
Abstract

Aims/hypothesis. Although hyperhomocysteinaemia and 
methylenetetrahydrofolate reductase gene polymor-
phism are accepted risk factors for cardiovascular dis-
ease, their association with micro angiopathy or blood
pressure in diabetic patients is still being debated.
This study explores the relation between plasma ho-
mocysteine concentrations, methylenetetrahydrofolate
reductase gene polymorphism, hypertension, diabetic
microvascular and macrovascular complications asso-
ciated with kidney function.
Methods. Vascular complications, hypertension, meth-
ylenetetrahydrofolate reductase genotype (RFLP with
Hinf I digestion), and total plasma homocysteine
(HPLC) were investigated in 389 well-characterized
Type I (insulin-dependent) diabetic patients with nor-
mal (GFR≥75 ml·min–1·(1.73 m2)–1; n=273), or im-
paired renal function (GFR <75 ml·min–1·(1.73 m2)–1;
n=116).
Results. Patients with microvascular and macrovascu-
lar complications showed higher total plasma homo-
cysteine concentrations than those without complica-

tions. However, after the data for GFR (main determi-
nant for plasma homocysteine) was adjusted we ob-
served that plasma homocysteine concentrations
greater than 8.6 µmol/l in patients with normal GFR
are not related to vascular complications, but to hyper-
tension (8.6–11.3 µmol/l: OR 1.9; >11.3 µmol/l: OR
3.7). The risk for coronary heart disease (CHD) was
also enhanced by a plasma homocysteine concentra-
tion greater than 11.3 µmol/l (OR 5.9). Although the 
T allele was an independent determinant of plasma
homocysteine, the methylenetetrahydrofolate reduc-
tase gene polymorphism was neither associated with
diabetic vascular complications nor with hypertension.
Conclusion/interpretation. Increased plasma homo-
cysteine concentrations but not the T allele per se, en-
hance the risk of hypertension and of CHD in Danish
Type I diabetic patients with normal renal function.
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The excess mortality in patients with Type I (insulin-
dependent) diabetes mellitus is related to the develop-
ment of diabetic nephropathy [1], which is associated
with an increasing incidence of CHD, retinopathy and
rising blood pressure. Epidemiological studies have
shown that the risk and severity of those diabetic mi-
crovascular and macrovascular complications are
strongly related to the duration of diabetes, poor glyc-
aemic control, and hypertension. However, results of
interventional trials indicated that intensified insulin
treatment and antihypertensive therapy could not en-



tirely prevent patients from death. Growing evidence
suggests that further metabolic as well as inherited
factors [2, 3] might be involved in the pathogenesis of
diabetic vascular complications.

Mild hyperhomocysteinaemia which has emerged
as a new independent risk factor for premature arterio-
sclerosis and cardiovascular disease [4] can be caused
by methylenetetrahydrofolate reductase (MTHFR) 
deficiency, an inherited defect of the homocysteine 
metabolism. MTHFR, a cytoplasmatic enzyme, ex-
pressed by human vascular endothelium, acts in the
remethylation pathway by which homocysteine is re-
methylated to methionine. A common mutation of the
MTHFR gene, a cytosine (C) to thymidine (T) substi-
tution at nucleotide 677 of the cDNA sequence
(C677T), leads to the conversion of alanine to valine
in the protein sequence [5]. This results in an enzyme
with temperature-related loss of function, causing hy-
perhomocysteinaemia, and thus increased susceptibili-
ty for premature atherosclerotic disease in non-diabe-
tic subjects [6]. It has been suggested that the MTHFR
gene polymorphism also confers increased suscepti-
bility to the microvascular complications of diabetic
retinopathy [6, 7] and nephropathy [8, 9]. However,
only a few studies have addressed the association of
MTHFR gene polymorphism and/or the tHcy concen-
tration with diabetic nephropathy [10, 11], retinopathy
[7, 10, 11, 12], and diabetic macrovascular [11, 13]
complications, with conflicting results. This might be
partially due to small study groups and methodologi-
cal differences, but also due to the effect of impaired
renal function (defined by creatinine clearance) on
tHcy concentrations was not taken into account.

