
Insulin-dependent (IDDM) and non-insulin-depen-
dent diabetes mellitus (NIDDM) increase the risk of
cardiovascular disease (CVD) [1±3]. Nephropathy
substantially increases this risk both in diabetic and
non-diabetic patients [4±8]. The increased suscepti-
bility of diabetic patients with nephropathy to athero-
sclerosis can be explained, in part, by risk factors such
as hypertension, hyperlipidaemia and haemor-
rheological changes [8±13]. Hence, the identification
and treatment of new risk factors is important to re-
duce the high rate of cardiovascular events in patients
with diabetes, especially in those with nephropathy
[14].
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Summary The high risk of cardiovascular disease in
patients with diabetes mellitus, particularly in those
with nephropathy, is not completely explained by clas-
sical risk factors. A high plasma homocysteine con-
centration is an independent risk factor for cardiovas-
cular disease but information on its association with
diabetes is limited. Fasting homocysteine concentra-
tions were measured in the plasma of 165 diabetic pa-
tients (75 with insulin-dependent [IDDM]; 90 with
non-insulin-dependent diabetes [NIDDM]) and 56
non-diabetic control subjects. Other measurements
included the prevalence of diabetic complications,
glycaemic control, lipid and lipoprotein levels, vita-
min status and renal function tests. Patients with NID-
DM had higher homocysteine levels than control sub-
jects, whereas IDDM patients did not (9.2 ± 4.5 vs
7.7 ± 2 mmol/l, p < 0.01; and 7.0 ± 3 vs 7.4 ± 2 mmol/l,
NS). Univariate correlations and multiple regression
analysis showed albumin excretion rate to be the pa-
rameter with the strongest independent association

with homocysteine. Patients with both types of dia-
betes and nephropathy had higher plasma homocys-
teine concentrations than those without nephropa-
thy. Increases of homocysteine in plasma were related
to increases in the severity of the nephropathy. Fast-
ing hyperhomocysteinaemia was considered as the
mean of the plasma homocysteine for all control sub-
jects (7.5 ± 2.1 mmol/l) + 2 SD (cut-off =11.7 mmol/l).
Nephropathy was present in 80% of diabetic patients
with fasting hyperhomocysteinaemia. In conclusion,
increases in fasting homocysteine in diabetic patients
are associated with increased albumin excretion rate,
especially in those with NIDDM, thus providing a po-
tential new link between microalbuminuria, diabetic
nephropathy and cardiovascular disease. [Dia-
betologia (1998) 41: 684±693]
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Hyperhomocysteinaemia is increasingly recog-
nized as a risk factor for vascular disease affecting
heart, brain and extremities. A considerable amount
of genetic, biochemical, pathophysiological, clinical
and epidemiological data suggest a causal role for
hyperhomocysteinaemia in the development of athe-
rosclerosis and thrombosis. Patients with severe in-
herited forms of hyperhomocysteinaemia are at a
very high risk of CVD [15, 16]. Moderate hyperhom-
ocysteinaemia is frequent in patients with CVD [17].
Several, though not all, prospective analyses, and
one meta-analysis which included most clinical and
epidemiological studies performed to date, support a
causal relationship between moderate hyperhomocy-
steinaemia and CVD [18±20].

Hyperhomocysteinaemia is very frequent in renal
failure which suggests that the kidney's function is
crucial to homocysteine (Hcy) catabolism [21] and
this has been supported recently by direct, experi-
mental evidence [22].

Detecting hyperhomocysteinaemia in patients at
high risk of CVD is of importance because safe and
effective treatment is currently available. Adminis-
tration of folate, vitamin B12, vitamin B6 and betaine
are very effective in reducing Hcy concentrations in
plasma [23, 24] although the efficacy in terms of re-
ducing cardiovascular events has been demonstrated,
to-date, only in patients with inherited forms of
severe hyperhomocysteinaemia [15, 17, 24].

