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OBJECTIVE — The increased cardiovascular risk in subjects with NIDDM is partly
explained by an association with established risk factors like hypertension, dyslipidemia, and
obesity. Mild hyperhomocysteinemia has emerged as a new risk factor for cardiovascular dis-
ease. The purpose of this study was to assess its role in NIDDM.

RESEARCH DESIGN AND METHODS — We studied predictors of homocysteine lev-
els and correlations between homocysteine and (micro-)albuminuria, retinopathy, and history
of cardiovascular disease in normotensive NIDDM subjects under stable metabolic control.
This was done in 85 NIDDM subjects by measuring fasting and post-methionine-loading
homocysteine levels together with blood pressure, BMI, serum cholesterol, triglyceride, HDL
cholesterol, folate, vitamin B12, pyridoxal-5-phosphate, HbA,, and (micro-)albuminuria and
creatinine clearance in triplicate 24-h urine samples. The relationship between micro- and
macrovascular complications and fasting homocysteine only was studied in an additional 65
subjects, giving a total of 150 subjects.

RESULTS — In multiple regression analysis, significant (P < 0.05) predictors of fasting
homocysteine were low-normal values of creatinine clearance (threshold effect at <80 ml - min—1
- 1.73 m~2), folate (<20 nmol/l), and vitamin B12 (<350 pmol/l), and postmenopausal status
in women. Determinants of post-methionine homocysteine were pyridoxal-5-phosphate levels
<80 nmol/l, creatinine clearance, and sex (higher levels in women). Hyperhomocysteinemia did
not cluster with other cardiovascular risk factors, like hypertension, obesity, or dyslipidemia.
Regarding cardiovascular complications, fasting homocysteine, but not post-methionine homo-
cysteine, was higher in subjects with a history of cardiovascular disease. There was a stepwise
increase in the prevalence of subjects with cardiovascular disease with increasing fasting homo-
cysteine. The prevalence of cardiovascular disease was 19.4% in the bottom quartile of fasting
homocysteine, versus 55.0% in the top quartile (P for trend <0.01). Neither fasting homocysteine
nor post-methionine homocysteine correlated with (micro-)albuminuria or with retinopathy.

CONCLUSIONS — The findings suggest that homocysteine levels in NIDDM rise even with
modest deterioration of renal function and when vitamin status is in the low to low-normal
range. Fasting homocysteine correlates with macrovascular disease, but we found no evidence
of a correlation with retinopathy or (micro-)albuminuria. Post-methionine homocysteine lev-
els do not show a correlation with micro- or macrovascular complications.
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increased risk of cardiovascular dis-

ease and mortality. It is estimated that
~65% of all patients die from cardiovascu-
lar complications (1,2). Part of this
increased risk is explained by clustering of
NIDDM with established risk factors for
atherosclerosis, such as hypertension, obe-
sity, and dyslipidemia, in the insulin-resis-
tance syndrome. It appears, however, that
these associated risk factors explain only
part of the excess cardiovascular disease in
NIDDM patients (3,4). Whether the dia-
betic hyperglycemic state itself completes
the risk profile or whether other factors are
involved is a matter of debate. NIDDM
patients with microalbuminuria are partic-
ularly at risk of developing cardiovascular
disease (5-8). The underlying mechanism
of this association is unknown, but it is
clear that NIDDM patients with microal-
buminuria have an even higher incidence
of hypertension, dyslipidemia, and throm-
bogenic disorders than do normoalbumin-
uric NIDDM patients (9-13).

Classic homocystinuria due to cys-
tathionine B-synthase deficiency associates
with early atherosclerosis and cardiovascu-
lar mortality. Recently, mild elevations of
plasma homocysteine (Hcy) have been
identified as an independent risk factor for
early atherosclerotic vascular disease
(14-19) and thromboembolic disease (20).
Mild hyperhomocysteinemia has a com-
plex etiology, including insufficient intake
of vitamins B6 and B12 and folate (21) and
genetic factors, of which a thermolabile
form of methylene-tetrahydrofolate reduc-
tase (MTHFR) is probably the most impor-
tant one. The mechanism of premature
cardiovascular disease in this context is not
precisely known, but may relate to
increased vulnerability to lipid toxicity, vas-
cular smooth muscle cell growth factor
properties of Hcy, endothelial damage, or
vasomotor dysfunction or to disorders of
platelet aggregation and coagulation (22).