Increased tHcy concentrations were also suggested
to be related to hypertension in non-diabetic patients
[14, 15] also to mean blood pressure and to diastolic
blood pressure in Type II (non-insulin-dependent) dia-
betic patients [16]. However, it has not been investi-
gated yet, whether tHcy and/or MTHFR gene poly-
morphism have an additive effect on hypertension in
diabetes mellitus.

This study investigated the relation between tHcy
and GFR in patients with normal and with impaired
renal function whether there is an association of tHcy
concentrations with microvascular and macrovascular
complications in Type I diabetic patients, and whether
the MTHFR gene polymorphism can predict these
complications. We also addressed whether high tHcy
concentrations cluster with hypertension, the impor-
tant risk factor which CHD, CVD, retinopathy, and
nephropathy have in common.

Subjects and methods

Patients. Included in the case-control study were 318 Danish
Type I diabetic patients attending the outpatient clinic at Steno
Diabetes Center. Taking into account that tHcy might be influ-

enced by kidney function [17] the patients were divided into
two groups, one group with normal renal function (n=273),
and one group with impaired renal function (n=116). Normal
renal function was defined by a GFR greater than or equal to
75 ml·min–1·(1.73 m2)–1, the median value. Diabetic nephropa-
thy (n=198) was diagnosed clinically based on the following
criteria: persistent albuminuria greater than 300 mg per 24 h in
at least two out of three consecutive 24-h urine collections, di-
agnosis of retinopathy and no other evidence of kidney or renal
tract disease. Normoalbuminuria (n=191) was defined as per-
sistent urinary albumin excretion rate (UAER) of less than
30 mg per 24 h. The diagnosis of diabetic retinopathy was as-
sessed in all but two patients by fundus photography after pu-
pillary dilatation and graded: nil (n=68), simplex (n=166), or
proliferative (n=155) diabetic retinopathy. Patients were inter-
viewed using the cardiovascular questionnaire of the World
Health Organization (WHO). The diagnosis of hypertension
(n=197), CHD (n=53) and CVD (peripheral, cardio- vascular
disease, and strokes) (n=84) of all patients was carried out fol-
lowing the criteria of the WHO [18, 19]. Hypertensive patients
were defined as patients on antihypertensive medication, or
with a systolic blood pressure greater than 160 mmHg or a dia-
stolic blood pressure greater than 95 mmHg. Arterial blood
pressure was measured twice and averaged, after at least
10 min of rest in the supine position. BMI was calculated as
weight (kg) divided by height (m2). The experimental design
was approved by the local ethics committee, and all patients
gave their written informed consent.

Laboratory measurements. Peripheral venous blood was col-
lected in the non-fasting state into tubes containing EDTA at
room temperature and centrifuged within 60 min, which is suf-
ficient to prevent increases in tHcy resulting from ex vivo gen-
eration of homocysteine by erythrocytes [20]. The plasma frac-
tion was then transferred to plastic vials, stored at –80°C and
assayed in 1998. Free and protein bound tHcy concentrations
are stable in serum or plasma for 10 years or more [21]. THcy
was measured by fully automated HPLC with fluorescence de-
tection, using sodium borohydride for reduction of disulfide
bonds and monobromobimane for derivation of sulfhydryl
groups [22]. Samples were analysed in 12 series. The inter-
assay coefficient of variation, was calculated from values from
a quality control sample included in each series and was 5.1%.
Reported values are based on single measurements. The GFR
was estimated by measuring creatinine clearance in patients
with diabetic nephropathy [23], and by calculating creatinine
clearance using the Cockroft-Gault formula in patients with
normoalbuminuria. HbA1c was measured by HPLC (DIAMAT
Analyser, Bio-Rad, Hercules, Calif., USA) (normal range in
our laboratory is 4.1–6.4%). Serum-creatinine concentration
was assessed by a kinetic Jaffé method. UAER was measured
by enzyme immuno assay from 24-h urine collections.