Despite the current interest, there is limited, and
sometimes inconsistent, information regarding the
prevalence of hyperhomocysteinaemia in IDDM and
NIDDM. Further, its aetiology and its relationship
with CVD and nephropathy is equivocal [25±28].
For clarification of these aspects, we determined the
concentration of Hcy in the plasma of a group of
IDDM and NIDDM patients and control subjects
and assessed whether hyperhomocysteinaemia was
related to nephropathy and to CVD.

Subjects, materials and methods

Patients and control subjects. A total of 165 diabetic patients
(75 with IDDM and 90 with NIDDM) were recruited consecu-
tively from among those attending the Diabetes Clinic of the
Hospital de la Santa Creu i Sant Pau (Barcelona). Non-diabetic
control subjects (n = 56) were recruited from among the clini-
cal and laboratory staff and their families and were selected
to match for age and gender distribution of the diabetic group
as a whole. None of them had a history of CVD. Of the 56 con-
trol subjects, 28 were similar with respect to the characteristics
of the IDDM group and 28 to the NIDDM group. Diabetes
was diagnosed and classified according to the National Diabe-
tes Data Group [29]. In diabetic patients, retinopathy, ne-
phropathy and macroangiopathy were diagnosed and classified
as follows. Retinopathy was diagnosed following a detailed
ophthalmological examination by a specialist or when the pa-
tient had a documented history of the disease (retinal photoco-
agulation or vitrectomy, abnormal retinal fluorescein angiog-

raphy). Nephropathy was recorded and classified as ªincipi-
entº, ªovertº or ªrenal failureº following at least two biochem-
ical measurements in 24 h urine specimens (in the absence of
urinary infection and haematuria) and in serum. Incipient
nephropathy (microalbuminuria) was defined as persistent uri-
nary albumin excretion rate (AER) in the range of 20±200 mg/
min, while overt nephropathy was diagnosed when AER was
over 200 mg/min or an abnormal urinary protein concentration
(UPC) (proteinuria > 300 mg/day) was recorded. Renal failure
was diagnosed when the serum concentration of creatinine was
over 120 mmol/l. Since urine analysis had been performed as a
part of a routine work-up that did not include determination
of urinary creatinine concentration or freezing of the urine
samples, creatinine clearances, when needed, were calculated
with the Cockroft-Gault formula [30]. The patient was consi-
dered to be hypertensive when blood pressure was 140/90 mm
Hg or more or antihypertensive treatment was prescribed.
The following were considered proof of macroangiopathy: 1)
coronary heart disease, defined by a history of angina with a
positive exercise test or an abnormal coronary angiogram, or
by a history of myocardial infarction (confirmed by biochemi-
cal and electrocardiographical criteria); 2) ischaemic stroke,
confirmed by cerebral computerized axial tomography or nu-
clear magnetic resonance imaging or by a similarly document-
ed history of the disease; 3) peripheral vascular disease, esta-
blished by a history of intermittent claudication with abnormal
Doppler pressure or a history of reconstructive vascular sur-
gery or amputation. Four IDDM patients had a history of
CVD, of whom three had coronary heart disease and two pe-
ripheral vascular disease. Thirty NIDDM patients had a histo-
ry of CVD and, of them, there were 17 cases of coronary artery
disease, 15 of peripheral vascular disease and 4 of ischaemic
stroke. None of the patients studied had had a cardiovascular
event for at least 3 months prior to the inclusion into the study.
As part of the clinical work-up, the patients and the control
subjects were fully informed of the purpose and protocol and
the study was approved by the ethics committee of the hospi-
tal.