The possible role of mild hyperhomo-
cysteinemia in NIDDM is unclear. Few
studies have addressed this issue, with con-
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flicting results (23-27). So far, measure-
ments of post—-methionine-load Hcy have
been reported in only 18 NIDDM patients
(24). The determinants of Hcy levels in
diabetic patients have not been studied in
detail. The present study was undertaken
to address the following questions: First,
what are the predictors of hyperhomocys-
teinemia in NIDDM, and do high Hcy lev-
els cluster with other cardiovascular risk
factors, like hypertension, obesity, and dys-
lipidemia? Second, do Hcy levels correlate
with microvascular complications, like
(micro-)albuminuria and retinopathy? And
finally, what is the impact of Hcy levels on
the prevalence of cardiovascular complica-
tions in NIDDM patients?

RESEARCH DESIGN AND
METHODS — Consecutive  patients
with a history of NIDDM for at least 1 year
were recruited from the diabetes outpatient
clinic of our hospital. NIDDM was defined
according to World Health Organization cri-
teria (28) and was treated by diet in combi-
nation with oral medication or insulin.
Patients aged 30-75 years were considered
for inclusion. Metabolic control had to be
stable for a period of at least 1 year before the
study. Patients were not included if one of
the following conditions was present: serum
creatinine >130 pmol/l, unregulated hyper-
tension (systolic >160 mmHg and/or dias-
tolic >95 mmHg), congestive heart failure,
major invalidating illness (end-stage pul-
monary disease, cancer, etc.), or pregnancy.
During the first study phase, subjects
came to the clinic after an overnight fast of
12 h. The following data were collected for
each patient on a single day: height, weight,
and blood pressure in the sitting position
after 10 min of rest with a standard clinical
sphygmomanometer. Blood was drawn and
analyzed for HbA,., serum levels of creati-
nine, total cholesterol, triglycerides, HDL
cholesterol, vitamin B12, folate, pyridoxal-
5-phosphate, and total Hcy: Next, subjects
were given 0.1 g/kg L-methionine powder
dissolved in apple juice. Patients then took
their usual dose of oral antidiabetic med-
ication or insulin and were given a low pro-
tein breakfast with an individualized
carbohydrate content. Blood was drawn
again 6 h after methionine ingestion and
was analyzed for serum total Hcy. During
the 3 days before the study, subjects col-
lected triplicate timed 24-h urine samples,
which were analyzed for albumin and cre-
atinine excretion. Microalbuminuria was
diagnosed when the median albumin

excretion of these triplicate samples was
30-300 mg/24 h. Otherwise, subjects were
classified as normo- (<30 mg/24 h) or
macroalbuminuric (>300 mg/24 h).

In addition, information was collected
regarding retinopathy and history of car-
diovascular disease. Retinopathy was diag-
nosed or excluded only if subjects had been
seen by an expert ophthalmologist within 1
year before the day of study. Cardiovascu-
lar disease was defined as documented
myocardial infarction, angina pectoris con-
firmed by exercise tests, myocardial perfu-
sion scintigraphy, or a =70% coronary
artery stenosis on cineangiography, a his-
tory of coronary bypass surgery, and/or
identification of ischemic heart disease on
the electrocardiogram (Minnesota codes
11-3, IV1-3, V1-3, VII1) (29). All electro-
cardiograms were seen by the same cardi-
ologist, who was unaware of the subjects’
history or laboratory results. A positive
family history for cardiovascular disease
was defined as ischemic heart disease in
first-degree relatives.

After the first study phase was com-
pleted in 85 subjects, a less-intensive pro-
tocol was followed with an emphasis on
studying further the relationships between
microvascular and cardiovascular disease
and fasting Hey only. In this second study
phase, subjects (n = 65) met the same
inclusion and exclusion criteria and were
evaluated according to the same protocol,
with the exception of the methionine-load-
ing test and the measurement of B vitamins
and creatinine clearance. Thus, in the
analysis and presentation of the results,
predictors of Hcy levels and correlations of
post-methionine and 3-Hcy (post-methion-
ine Hey level minus fasting Hey level) with
complications were analyzed using data
from the 85 phase 1 study subjects. The
analysis of complications with fasting Hcy
is based on the combined data from study
phases 1 and 2 (150 subjects).