Genotype analysis. Genomic DNA was extracted from periph-
eral blood leukocytes. With reference to a recent publication
[5] the MTHFR gene fragment of interest was amplified by
PCR. The mutation was identified using the RFLP method by
Hinf I digestion, which cuts at the mutation site, followed by
agarose gel electrophoresis (1.5% NuSieve 1:3 Agarose, FMC
Bioproducts, Rockland, Me., USA) and ethidium bromide
(0.016% v/v) fluorescence in reference to a molecular weight
marker.

Statistical analysis. Genotype distribution, and allele frequen-
cy of the study groups were compared with the Chi-Square
test, or Fisher’s Exact test. The Hardy-Weinberg equilibrium
was checked by Chi-Square test. The influence of GFR on
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tHcy was evaluated by simple regression analysis. Further in-
fluencing factors on tHcy concentration and tHcy tertiles were
investigated by multiple regression and logistic regression
analysis, respectively, introducing all those variables as inde-
pendent variables, which showed an association with tHcy in
the univariate correlation analyses. To eliminate the effect of
renal function on the results, the following regression analyses
were carried out separately in all patients with GFR greater
than or equal to 75 ml·min–1·(1.73 m2)–1. For the evaluation of
the relation of tHcy and the MTHFR gene polymorphism with
diabetic vascular complications and hypertension, logistic re-
gression analysis was done with hypertension, diabetic neph-
ropathy, retinopathy, CHD, or CVD as dependent variables, in-
troducing all those variables as independent variables, which
showed an association with these complications in the univari-
ate correlation analyses. Similarly, the measurements of systol-
ic, and diastolic blood pressure were investigated with multiple
regression analysis. A two-sided p value of less than 0.05 was
considered significant. All calculations were done using a
commercially available program (StatView, SAS Institute,
Cary, N.C., USA).

Results

The clinical characteristics of the study groups are
summarized in Table 1.

Measurements of tHcy. Simple regression analysis
with tHcy as a dependent variable and GFR as an in-
dependent variable showed that the correlation of both
variables is inversed, and skewed (p<0.0001, OR 0.9
(95% CI: 0.899–0.928), adjusted R2 0.138). Our re-
sults suggest (Fig. 1), and simple regression analysis

confirms that a GFR-related increase of tHcy occurs
only if the GFR decreases below the normal (= median)
value of 75 ml·min–1·(1.73 m2)–1. Although there was
no correlation of tHcy with GFR in patients with GFR
greater than or equal to 75 ml·min–1·(1.73 m2)–1

(p=0.1015, OR 0.98 (95% CI: 0.964–1.003), adjusted
R2 0.063), simple regression analysis with data 
from patients with a GFR of less than 75 ml·min–1·
(1.73 m2)–1 showed an inverse linear correlation 
between tHcy and GFR [p<0.0001, OR 0.8 (95% 
CI: 0.765–0.891), adjusted R2 0.169] (Fig. 2). Multi-
ple regression analysis with GFR, MTHFR genotype,
gender, and smoking as independent variables where
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Table 1. Clinical characteristics of the study groups

Diabetic patients with GFR Diabetic patients with GFR
<75 ml·min–1·(1.73 m2)–1 ≥75 ml·min–1·(1.73 m2)–1

n=116 n=273

Sex (men/women) 67/49 173/100
Age (years) 44.9 [10.4] 40.0 [9.4]
Diabetes duration (years) 29.5 [9.2] 26.0 [7.6]
BMI 24.0 [3.3] 23.6 [2.5]
HbA1c (%) 9.5 [1.6] 9.0 [1.3]
Urinary albumin excretion rate (mg/24 h) 858 (2–8824) 14 (1–5508)
Creatinine (µmol/l) 123 (70–684) 77 (40–131)
GFR [ml·min–1·(1.73 m2)–1]a 52 (10–74.9) 107 (75–198)
Total plasma homocysteine (µmol/l) 14.4 (6.6–64.5) 8.7 (34–31.4)
Nephropathy (%) 86 36
Retinopathy (simplex/proliferative) (%) 97 (25.8/71.6) 77 (50.2/26.4)
Hypertension (%) 91 34
Systolic BP (mmHg) 158 [23] 135 [19]
Diastolic BP (mmHg) 87 [14] 79 [11]
CHD (%) 28 8
Cardiovascular disease (%) 38 15
Smoking (%) 38 50

