-stage renal

disease: prevalence, etiology, and potential relationship to arterioscle-

rotic outcomes. Kidney Int 1997;52:10-20.

[32] House JD, Brosnan ME, Brosnan JT. Characterization of homocys-

teine metabolism in the rat kidney. Biochem J 1997;328(Pt 1):287-92.

[33] Gursu MF, Baydas G, Cikim G, Canatan H. Insulin increases

homocysteine levels in a dose-dependent manner in diabetic rats.

Arch Med Res 2002;33:305-7.

[34] Jacobs RL, House JD, Brosnan ME, Brosnan JT. Effects of

streptozotocin-induced diabetes and of insulin treatment on homo-

cysteine metabolism in the rat. Diabetes 1998;47:1967-70.

[35] Fonseca V, Keebler M, Dicker-Brown A, Desouza C, Poirier LA,

Murthy SN, et al. The effect of troglitazone on plasma homocysteine,

hepatic and red blood cell S-adenosyl methionine, and S-adenosyl

homocysteine and enzymes in homocysteine metabolism in Zucker

rats. Metabolism 2002;51:783 -6.

[36] Dicker-Brown A, Fonseca VA, Fink LM, Kern PA. The effect of

glucose and insulin on the activity of methylene tetrahydrofolate

reductase and cystathionine-beta-synthase: studies in hepatocytes.

Atherosclerosis 2001;158:297 -301.

[37] Pinkney JH, Stehouwer CD, Coppack SW, Yudkin JS. Endothelial

dysfunction: cause of the insulin resistance syndrome. Diabetes 1997;

46(Suppl 2):S9 -S13.

[38] Chrysohoou C, Panagiotakos DB, Pitsavos C, Zeimbekis A, Zampelas

A, Papademetriou L, et al. The associations between smoking,

physical activity, dietary habits and plasma homocysteine levels in

cardiovascular disease-free people: the dATTICAT study. Vasc Med

2004;9:117-23.

[39] Barnard RJ. Prevention of cancer through lifestyle changes. Evid

Based Complement Alternat Med 2004;1:233 -9.

[40] Gustat J, Srinivasan SR, Elkasabany A, Berenson GS. Relation of self-

rated measures of physical activity to multiple risk factors of insulin

resistance syndrome in young adults: the Bogalusa Heart Study. J Clin

Epidemiol 2002;55:997 -1006.

[41] Nygard O, Refsum H, Ueland PM, Vollset SE. Major lifestyle

determinants of plasma total homocysteine distribution: the Hordaland

Homocysteine Study. Am J Clin Nutr 1998;67:263-70.

[42] Nyg3rd O, Vollset SE, Refsum H, et al. Total plasma homocysteine

and cardiovascular risk profile. The Hordaland Homocysteine Study.

JAMA 1995;274:1526-33.

[43] Sandhu JS, Singh I, Aggarwal SP, Narang AP, Sandhu P. Plasma

homocysteine and insulin in diabetic nephropathy: relationship to

body mass index. Ren Fail 2004;26:689 -93.

[44] El-Khairy L, Ueland PM, Nygard O, Refsum H, Vollset SE. Lifestyle

and cardiovascular disease risk factors as determinants of total

cysteine in plasma: the Hordaland Homocysteine Study. Am J Clin

Nutr 1999;70:1016-24.



J. Björck et al. / Metabolism Clinical and Experimental 55 (2006) 1007–1013 1013
[45] Araki A, Sako Y, Ito H. Plasma homocysteine concentrations in

Japanese patients with non–insulin-dependent diabetes mellitus: effect

of parenteral methylcobalamin treatment. Atherosclerosis 1993;

103:149-57.

[46] Bjorkegren K, Svardsudd K. A population-based intervention study

on elevated serum levels of methylmalonic acid and total homocys-

teine in elderly people: results after 36 months of follow-up. J Intern

Med 2004;256:446 -52.

[47] Nilsson SE, Takkinen S, Johansson B, Dotevall G, Melander A, Berg

S, et al. Laxative treatment elevates plasma homocysteine: a study on
a population-based Swedish sample of old people. Eur J Clin

Pharmacol 2004;60:45 -9.

[48] Nilsson SE, Takkinen S, Tryding N, Evrin PE, Berg S, McClearn G,

et al. Association of biochemical values with morbidity in the elderly:

a population-based Swedish study of persons aged 82 or more years.

Scand J Clin Lab Invest 2003;63:457-66.

[49] Park SY, Murphy SP, Wilkens LR, Yamamoto JF, Sharma S, Hankin

JH, et al. Dietary patterns using the Food Guide Pyramid groups are

associated with sociodemographic and lifestyle factors: the multieth-

nic cohort study. J Nutr 2005;135:843 -9.


	Associations between serum insulin and homocysteine in a Swedish population-a potential link between the metabolic syndrome and hyperhomocysteinemia: The Skaraborg project
	Introduction
	Research design and methods
	Subjects
	Methods
	Statistical analyses

	Results
	Characteristics of study group
	Mean Hcy levels in lifestyle subgroups
	Associations between serum insulin and Hcy levels

	Discussion
	Acknowledgment
	References