Analytical methods

Plasma Hcy was measured with high-per-
formance liquid chromatography (HPLC),
using a previously described method (30).
For better separation, chromatographic con-
ditions were changed into gradient elution
from 0 to 20% acetonitril in 0.1 mol/l
KH,PO, (pH 1.75). Serum and urinary cre-
atinine was assayed with a modified Jaffé
method. HbA;. was measured using an
automated HPLC analyzer (reference range
5.2-6.7% [Diamat; BioRad Laboratories,
Hercules, CA]). Total cholesterol was meas-

ured using a fully enzymatic (cholesterol
oxidase peroxidase [CHOD-PAP]) kinetic
method. HDL cholesterol was measured
with the same method after precipitation of
VLDL and LDL with phosphotungstic acid
and magnesium ions. Triglycerides were
assayed using an enzymatic method. Serum
vitamin B12 and folate were measured with
a competitive protein-binding assay (Dual-
count Solid Phase Boil assay; Diagnostic
Products, Los Angeles, CA). Reference
ranges are 150-665 pmol/l for vitamin B12
and 6-39 nmol/l for folate. Pyridoxal-5-
phosphate was measured with an HPLC
method and fluorimetric detection (refer-
ence range 20-100 nmol/l). Urinary albu-
min was measured using a laser-nephelo-
metric method on a Behring Nephelometer
(Behringwerke, Marburg, Germany).

Statistical methods

Hcy levels were expressed as fasting, post-
methionine, and increase after methionine
(3-Hcy). Creatinine clearance was calculated
as the mean of three 24-h creatinine clear-
ances. Possible predictors of Hey levels were
first tested individually using Spearman’s
rank correlation test for continuous vari-
ables and the Mann-Whitney U test for
nominal variables. Multiple linear regres-
sion analysis was used to identify indepen-
dent predictors of Hcy levels. Because the
number of potential predictors of Hey (16 in
total) was relatively large compared with the
number of subjects in the study, the criterion
for entering a variable into the multivariate
model was set at a P value for bivariate cor-
relation with Hey levels =0.10. To compare
Hcy levels between subjects with normo-,
micro- and macroalbuminuria, nonpara-
metric ANOVA (Kruskall-Wallis) was used.
Trends in the fraction of patients having
(micro-)albuminuria, retinopathy; or cardio-
vascular disease among several quantiles of
Hcy levels were tested using the x2 test for
trend. The independent correlation of several
risk factors with the presence of cardiovas-
cular disease was tested by multiple logistic
regression. The P value for initial entry in this
logistic regression model was set at 0.20. In
a second level of correction, known deter-
minants of cardiovascular disease with P val-
ues in the bivariate tests >0.20 were also
included in the model. All P values reported
are two-sided. A P value of =0.05 was con-
sidered statistically significant.

RESULTS — Table 1 lists demographic
and clinical characteristics of subjects
included in both study phases. Less than 5%
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Table 1—Demographic and clinical characteristics of study population of both study phaseof subjects approached for either the phase
1 or phase 2 protocol refused to participate.