a GFR was estimated by measuring creatinine clearance in pa-
tients with diabetic nephropathy and by calculating creatinine
clearance with Cockroft-Gault formula in patients with normo-
albuminuria

Measured data for urinary albumin excretion rate, creatinine,
GFR, and total plasma homocysteine showed skewed distribu-
tions, and values are given as medians (range). All other values
are given as means [SD]

Fig. 1. GFR as a determinant of total plasma homocysteine.
The bivariate scattergram with regression shows the relation
between GFR and total plasma homocysteine in the study pa-
tients



MTHFR genotype, gender and smoking were enforced
into the model showed that 20% of the variability of
tHcy in patients with GFR less than 75 ml·min–1·
(1.73 m2)–1 were explained by the variability in GFR
[OR 0.8 (95% CI: 0.763–0.889); p<0.0001] and
MTHFR genotype [OR 2.5 (95% CI: 1.327–4.641);
p=0.0048; adjusted R2 0.204] (Fig. 2). When logistic
regression analysis was carried out exchanging tHcy
with tHcy tertiles (low tertile: =8.6 µmol/l, middle ter-
tile: 8.6–11.3 µmol/l, upper tertile: >11.3 µmol/l), as
dependent variables, it became obvious, that the 
TT genotype is a stronger determinant for tHcy
[p=0.0083, OR 4.2 (95% CI: 1.447–12.179)], than 
the CT genotype [p=0.0321, OR 2.0 (95% CI:
1.056–3.376)] (Fig. 2). In patients with GFR greater
than or equal to 75 ml·min–1·(1.73 m2)–1, however,
MTHFR genotype [OR 1.2 (95% CI: 1.022–1.354);
p=0.0229], male gender, and smoking contributed to a
comparatively small risk for higher tHcy concentra-
tions (adjusted R2 0.063) (Fig. 2). Neither UAER nor
HbA1c or blood pressure were determinants of tHcy. 

Total plasma homocysteine concentration as a deter-
minant of blood pressure and hypertension. Median

tHcy concentrations were higher in patients with hy-
pertension than in patients with normotension, also in
patients with impaired and normal renal function 
(Table 2). However, tHcy was not a determinate of 
hypertension after the data of the whole study group
were adjusted for GFR (p=0.0612) [determinants:
nephropathy, age (R2 0.383)]. Hypertension was only
determinated by nephropathy (R2 0.32) in diabetic pa-
tients with impaired renal function. Meanwhile, a lo-
gistic regression analysis (adjusted for GFR) with data
from patients with a GFR greater than or equal to
75 ml·min–1·(1.73 m2)–1 (Table 2) provided evidence
for a strong association of tHcy concentration of
greater than 8.6 µmol/l (middle and upper tertiles)
with an increased risk for hypertension. The associa-
tion was independent from nephropathy [OR 10.4
(95% CI: 5.321–20.151); p<0.0001] and age [OR 1.05
(95% CI: 1.017–1.098); p=0.0036] (R2 0.244). Pa-
tients with tHcy concentrations within the middle ter-
tile (8.6–11.3 µmol/l) had a 1.98 times higher OR of
hypertension (95% CI: 1.008–3.871; p=0.0474), and
patients with tHcy concentrations within the upper ter-
tile had already a 3.7 times higher OR of hyperten-
sion, compared to those with tHcy concentrations of
the lower tertile (95% CI: 1.611–8.535; p=0.0021).

