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Abstract

Introduction

Endothelial dysfunction is a precursor of vascular disease. Children at high risk of
vascular disease including children with type 1 diabetes (T1DM) have marked endothelial
dysfunction. Endothelial dysfunction is reversible occurring early in the time-line of
atherosclerosis. The detection of endothelial dysfunction in childhood allows the study of

interventions at an early and potentially reversible stage of vascular damage.

We have previously shown that endothelial dysfunction is common in children with TLDM
and relates to folate status (Wiltshire, Gent et al. 2002) despite higher serum and red cell
folate levels and lower total plasma homocyst(e)ine (tHcy) than healthy controls
(Wiltshire, Thomas et al. 2001; Wiltshire and Couper 2004). Even with these higher
folate levels, in a pilot, cross-over study we have shown that folate supplementation

improves endothelial function in children with TLIDM (Pena, Wiltshire et al. 2004).

Beneficial effects of folate on endothelial function are being demonstrated in increasing
numbers of studies (Verhaar, Wever et al. 1998; Woo, Chook et al. 1999; Doshi,
McDowell et al. 2001; Thambyrajah, Landray et al. 2001; van Etten, de Koning et al.
2002; Woo, Chook et al. 2002). Improvement in endothelial function, has also been
observed within hours of additional oral folate (Doshi, McDowell et al. 2002) and within
minutes of intravenous 5-methyltetrahydrofolate (MTHF), the active form of folate
(Verhaar, Wever et al. 1998; van Etten, de Koning et al. 2002).

Treatment with combination folate and vitamin B6 lowers markers of endothelial
activation (Constans, Blann et al. 1999; Vermeulen, Stehouwer et al. 2000). However,
there is limited literature examining the effect of B6 alone on the endothelium. Vitamin B6
improves endothelial function in cardiac transplant recipients (Miner, Cole et al. 2001).
There is no data examining the effect of supplemental vitamin B6 in TLDM or children at

risk of vascular disease.

Atherosclerosis is an inflammatory process and high-sensitivity C-reactive protein (Hs-

CRP), a marker of inflammation, predicts cardiovascular events in adults. Elevated Hs-
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CRP in otherwise healthy children is associated with impaired endothelial function.

Similar studies in children with TLDM have not been performed.

We therefore aimed to determine the effects, acutely, of folate and vitamin B6 on
endothelial function, and over eight weeks, of folate and vitamin B6, alone and in
combination, on endothelial function. In addition, we sought to determine whether Hs-
CRP, is associated with vascular endothelial and smooth muscle dysfunction, in children

with T1DM and healthy control subjects.

Methods

A randomised, double-blind, placebo-controlled study of folate 5mg daily and vitamin B6
100mg daily in 124 children with TLDM determined the immediate and eight week effects
of these vitamins, alone and in combination, on endothelial function. Endothelial function,
assessed by flow mediated dilatation(FMD) and glyceryl-trinitrate(GTN)-induced dilatation
using high resolution ultrasound of the brachial artery, was measured at baseline, at two
and four hours after the first dose (n=35), and at four and eight weeks of treatment
(n=122). Serum and red cell folate, serum vitamin B6, Hs-CRP, tHcy, HbAlc and blood

glucose were measured at each assessment of endothelial function.

Hs-CRP and endothelial function, were measured at baseline, in 121 subjects with T1DM.
31 subjects with TIDM that were randomised to receive placebo treatment were studied
at four and eight weeks and were included in the longitudinal analysis of Hs-CRP and
endothelial function. Hs-CRP and endothelial function were also studied in 33 age-

matched, healthy control subjects.

Results

FMD normalised in all treatment groups. At baseline and eight weeks FMD [mean(SD)]
on folate improved from 2.6(4.3)% to 9.7(6.0)%(p<0.001), on vitamin B6 from 3.5(4.0)%
to 8.3(4.2)%(p<0.001), and on folate/vitamin B6 from 2.8(3.5)% to 10.5(4.4)%(p<0.001)

respectively. This improvement in FMD occurred within two hours and was maintained

12
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over eight weeks for each treatment. FMD in the placebo group, and GTN-induced
dilatation in all groups, did not change. Increase in serum folate, red cell folate, and
vitamin B6 related to increase in FMD. Improvement in FMD was independent of change
in tHcy, glucose, HbAlc and Hs-CRP. Baseline red cell folate and baseline diastolic
blood pressure inversely related to improvement in FMD. Serum triglycerides and LDL-

cholesterol inversely related to baseline FMD.

Hs-CRP did not differ between subjects with TIDM and healthy, age-matched controls.
In both controls and subjects with TIDM, Hs-CRP did not relate to FMD or GTN-induced
dilatation at baseline or at intervals over eight weeks in subjects with TIDM. Hs-CRP did
not change over time. In T1DM, but not healthy controls, Hs-CRP related to BMI z-
score(r=0.47,p<0.001), weight z-score(r=0.41,p<0.001) and female sex(p=0.008).

Conclusions

High dose folate and vitamin B6 rapidly normalise endothelial dysfunction in children with
T1DM. This effect is maintained over eight weeks with ongoing supplementation.

Combination treatment over eight weeks does not confer additional benefit.

Hs-CRP is not associated with early vascular dysfunction in children with T1DM.
However, in children and adolescents with T1DM, Hs-CRP is associated with female sex
and children with higher BMI suggesting these groups may be at greater cardiovascular

risk.

In addition to optimising metabolic control, intervention with folate or vitamin B6, at an
early stage in childhood, could have a major impact on long-term diabetic vascular
complications, and requires further investigation. Maintenance of a healthy BMI may be

important in the prevention of vascular disease of TLDM.

13
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