Study phase 1 Study phase 2 Predictors of Hcy levels
n 85 65 Table 2 displays the bivariate correlations
Sex (male/pre-/postmenopausal female) 48/15/22 37/10/18 between fasting, post-methionine, and 8-
Age (years) 57.2+10.2 55.8+10.1 Hcy and other variables. Hcy levels were not
Actual smoking (no/yes) 65/20 46/19 different in subjects using insulin versus
Time since diagnosis of NIDDM (years) 10.7 (6.6) 10.7 (7.5) those using oral antidiabetic medication, nor
Insulin/oral medication 59/26 47/18 were there effects of ACE-inhibitor or
BMI (kg/m?) 29.1(4.9) 304 (4.2) non-ACE-inhibitor antihypertensive agents.
agztng/?low pressure (mmHg) 895-23((165)) sg-g 805)1) metformin. Vitamin B12 and Hcy levels
1c {70 e A were not different between this group and
Serum creatinine (umol/l) 93.4 (18.6) 93.8 (15.4) the group that was not on metforn%in. Rbout
Serum cholesterol (mmol/l 5.9 (1.0) 5.4 (1.1) half of all subjects included were non-Cau-
Serum triglyceride (mmol/l) 1.9 (0.6-18.3) 1.8 (0.6-10.6) - inly Creole and Hindustani). No
Serum HDL cholesterol (mmol/l) 1.2 (0.4) 1.2 (0.4) casians (m_aln y . :
o relationship between ethnicity and Hcy was
Vitamin B12 (pmol/l) 295.8 (122.6) NA P
Folate (nmol/l) 19.8 (9.5) NA observed (data not shown). .
Pyridoxal-5-phosphate (nmol/l) 50.2 (28.5) NA The results of the multivariate analysis
Creatinine clearance (ml/min) 81.4 (29.8) NA are d!SP'aYEd in Table 3. Vitamin B12, folate,
Hey (umol/l) creatinine clearance, and menopausal status
Fasting 11.0 (4.0-23.0) 10.0 (6.0-32.0)  in women were independent predictors of
Post-methionine 38.0 (17.0-76.0) NA fasting Hcy. The effect of age on fasting Hey
Increase after methionine 26 (11.0-66.0) NA in the entire group in bivariate analysis was
(Micro-)vascular complications fully accounted for by menopausal status in
Normo-/micro-/macroalbuminuria 41/33/11 47/1414 the female subgroup. Post-methionine Hcy
Retinopathy (yes/no) 39/37* 29/32* was predicted by pyridoxal-5-phosphate
History of cardiovascular disease (yes/no) 23/62 21/44 levels and creatinine clearance. Also, men

Data are n, means + SD, or medians (range). *Adequate retinopathy data (funduscopy <1 year before study) ~ had lower post—m_ethionine Hey than
were not available for nine subjects in study phase 1 and for four subjects in phase 2. NA, not available. women, whereas their fasting Hcy was sim-

Table 2—Bivariate correlations of fasting, post-methionine, and increase after methioning)(Hcy levels with clinical and laboratory data in
85 NIDDM subjects

Fasting Hcy Post-methionine Hey d-Hcey
Mean difference r P value Mean difference r Pvalue  Mean difference r P value
Continuous variables

Age (years) — 0.40 0.003 — 0.20 0.07 — 0.08 0.49
Time since diagnosis of diabetes — 0.14 0.22 — 0.02 0.83 — 0.004 0.97

(years)
BMI (kg/m2) — -0.09 0.41 — 0.12 0.29 — 0.17 0.11
Mean arterial blood pressure — 0.15 0.18 — —0.02 0.89 — —0.05 0.65

(mmHg)
HbA,. (%) — —-0.16 0.15 — -0.14 0.18 — —0.06 0.57
Serum cholesterol (mmol/l) — 0.09 0.42 — 0.05 0.64 — 0.04 0.73
Serum triglycerides (mmol/l) — 0.01 0.92 — —0.02 0.86 — -0.01 0.91
Serum HDL cholesterol (mmol/l) — 0.19 0.09 — 0.06 0.60 — 0.02 0.82
Vitamin B12 (pmol/l) — —0.40 0.003 — -0.20 0.06 — —0.09 0.43
Folate (nmol/l) — -0.29 0.008 — -0.14 0.19 — —0.06 0.61
Pyridoxal-5-phosphate (nmol/l) — -0.22 0.06 — -0.35 0.003 — -0.33 0.005
Creatimine clearance — —-0.48 <0.001 — —0.38 <0.001 — -0.26 0.02

(ml - min—1-1.73 m-2)

Nominal variables

Sex (M) —0.05 — 0.93 -7.3 — 0.03 -7.2 — 0.004
Postmenopausal status in females 5.1 — <0.001 9.0 — 0.06 3.9 — 0.27
Current smoking (yes) 1.6 — 0.18 3.7 — 0.05 2.1 — 0.11

P values for nominal variables were calculated with the Mann-Whitney U test. Hcy is given in micromoles per liter. r, Spearman’s p correlation coefficient.
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Table 3—Significant predictors of one or more types of Hey levels in multivariate analysis From Fig. 1, one can observe that levels of

Fasting Hcy ~ Post-methionine Hcy 8-Hcy

b P value b P value b P value
Postmenopausal status in females ~ 4.45 0.002 — — — —
Sex (M) — — -5.4 0.02 -6.2 0.002
Vitamin B12 (per 10 pmol/l) -0.07 0.04 — — — —
Folate (per 1 nmol/l) -0.1 0.01 — — — —
Pyridoxal-5-phosphate — — —0.11 <0.001 —0.10 <0.001