Multiple regression analysis with systolic and dia-
stolic blood pressure as dependent variables, showed
that an increase of tHcy of 1 µmol/l is associated with
a rise in systolic blood pressure of 0.9 mm Hg (adjust-
ed for age and GFR; p=0.0024, adjusted R2 0.237) and
a rise of diastolic blood pressure of 0.4 mm Hg (ad-
justed for age, GFR, and diabetes duration; p=0.0153,
adjusted R2 0.126), if all other independent variables
remain constant (Fig. 3). There was also a positive re-
lation between tHcy and pulse pressure (p=0.0210, ad-

1318 S. Neugebauer et al: Total plasma homocysteine is associated with hypertension in Type I diabetic patients

Fig. 2A–D. GFR and methylenetetrahydrofolate reductase gen-
otype as determinants for total plasma homocysteine. The bivar-
iate scattergrams (A, B) with regression show the relation be-
tween GFR and total plasma homocysteine, and the box plot dia-
grams (C, D) show 10th, 25th, median (50th), 75th, and 90th per-
centiles of total plasma homocysteine concentrations in relation
to methylenetetrahydrofolate reductase genotype in patients with
GFR <75 ml/min/1.73 m2 (A, C), and GFR=75 ml/min/1.73 m2

(B, D)



S. Neugebauer et al: Total plasma homocysteine is associated with hypertension in Type I diabetic patients 1319

Table 2. Total homocysteine plasma concentration in relation to diabetic vascular complications and renal function

All diabetic patients Diabetic patients with
(n=389)

GFR <75 ml·min–1·(1.73 m2)–1 GFR ≥75 ml·min–1·(1.73 m2)–1 a

(n=116) (n=273)

Genotype
C/C 9.6 (3.4–29.7) 13.9 (6.6–29.7) 8.4 (3.4–25.3)
C/T 9.8 (4.3–58.5) 14.4 (7.5–58.5) 9.4 (4.3–26.5)
T/T 9.8 (6.5–64.5) 15.5 (8.8–64.5) 9.0 (6.5–31.4)
Hypertension 11.7 (5–58.5) 14.6 (7.7–58.5) 9.7 (6.1–20.6)
Normotension 8.4 (3.4–64.5) 10.0 (6.6–64.5) 8.4 (3.4–31.4)
Nephropathy 11.4 (5.0–58.5) 14.6 (7.7–58.5) 9.6 (5.0–19.5)
Normoalbuminuria 8.5 (3.4–64.5) 10.4 (6.6–64.5) 8.4 (3.4–31.4)

Retinopathy
proliferative 9.0 (3.4–26.5) 14.6 (7.8–64.5) 9.0 (5.8–19.5)
simplex 11.0 (5.8–64.5) 13.1 (7.5–26.2) 8.4 (3.4–26.5)
nil 9.3 (5.8–31.4) 6.7 (6.6–7.4) 9.3 (5.8–31.4)
CHD 13.6 (5.4–58.5) 15.8 (6.7–58.5) 10.7 (5.4–26.5)
No CHD 9.5 (3.4–64.5) 13.3 (6.6–64.5) 8.7 (3.4–31.4)
Cardiovascular disease 11.8 (5.4–58.5) 16.5 (6.7–58.5) 9.5 (5.4–26.5)
No cardiovascular disease 9.5 (3.4–64.5) 13.0 (6.6–64.5) 8.7 (3.4–31.4)

a A GFR of ≥75 ml·min–1·(1.73 m2)–1(median) defines normal
renal function. The correlation of tHcy values with GFR is in-
versed in patients with impaired renal function [GFR
<75 ml·min–1·(1.73 m2)–1], however not related to GFR in pa-
tients with normal renal function.

Total plasma homocysteine (tHcy) is expressed in µmol/l, data
are given in median (range)

Fig. 3A, B. Total plasma homocysteine as determinant for hy-
pertension and blood pressure in patients with normal renal
function. The box plot diagram (A) shows 10th, 25th, median
(50th), 75th, and 90th percentiles of total plasma homocysteine
concentrations in patients with hypertension and normotension.