Laboratory analyses. Venous blood was obtained between
07.00 and 10.00 hours after an overnight fast. Measures to pre-
vent the flow of Hcy from erythrocytes to plasma were strictly
implemented [31]. Plasma and serum aliquots were quickly
separated and frozen at ±80 °C for batched analysis. Plasma
Hcy concentration was determined by high-performance li-
quid chromatography (HPLC) (Millipore; Waters Chromato-
graphic Division, Milfore, Mass., USA) and fluorescence de-
tection (Kontron Instruments, Milan, Italy) and included all
molecular forms that can be reduced to free Hcy [32]. Intra-
and inter-assay coefficients of variation of the Hcy determina-
tion were 4.99 % and 7.28 %, respectively [32]. Serum vitamin
B12, serum folate and erythrocyte folate concentrations were
determined using commercial kits (ACS Ciba-Corning, cata-
logue # LKF01 and Immulite, DPC, catalogue # 672211,
respectively) using automated chemiluminescent immunoas-
says adapted to the ACS:180 (Ciba-Corning Diagnostics
Corp, Medfield, Mass., USA) and DPC Immulite (Diagnostic
Products Corp, Los Angeles, Calif., USA). Plasma pyridoxal
5 ¢-phosphate (PLP, active vitamin B6) concentrations were
measured using a commercially available radioenzymatic assay
(Bühlmann Laboratories AG, Allschwil, Switzerland). Glycat-
ed haemoglobin (HbA1 c) was measured by HPLC (Hi-Auto
A1c, Dic-Kyoto, Japan; reference range in our laboratory is
3.7±5.5 %) [33]. Serum creatinine, cholesterol, triglycerides
and uric acid, as well as other basic biochemical blood tests,
were measured by standard chemical and enzymatic commer-
cial methods in a Hitachi 727 autoanalyzer (Boehringer Mann-
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heim, Mannheim, Germany) [33]. The serum concentration of
HDL cholesterol (HDLc) was measured after precipitation of
the apoprotein B containing lipoproteins with phosphotungstic
acid-MgCl2 [34]. LDL cholesterol (LDLc) was calculated using
the Friedewald formula [34]. When the triglyceride level was
over 3.5 mmol/l, a combined ultracentrifugation-precipitation
method was used following recommendations of the Lipid Re-
search Clinics Laboratory [34]. Lipoprotein(a) (Lp(a)) con-
centrations in plasma were measured using a commercial en-
zyme-linked immunoabsorbent assay (Organon Teknica N. V.,
Turnhout, Belgium). UPC was determined using the Coomas-
sie Brilliant Blue dye procedure adapted to an autoanalyser
as has been described [35]. AER was determined by
nephelometry using a commercial kit containing specific anti-
body (Behringwerke AG, Marburg, Germany).

Statistical analyses. Analyses were performed with the SPSS PC
( + ) statistical package (ªSPSS Inc., Chicago, IL, USAº). All
tests used were two-tailed and p less than 0.05 was considered
as significant. The normality of distribution of any variable
was assesed using the Kolmogorov-Smirnov test and where
skewed (Hcy, Lp(a), triglycerides, VLDL cholesterol and vita-
min B12) were logarithmically transformed to reduce kurtosis.
Comparisons between groups were performed using the chi-
square and the unpaired t-test, using log transformed means
when the data were skewed. Pearson's correlation coefficient
was used to assess the relationship between the log trans-
formed Hcy of the following variables: age, body mass index
(BMI), creatinine, AER, UPC, triglycerides, VLDL cholester-
ol (VLDLc), HDLc, LDLc, total cholesterol, Lp(a), HbA1 c,
fructosamine, glucose, uric acid, serum folate and vitamin B12
and PLP. Also, all variables were included in a multiple regres-
sion stepwise analysis using the log transformed Hcy as the de-
pendent variable. Hcy, triglycerides, VLDLc, Lp(a) and vita-
min B12 were log transformed before inclusion in this analysis.
The change in R2 (explained variance) was also calculated.