(per 1 nmol/l)

Creatinine clearance -0.8 <0.001 -0.9 0.04 — —

(per 10 ml - min-1 - 1.73 m-2)

b, multivariate regression coefficient.

ilar. The correlation between smoking and
post-methionine Hey in Table 2 was reduced
toatrend (b= 4.6, P =0.08) after correction
for other factors. Finally, only sex and pyri-
doxal-5-phosphate levels were predictors of
d-Hcy. Apart from the effect of current smok-
ing on post-methionine Hcy, no other
regression trends (0.05 < P = 0.10) for any
potential determinant of either fasting, post-
methionine, or 8-Hcy were found in the
multivariate analyses.

Regression plots of the continuous
variables in Table 3 are shown in Fig. 1. As
is evident from these plots, none of these
correlations were linear. Threshold levels
based on visual assessment are shown as
vertical lines. The most powerful threshold
levels in terms of the degree of statistical
significance and size of the effect on Hcy
levels were subsequently located in multi-
variate analysis and were found to be iden-
tical to those in Fig. 1 (data not shown).

vitamin B12 <350 pmol/l, folate <20
nmol/l, pyridoxal-5-phosphate <80 nmolll,
and creatinine clearance <80 ml - min-1 -
1.73 m-2 predispose to sharp increases in
Hcy levels.

Correlations with micro- and
macrovascular complications

In Table 4, fasting, post-methionine, and §-
Hcy are compared between subjects with
various degrees of albuminuria and
between those with and without retinopa-
thy. These data provide no evidence of a
correlation between Hcy levels and albu-
minuria or retinopathy. In successive quar-
tiles of fasting Hcy levels, no trend toward
an increase in the prevalence of either albu-
minuria (micro- and macroalbuminuria
taken as a group) or retinopathy was
observed (Fig. 2A). A similar result was
seen for post-methionine Hey and §-Hcy
(not graphically displayed).

As for cardiovascular disease, during the
first study phase, a higher fasting Hcy level
was observed in subjects with versus those
without a history of cardiovascular disease

fasting Hoy Fasting Hoy fasting Hey
25 7] 25 7 i 25 9
20 20 - 20 -
L SRR A 15 7
poae ‘%\\ ' ton BRI B 10 7
5 7 il 1E; 5 i 5 7
o LIS L L LA Ea 0 | T T T 1 0 7T 7 T 1
O 200 400 &00 BOO O 1% 20 30 40 50 a 40 8d 120 160
vitamin B12 folate craatinine clearance
post-meth, Hey pest-rieth. Hoy delta Hey
a0 Bid l a0 7
&0 - - GO
a0 T anq -
20 : 201 % \‘“-«\_‘
L+ [ R o . T T 1] T B R Q I B ]
0 B} 120 1BD 240 3 40 83 120 160 O B0 120 B0 240

pyridaxal-S-phosphate

croatinine clearance

pyridaxal-5-phosphate

Figure 1—Regeession plots of continuous variables significantly associated with fasting, post-methionine (post-meth.), and increase after methionine (delta)
Hcy in multivariate analysis. Threshold levels are indicated by vertical lines. Units are as follows: Hey levels, umol/l; vitamrimo®|; folate, nmol/l; pyri -
doxal-5-phosphate, nmol/l; and creatinine clearance,-miin-1 - 1.73 nr2.
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Table 4—Hcy levels in relation to microvascular complications

Fasting Hcy (umol/l)  n Post-methionine Hey (umol/l) n 3-Hey (umol/l)
n 150 — 85 — 85
Microvascular disease
Albuminuria
Normoalbuminuria 11.0 (4-32) 89 37.0 (17-76) 41 26.0 (13-60)
Microalbuminuria 10.0 (6-23) 49 38.0 (18-76) 33 26.0 (11-66)
Macroalbuminuria 13.5 (9-22) 12 40.0 (29-75) 11 28.0 (19-54)
P value 0.65 — 0.58 — 0.76
Retinopathy
No 11.0 (4-32) 71 37.0 (17-76) 39 26.0 (11-66)
Yes 11.0 (6-26) 66 37.0 (26-75) 37 26.0 (16-54)
P value 0.25 — 0.54 — 0.50

Data are median (range) or n. P values were obtained by the Kruskall-Wallis test for albuminuria categories and by the Mann-Whitney U test for retinopathy. Results
are given for the combined data of the two study phases for fasting Hcy. n for post-methionine Hey equals n for 8-Hcy.