The bivariate scattergrams (B) with regression show the corre-
lation of total plasma homocysteine concentration with systolic
BP (R2 0.046), diastolic BP (R2 0.033), and pulse pressure (R2

0.016), respectively. All data were obtained from patients with
GFR=75 ml/min/1.73 m2



justed R2 0.194) (Fig. 3). The MTHFR gene polymor-
phism did not contribute to the higher risk for hyper-
tension.

Total plasma homocysteine concentration as a deter-
minant of diabetic vascular complications. Patients
with vascular complications showed higher tHcy con-
centrations than those without complications in both
groups, with normal and impaired kidney function
(Table 2). Total plasma homocysteine concentrations
were generally higher in patients with impaired renal
function (Table 2). Logistic regression analyses ad-
justed for GFR showed that increased tHcy concentra-
tions do not predict diabetic microvascular and macro-
vascular complications either in the whole study
group nor in patients with impaired renal function.
The main determinant for those complications was hy-
pertension.

Calculations with data of the group with normal re-
nal function showed that the risk for CHD was en-
hanced by a tHcy concentration of more than

11.3 µmol/l [OR 5.917 (95% CI: 1.715–20.408);
p=0.0049], independently of other confounding fac-
tors, such as male gender [OR 2.926 (95% CI:
1.101–7.775); p=0.0313], and diabetes duration [OR
1.094 (95% CI: 1.028–1.164); p=0.0049] (R2 0.145).
Increased tHcy concentrations found in patients with
retinopathy, nephropathy or increased UAER, were re-
lated to hypertension, which is over-represented in the
groups with microvascular complications (Fig. 4).
There was no relation between tHcy and CVD, which
was determinated by hypertension and diabetes dura-
tion.

Although the T allele was an independent determi-
nant of tHcy, the MTHFR gene polymorphism was not
associated with a higher risk for diabetic vascular
complications after adjustment for other confounding
factors.

Genotype analysis as a determinant of diabetic vascu-
lar complications. The Genotype distribution and al-
lele frequency of the mutated T allele were different
when diabetic patients with proliferative retinopathy
were compared to patients without retinopathy, how-
ever, not significantly (p=0.056 and p=0.084, respec-
tively) (Fig. 5.). No association of the MTHFR gene
polymorphism with nephropathy, CHD, CVD, or hy-
pertension was detected (carriers: 47%, 51%, 52%,
and 48%, respectively) (Fig. 5).
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Fig. 4. Relation among total plasma homocysteine, hyperten-
sion and vascular complications in patients with normal renal
function. The box plots show 10th, 25th, median (50th), 75th,
and 90th percentiles of plasma homocysteine concentrations
in patients with and without vascular complications in rela-
tion to hypertension. The correlations among proteinuria, to-
tal plasma homocysteine tertiles and hypertension are shown.
All data were obtained from patients with GFR≥75 ml/min/
1.73 m2



Discussion

This cross-sectional study with large groups of well-
defined Type I diabetic patients provides evidence that
tHcy confers increasing risk for hypertension in a
dose-dependent manner in patients with normal GFR.
Total plasma homocysteine concentrations lower than
those generally defined as mild hyperhomocysteinae-
mia, are already associated with a twofold increase in
risk for hypertension. Furthermore, systolic blood
pressure, and to a lesser extent diastolic blood pres-
sure, rise with increasing tHcy concentrations. There
was also a positive association between tHcy and
pulse pressure which is more closely linked to the
structure and function of large arteries. Increased me-
dian tHcy concentrations in patients with microvascu-
lar complications express the higher prevalence of hy-
pertensive patients, who have higher tHcy concentra-
tions than normotensive patients. Thus our results sug-
gest that modest hyperhomocysteinaemia could pro-
mote microvascular complications through enhancing
the risk for hypertension. These findings support the
results of the few previous investigations with mainly
small sample sizes which also showed an association
of mild hyperhomocysteinaemia with hypertension
[14, 15], or systolic hypertension in non-diabetic pa-
tients [24], and with diastolic blood pressure in Type
II diabetic patients [16]. Our results are also in line
with those of very large cohort based investigations on
non-diabetic subjects. The Hordaland study [25], and
the UK National Diet and Nutrition Survey [26] ob-
served an association of tHcy with blood pressure in
subjects younger than 65 years of age, however only a
weak relation between tHcy, and blood pressure in

subjects older than 65 years. In none of the quoted
studies, however, were data adjusted for GFR, which
might have resulted in an underestimation of the rela-
tion between tHcy and blood pressure, as renal func-
tion declines with age, and long-standing hyperten-
sion.