Results

Table 1 shows some of the clinical characteristics of
the individuals studied. There were no differences be-
tween the diabetic groups and their control subjects
with respect to the distributions of age, gender and
BMI. The prevalence of retinopathy was 1.3-fold
more frequent in NIDDM patients than in IDDM

whereas the prevalence of nephropathy and macro-
angiopathy was 2.4-fold and 6.3-fold more frequent
in NIDDM than in IDDM patients. Based on a previ-
ous analysis of blood and urine performed in all dia-
betic patients it was concluded that 14 IDDM pati-
ents and 40 NIDDM patients had nephropathy (Ta-
ble 1).

Table 2 summarizes the results of Hcy as well as
the vitamin, lipid and lipoproteins, renal function
and glycaemic control parameters measured in the
patients with diabetes and in the control groups. Pa-
tients with NIDDM had higher Hcy than their con-
trols, whereas IDDM patients did not (9.2 ± 4.5 vs
7.7 ± 2 mmol/l, p < 0.01, and 7 ± 3 vs 7.4 ± 2 mmol/l,
NS). Using the mean + 2 SD of the concentration of
Hcy in plasma of the control group as a whole
(7.5 ± 2.1), values of 11.7 mmol/l or higher were con-
sidered to constitute fasting hyperhomocysteinaemia.
Using this statistical criterion, the incidence of fasting
hyperhomocysteinaemia was 3.6% in IDDM control
subjects and 5.3% in IDDM patients whereas it was
7.1% in NIDDM control subjects and 17.8% in NID-
DM patients. Erythrocyte folate concentrations tend-
ed to be lower in patients than in control subjects. Se-
rum folate and vitamin B12 tended to be higher in the
diabetic groups than in control subjects. There were
no differences between the PLP concentrations of
the two diabetic groups and their specific control
counterparts. The proteinuria of NIDDM patients
was greater than that of patients with IDDM. UPC
data from 11 patients (2 with IDDM and 9 with NID-
DM) are not included in Table 2 because AER had
not been measured but, if included, the difference in
UPC between NIDDM and IDDM patients would
have been increased (mean ± SD 410 ± 1111 mg/day,
median 115, range 7.3±8700 in NIDDM vs
159 ± 172 mg/day, median 107, range 50±1119 in
IDDM). Lastly, NIDDM and IDDM patients had sig-
nificant increases of fasting plasma glucose with re-
spect to their specific controls.

Univariate correlations and multiple regression
analyses were performed to establish the principal
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Table 1. Clinical characteristics in patients with diabetes mellitus and control individuals

IDDM controls
n = 28

IDDM patients
n = 75

NIDDM controls
n = 28

NIDDM patients
n = 90

Age (years) 38 ± 4 33 ± 12 59.3 ± 12 60 ± 11

Males/females 16/12 44/31 15/13 51/39

Body mass index (kg/m2) 25.6 ± 4 23.5 ± 3 26.7 ± 4 27.1 ± 4

Diabetes duration (years) ± 12.1 ± 11 ± 10.5 ± 12

Hypertension (%) 0 6.7 14.3 26.7

Retinopathy (%) ND 37.3 ND 47.8

Nephropathy (%) ND 18.7 ND 44.4

Macroangiopathy (%) ND 5.3 ND 33.3

Results are expressed as mean ± SD. There are no significant differences (p < 0.05) between the diabetic groups and their specific
control groups



determinants of the concentrations of Hcy in plasma
in the groups of patients with diabetes (Table 3). No
significant correlation was found between Hcy and
any of the vitamin parameters studied. All variables
(independent of whether they were or were not sig-
nificantly associated with Hcy levels in the univariate
statistical analysis) were included in the multiple re-
gression analysis which was performed using the step-
wise method. Only AER (R2 = 0.19, p < 0.01) in
IDDM patients and AER and age (R2 = 0.62,

p < 0.00001) in NIDDM patients were independently
related with plasma Hcy (Table 3). The same analysis
was performed in the control groups. The parameters
that reached significant levels of univariate correla-
tion with plasma Hcy in the NIDDM control group
were creatinine (r = 0.44) and vitamin B12
(r = ±0.39) whereas those for the IDDM control
group were age (r = 0.92), total cholesterol
(r = 0.70), LDLc (r = 0.47) and creatinine (r = 0.32).
The multiple regression analysis showed that only
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Table 2. Measured biochemical parameters in patients with diabetes and in control subjects