(median fasting Hey 14.0 umol/l [7-23] vs.  0.50) or for 8-Hcy (26.0 umol/l [11-46] vs.  in subjects with those versus without a his-
11.0 pmol/l [4-22],P =0.05.) The ssmewas  26.0 umol/l [13-66], P = 0.80). In the com-  tory of cardiovascular disease. Table 5 lists
not true for post-methionine Hey (39.0 bined analysis of study phases 1 and 2, fast-  Hcy levels and other known risk factors for
pmol/l [18-69] vs. 37.0 umol/l [17-76],P = ing Hcy levels were again significantly higher  atherosclerotic disease in subjects with and
without a history of cardiovascular disease.

A [ 0] = Age and family history of cardiovascular dis-

O (micro-Jalbuminuria, p for trend =40.5 ease appear to be the main potential con-
founders of the relationship between fasting
Hcy and cardiovascular disease in this data
set. After adjustment for these factors by
multiple logistic regression analysis, fasting
Hcy remained independently correlated
50 with cardiovascular disease (P = 0.02). Addi-
tional correction for cholesterol, blood pres-
sure, duration of NIDDM, and smoking
resulted in a P value for fasting Hey of 0.06
(data not shown). To determine the nature of
the correlation observed, the prevalence of
cardiovascular disease in successive quartiles

. retinogathy, p for trend =0L21

|
i
|

25 =

% of patients with microvascular discase

0 of fasting Hcy levels is shown in Fig. 2B.

-9 F- 1 1-14 =14 There was a stepwise increase in the preva-

B lence of cardiovascular disease with increas-
[0 = ing fasting Hey (trend analysis, P < 0.01).

i For trend <0.01] The diagnosis of cardiovascular disease

was based on electrocardiographic abnor-
malities only in three subjects. Of the sub-
73+ jects with cardiovascular disease, six had an
additional history of ischemic stroke, and
five others had additional peripheral arter-
ial occlusive disease. Of the subjects with-
out cardiovascular disease, three had a
history of ischemic stroke, and four others
had peripheral arterial occlusive disease.
Because the number of subjects suffering
from other than cardiovascular atheroscle-
rotic disease was so small, the analyses were
restricted to cardiovascular disease only.

% of patems with condiovascular discase

ik Sl dLE CONCLUSIONS — In this cross-sec-
Figure 2—Percentage of subjects with (micro)albuminuria or retinopatjyaid with a history of car - tional study, we systematically studied fast-
diovascular diseaseR) in quartile groups of fasting Hcy levesvalues are byy? test for trend. ing and post-methionine Hcy and
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Table 5—Fasting Hcy levels and other risk factors in relation to presence of cardiovascular(35,36), the clinical relevance of isolated

disease in 150 NIDDM subjects

Cardiovascular disease

Absent Present P
n 106 44 —
Age (years) 54.8 +10.3 59.1+9.2 0.02
Sex (M/F) 60/46 25/19 0.98
BMI (kg/m2) 30.0+4.9 28.9+3.8 0.94
Systolic blood pressure (mmHg) 140.3+18.1 139.8£18.6 0.94
Diastolic blood pressure (mmHg) 82.9+89 80.7£9.6 0.23
Time since diagnosis of NIDDM (years) 9.5 (1-31) 8.5 (1-30) 0.60
HbA,; (%) 8818 89+17 0.63
Total cholesterol (mmaol/l) 57+1.0 57+1.2 0.74
Triglyceride (mmol/I) 1.8 (0.8-6.9) 2.2 (0.6-18.4) 0.26
HDL cholesterol (mmol/l) 13+12 1.2+04 0.58
Actual smoking (no/yes) 77129 35/9 0.33
Family history of cardiovascular disease 31/75 21/23 0.02

(yes/no)

Fasting Hcy (umol/l) 10.0 (4-32) 13.0 (7-26) 0.02

Data are means + SD, medians (range), or n. P values were obtained by the Mann-Whitney U test and the x2 test.