Mild hyperhomocysteinaemia was also associated
with nearly a sixfold higher OR of having CHD, inde-
pendent of the strong cardiovascular risk factor hyper-
tension. These results conform to those from the 
Hoorn study which could show that the OR for any
cardiovascular disease was 2.33 per 5 µmol/l incre-
ment in tHcy in Type II diabetic patients [13]. It is
also supported by large case-control studies on non-
diabetic patients [27, 28]. The European Concerted
Action Project [27], also showed that an increased
fasting tHcy concentration multiplied the risk for car-
diovascular disease in patients with hypertension.

Given the biological mechanisms proposed in sup-
port of the hypothesis that mild hyperhomocysteinae-
mia confers enhanced risk to CVD, a positive associa-
tion with blood pressure seems to be the missing link.
Results from experimental studies which showed that
hyperhomocysteinaemia interferes with the vasodila-
tor and antithrombotic function of nitric oxide [29, 30]
and with the peroxide-mediated effects on arterial
prostacyclin synthesis [31] were supported by clinical
findings. Recently, an inverse relation between a
range of tHcy concentrations and endothelium-depen-
dent coronary blood flow was documented [32]. Fur-
thermore, it was shown that increased tHcy concentra-
tions in patients with essential hypertension are
strongly and independently correlated to stiffness of
the aortic artery measured by aortic pulse wave veloc-
ity (adjusted for GFR) [33]. Thus, longstanding, mild
to moderate hyperhomocysteinaemia could contribute
to the development of hypertension through interfer-
ence with the nitrovasodilator system and could there-
fore promote microvascular and macrovascular com-
plications, which are mainly determined by hyperten-
sion. However, as our study is cross-sectional, we
have no direct evidence for a cause and effect interac-
tion.
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Fig. 5A, B. Genotype distribution and allele frequencies of the
methylenetetrahydrofolate reductase gene polymorphism. Data
from all patients with and without hypertension or vascular
complications are shown. A Genotype distribution, and B
allele frequencies. *Two tailed p=0.0563, **two tailed
p=0.0837, not significantly different from patients with nil reti-
nopathy



It has been shown that the metabolism of tHcy in
kidney tissue causes a major fraction of total renal
clearance of tHcy, and it has been suggested that the
loss of capacity for homocysteine degradation might
explain the increase in tHcy seen in end-stage renal
diseases [34]. Our study showed that an even modest
deterioration of renal function, a GFR of less than
75 ml·min–1·(1.73 m2)–1, causes an increase of tHcy
concentrations, whereas a GFR of more than or equal
to 75 ml·min–1·(1.73 m2)–1 does not. It is important to
note that the patients’ tHcy concentrations increase
sharply with values of GFR, which might still corre-
late with normal creatinine values. This might explain
the conflicting results of the few investigations on the
relation of tHcy with diabetic microvascular compli-
cations. Most of these studies considered the influence
of renal function on tHcy to some extent, by matching
the study groups for, or excluding patients with certain
serum creatinine concentrations. Adjustment of the
study results for GFR, the more sensitive predictor of
renal function, however, has been done by only a few
investigators recently. The association of increased
tHcy concentrations with age [15], diabetic retinopa-
thy [35], and nephropathy has been shown to be close-
ly related to declining GFR below a normal value of
80 ml·min·(1.73 m2)–1 [35, 36]. After adjustment for
GFR, tHcy remained a strong predictor for CHD dis-
ease in normotensive Type II diabetic patients, but not
for diabetic nephropathy [35, 36] or retinopathy [35].
Our data from a larger number of study patients con-
firms these findings.