IDDM controls
n = 28

IDDM patients
n = 75

NIDDM controls
n = 28

NIDDM patients
n = 90

Homocysteine (mmol/l) 7.4 ± 2 7.0 ± 3 7.7 ± 2 9.2 ± 4a

Erythrocyte folate (nmol/l) 604 ± 266 588 ± 170 736 ± 225 673 ± 290a

Serum folate (nmol/l) 15 ± 8 19 ± 8a 19 ± 7 24 ± 12a

PLP (nmol/l) 30 ± 8 31 ± 11 32 ± 10 29 ± 8

Vitamin B12 (pmol/l) 395 ± 118 550 ± 218a 466 ± 261 571 ± 290

Cholesterol (mmol/l) 5.2 ± 1 4.8 ± 1 5.6 ± 1 5.4 ± 1

Triglycerides (mmol/l) 1.3 ± 0.5 0.9 ± 0.6 1.0 ± 0.5 1.7 ± 1.3a

VLDL-c (mmol/l) 0.3 ± 0.5 0.5 ± 0.3 0.4 ± 0.5 0.7 ± 0.3a

LDL-c (mmol/l) 3.5 ± 1 2.8 ± 0.9a 3.7 ± 0.9 3.4 ± 1.0

HDL-c (mmol/l) 1.4 ± 0.5 1.4 ± 0.4 1.5 ± 0.5 1.2 ± 0.4

Lipoprotein(a) (mg/dl) 21 ± 35 22 ± 30 35 ± 43 27 ± 33

Uric acid (mmol/l) 294 ± 83 224 ± 74a 298 ± 71 301 ± 107

Creatinine (mmol/l) 88 ± 14 87 ± 14 91 ± 15 94 ± 37

UPC (mg/day) ND 161 ± 173 ND 229 ± 442

AER (mg/min) ND 50 ± 144 ND 40 ± 95

FPG (mmol/l) 4.9 ± 0.7 9.4 ± 4.9a 4.9 ± 0.7 9.7 ± 4.2a

HbA1c (%) ND 7.8 ± 2 ND 8.2 ± 2

ND, Not determined. Reference values: erythrocyte folate
(212±1453), serum folate (6±39), PLP (20±160), vitamin B12
(150±1200), creatinine (< 114), UPC (< 300), AER (< 20),

HbA1c (< 5.5 %), FPG (4.1±6.4) Values are expressed as
mean ± SD. a p < 0.05 compared to control subjects

Table 3. Determinants of Hcy in patients with diabetes mellitus: univariate correlations and multiple regression analysis

Diabetic patients IDDM NIDDM

Univariate correlations
r p r p r p

Age 0.39 < 0.001 0.34 < 0.05 0.18 < 0.05
Body mass index 0.21 < 0.01
Creatinine 0.40 < 0.001 0.35 < 0.01 0.42 < 0.001
UPC 0.36 < 0.001 0.27 < 0.05 0.37 < 0.001
AER 0.44 < 0.001 0.38 < 0.01 0.47 < 0.001
Triglycerides 0.30 < 0.001 0.22 < 0.05
VLDL-c 0.30 < 0.001 0.26 < 0.05
HDL-c � 0.14 < 0.05
Lp(a) 0.17 < 0.05 0.26 < 0.05
FPG � 0.20 < 0.05
Uric acid 0.38 < 0.001 0.37 < 0.01

Multiple regression analysis
b a p b a p b a p

AER 0.46 < 0.001 0.43 < 0.01 0.66 < 0.001
Age 0.37 < 0.001 0.54 < 0.001
Creatinine 0.24 < 0.05
a b or slope given as a change in log transformed plasma Hcy expressed as mmol/l per change of unit of the independent variable



creatinine (b = 0.44) was independently associated
with plasma Hcy in NIDDM control subjects whereas
LDLc (b = 0.71) and creatinine (b = 0.68) were inde-
pendently associated with plasma Hcy in the IDDM
control group.