correlating factors in a defined group of
NIDDM subjects. The results indicate that
in NIDDM, the patients vitamin status
influences Hey levels. It is important to
note that Hey levels increase with values of
vitamin B12, pyridoxal-5-phosphate, and
folate that are conventionally regarded to be
safely within their normal ranges. A similar
conclusion can be drawn for creatinine
clearance, which is associated with sharply
increasing Hcy levels as soon as it falls
below a level of 80 ml - min—1 - 1.73 m—2,
Furthermore, postmenopausal status in
women associates with higher fasting Hcy,
and women show larger increases in serum
Hcy after a methionine load. The data pro-
vide no evidence for a tendency of hyper-
homocysteinemia to cluster with other
cardiovascular risk factors, particularly
those present in the insulin resistance syn-
drome, including obesity, hypertension,
and dyslipidemia.

Determinants of Hcy levels have been
the subject of intensive research in nondi-
abetic subjects. Our findings are largely in
line with the results of these studies. How-
ever, we found cut-off values for vitamin
levels and creatinine clearance below which
Hcy rises sharply that are higher than those
generally reported in the literature
(21,31-33). Although we did not study a
nondiabetic control group, a comparison
with data from the literature suggests that
Hcy levels may rise in response to decreas-
ing vitamin levels and glomerular filtration
earlier in NIDDM patients than in nondia-

betic subjects. The observed effect of
menopausal status on fasting Hcy in
women is widely recognized. This cannot
be said for the sharper rise in post-methio-
nine Hey in women (compared with men),
which to our knowledge, has only been
described once (34).

No correlation was found between
hyperhomocysteinemia and degree of albu-
minuria. Although we acknowledge the
intrinsic limitations of cross-sectional data
in terms of testing for causal relationships,
our data suggest that hyperhomocysteine-
mia cannot help explain why NIDDM
patients with microalbuminuria have such
a sharply increased risk of dying from car-
diovascular complications. As is the case for
albuminuria, Hey levels did not correlate
with the presence of diabetic retinopathy.

An important finding was the relation-
ship between fasting Hcy and cardiovascu-
lar disease. The data show a gradual
increase in the fraction of subjects with
such a history with increasing fasting Hcy
levels. Why only fasting Hcy correlates with
cardiovascular disease in our study, and
post-methionine or 8-Hcy does not, is
unclear. It is, however, evident that the
roles of post-methionine Hcy and 3-Hcy
are less well defined than that of fasting
Hcy, since prospective studies addressing
the role of Hcy in atherosclerotic disease
have not used post-methionine levels
(14-16,18). Although measuring only fast-
ing Hey may fail to identify a fraction of
subjects with high post-methionine levels

post-methionine hyperhomocysteinemia is
unproven in prospective studies.

Previous studies of Hey levels in IDDM
or NIDDM have been relatively scarce. In
1991, Hultberg et al. (37) studied Hcy in
IDDM patients and found a correlation with
increased serum creatinine and increased
albumin excretion rates. Another study
showed lower Hcy levels in IDDM patients
than in control subjects and failed to show a
correlation of Hey levels with renal function,
albuminuria, or retinopathy (38). Agardh et
al. (39) studied IDDM patients and found no
correlation of Hey with either retinopathy or
the presence of microalbuminuria. In con-
trast to these studies, retinopathy was
recently reported to correlate with mild
hyperhomocysteinemia in a small (n = 25)
number of patients (40). This finding was
supported by a larger study, which also
showed higher Hcy levels in IDDM patients
versus nondiabetic control subjects. In addi-
tion, hyperhomocysteinemia in this study
correlated with neuropathy, macroangiopa-
thy, and albuminuria, although the latter
correlation was not corrected for creatinine
clearance (41). Finally, Hcy levels were
recently reported to correlate with serum
creatinine, albuminuria and folate, but not
with retinopathy, in 50 IDDM patients (42).
Unfortunately, the apparent correlation
between albuminuria and Hcy was again
not corrected for serum creatinine, let alone
for creatinine clearance. In conclusion, for
IDDM, the literature shows conflicting con-
clusions regarding a possible influence of the
diabetic state per se on Hcy and regarding
correlations of Hey with various manifesta-
tions of diabetic organ damage.