Although tHcy concentrations were generally high-
er in patients with impaired renal function, there was
no relation between tHcy concentrations and diabetic
vascular complications or hypertension in this group.
As hypertension, is such a potent risk factor for dia-
betic vascular complications in patients with impaired
renal function, they might not confer any additive 
risk. A tHcy concentration of more than or equal to
8.2 µmol/l, was reported to correlate to an increase of
the 6-year all-cause mortality in Type II diabetic pa-
tients [37]. Therefore there is the possibility of survi-
vorship effect on the outcome of the study.

Patients with classical inherited homocystinuria
and hyperhomocysteinaemia suffer from atheroscle-
rotic and thrombembolic complications in early ado-
lescence. An increased tHcy level could cause struc-
tural vascular changes by enhancing endothelial cell
injury [4, 11], platelet-mediated proliferation of smooth
muscle cells, by affecting the coagulation system, and
by contributing to the oxidative modification of LDL
[4], as plausible pathogenetic mechanisms. It can also
not be excluded that tHcy is an acute-phase reactant
that is predominantly a marker of endothelial dysfunc-
tion, and of consecutive impaired homocysteine deg-
radation. Such low tHcy concentrations which we
found to be associated with blood pressure and hyper-
tension and which were suggested to be associated

with increased mortality in Type II diabetic patients
[37], could express long-standing endothelial cell in-
jury in response to biochemical stimuli, oxidative
stress, or share stress caused by increased blood pres-
sure.

Whereas the T allele of the MTHFR gene polymor-
phism was a determinant for tHcy concentrations, it
did not predict hypertension, or vascular complica-
tions [5, 6, 7, 8, 9]. The impact of genetic risk factors
on the development of diabetic vascular complications
might vary among different ethnic groups and be-
tween Type I and Type II diabetic patients. The weak
relation between genotype and phenotype in our study
could also reflect inter-individual differences in sus-
ceptibility to various risk factors acting together in
atherogenesis.

We did not provide data on the folate status of the
patients. However, the influence of those data on the
outcome of our study if any is likely to be marginal.
Although evidence suggests a reduction of tHcy with
high folate intake [28], evidence on the relation be-
tween folate status and tHcy concentration is inconsis-
tent, and a low folate status is neither correlated to hy-
pertension nor to CHD. It has been found that the fo-
late concentration has to drop below 6.8 ng/ml to af-
fect the geometric mean tHcy concentration in pooled
homozygotes, and heterozygotes for the MTHFR gene
polymorphism in subjects with normal renal function,
whereas tHcy concentrations were 33% higher in a
similar patients with end-stage renal failure, and a low
normal folate status of less than 29.2 ng/ml [38]. This
could indicate that GFR is a much stronger determi-
nant for tHcy than folate. Whether the reported in-
verse relation between folate status and tHcy remains
after adjustment of the data for GFR has yet to be
evaluated.

To our knowledge, this is the first report on tHcy as
a determinant of hypertension after data adjustment
for the important confounder GFR in a well defined
large cohort of Danish Type I diabetic patients. Even
modestly increased tHcy concentrations powerfully
increased the risk for hypertension, and in addition for
CHD, independent of other risk factors. The finding
confirmed that the GFR acts as a determinant for tHcy
at even moderately impaired renal function and im-
plies the necessity for future studies to evaluate the
data on tHcy after adjustment for GFR. Given the high
prevalence of hyperhomocysteinaemia in an apparent-
ly well-nourished cohort and the tendency for tHcy
concentrations to increase with declining kidney func-
tion, modest effects of homocysteine on the risk for
CHD, hypertension, and consequently for diabetic
vascular complications will have profound implica-
tions for public health. The contribution of tHcy mea-
surement in risk assessment and risk reduction strate-
gies needs to be confirmed by data from randomized
prospective controlled trials of tHcy lowering inter-
ventions.
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