As for studies in NIDDM, one report
showed higher fasting Hcy levels in patients
with macroangiopathy and did not reveal a
correlation between Hcy and retinopathy
or nephropathy, defined as proteinuria or
increased serum creatinine (23). A recent
study in 28 diabetic patients, only 18 of
whom had NIDDM, suggested that post-
methionine, and not fasting, hyperhomo-
cysteinemia is correlated with the presence
of vascular disease (24). The small number
of subjects included somewhat limits the
value of this last study. Retinopathy in
NIDDM patients was found to correlate
with the thermolabile MTHFR gene muta-
tion, but the authors failed to report Hcy
levels (43). Hoogeveen et al. (25) recently
found an interaction effect of fasting hyper-
homocysteinemia and NIDDM in terms of
risk of macrovascular disease. In the same
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study population, which included only
Caucasian subjects, Hey levels did show a
correlation with albuminuria (26). The
apparent discrepancy with the results that
we obtained can possibly be explained by
the different ethnic background of our pop-
ulation or by the fact that our study may
have been underpowered to detect a
threshold level of Hcy above which albu-
minuria increases. Finally, the recent report
by Chico et al. (27) in 75 IDDM and 90
NIDDM subjects suggests that albumin-
uria correlates with fasting Hcy levels.
However, in this study, the authors have
chosen the rather questionable approach of
analyzing albumin excretion rate as a
covariate of serum creatinine, considering
both as determinants of Hcy levels. The
result was that serum creatinine did not
qualify as a significant determinant of Hcy
levels, whereas albumin excretion rate did.
We believe that it is more appropriate to
consider (micro)albuminuria as a possible
complication of hyperhomocysteinemia,
rather than the other way round.

Our study has several advantages com-
pared with these previous studies. First, no
other study has systematically measured
both fasting and post-methionine Hey in a
substantial number of NIDDM subjects.
Also, the relationship of Hcy with levels of
pyridoxal-5-phosphate, vitamin B12,
folate, and creatinine clearance was not
previously studied in detail in a diabetic
population. The sample size of n= 150 to
study the relationship between fasting Hcy
and micro- and macrovascular complica-
tions is unmatched by other studies in
NIDDM. Finally, assessment of the level of
albuminuria should preferably be based on
multiple urine samples, as was done in our
study, because of the high day-to-day vari-
ability of urinary albumin excretion (44).

The limitations of our study are largely
inherent to cross-sectional studies in gen-
eral. The causal relationship between fasting
Hcy and the presence of cardiovascular dis-
ease cannot be proven using cross-sectional
data. On the other hand, cross-sectional
correlations between hyperhomocysteine-
mia and cardiovascular disease have usually
been confirmed by prospective studies. The
subjects in our study were recruited from an
outpatient clinic for diabetes patients and
are, consequently, not representative of the
general population of NIDDM patients. The
reasons for referral were mostly related to
difficulties in achieving acceptable meta-
bolic control with oral anti-diabetic agents,
with initiation or follow-up of patients tak-

ing insulin or with comorbidity in the field
of internal medicine. Consequently, none of
our findings should be interpreted as
describing the typical NIDDM patient.
Rather, the value of our study is in the
exploration of pathophysiological mecha-
nisms. Finally, the absence of a nondiabetic
control group limits interpretations regard-
ing the extent to which determinants of
hyperhomocysteinemia may behave in a
manner that is typical for NIDDM.

The practical implications of our con-
clusions are that practitioners treating
NIDDM patients should be aware of the risk
of hyperhomocysteinemia, especially in the
very early stages of nephropathy. Attention
should be given to dietary measures ensur-
ing that levels of vitamin B12, folate, and
pyridoxal-5-phosphate are well within the
upper range of their respective normal val-
ues. Whether all NIDDM patients should be
screened for mild hyperhomocysteinemia is
debatable. It seems justified, however, to
measure fasting Hcy in NIDDM patients
with minor reductions in creatinine clear-
ance and in those who have already experi-
enced a cardiovascular event. Treatment of
hyperhomocysteinemia is relatively easy
with folate supplementation, either alone or
in combination with cyanocobalamin or
pyridoxine (36), and is probably just as fea-
sible in diabetic as in nondiabetic patients.
Prospective studies are needed to evaluate
whether therapeutic interventions aimed at
lowering Hcy levels can reduce cardiovas-
cular morbidity and mortality.
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