It is noteworthy that Figure 1 includes only those
patients for whom AER, UPC and serum creatinine
were measured simultaneously in what was, at least,
the second biochemical evaluation of their renal
function confirming the existence and classification
of the nephropathy and, because of this data on fe-
wer patients than shown in Table 1 are given.

IDDM and NIDDM patients with nephropathy pre-
sented higher Hcy concentrations than those without
nephropathy (Fig.1A). Diabetic patients with and
without nephropathy did not present any differences
with respect to the vitamin variables measured (data
not shown). The patients were then classified ac-
cording to the existence and degree of nephropathy,
but including the criterion of serum creatinine less
than 120 mmol/l in the patients with incipient nephr-
opathy and overt nephropathy to exclude the effect
of renal failure on Hcy levels. Groups generated
were: group 1, renal failure; group 2, incipient neph-
ropathy with creatinine < 120 mmol/l; group 3, overt
nephropathy with creatinine less than 120 mmol/l;
group 4, no nephropathy. In the diabetic group as a
whole and in NIDDM patients there was a signifi-
cant increase in Hcy in relation to the presence and
severity of the nephropathy. A similar trend, albeit
non-significant, was found in the IDDM patients
(Fig.1B). The IDDM patients without nephropathy,
incipient nephropathy, overt nephropathy and renal
failure included in Figure 1 did not differ significant-
ly with respect to the Cockroft-Gault derived creati-
nine clearances (94 ± 20 ml/min, 86 ± 3, 86 ± 49 and
63 [n = 1], respectively). However, the low number
of patients in some of the subgroups limit the inter-
pretation of these results. The NIDDM patients
without nephropathy and NIDDM patients with re-
nal failure included in Figure 1 had statistically dif-
ferent Cockroft-Gault derived creatinine clearances
(77 ± 22 ml/min vs 43 ± 14, p < 0.001). However,
these differences were not statistically different
when NIDDM patients without nephropathy, NID-
DM patients with incipient nephropathy and those
with overt nephropathy (all included in Figure 1)
were compared (77 ± 22 ml/min, 76 ± 26 and 69 ±
24, respectively).

IDDM and NIDDM patients with hyperhomo-
cysteinaemia presented, in general, with higher va-
lues of creatinine, UPC, AER and Cockroft-Gault
derived creatinine clearances than normohomocy-
steinaemic patients (Table 4). The only exception
was the creatinine and the Cockroft-Gault derived
creatinine clearance of IDDM patients, where the
tendency of hyperhomocysteinaemic patients was
towards higher values than those with normohomo-
cysteinaemia; however, this difference did not reach
statistical significance. The same analysis did not
show any differences with respect to folates, vitamin
B12 and PLP variables measured. The mean con-
centrations of serum vitamin B12 and folate were
795 pmol/l and 25 nmol/l in the patients with NID-
DM and normohomocysteinaemia, whereas the cor-
responding values were 538 pmol/l and 23 nmol/l in
patients with NIDDM and hyperhomocysteinaemia.
The serum concentrations of vitamin B12 and folate
in patients with IDDM and normohomocysteina-
emia were 529 pmol/l and 20 nmol/l whereas the
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Fig.1. A Hcy concentrations in diabetic patients without R
and with nephropathy *p < 0.01. B Hcy concentrations in di-
abetic patients with different degrees of diabetic nephropathy.
Group 1: Creatinine > 120 mmol/l (renal failure) R; Group 2:
UPC > 300 mg/day or AER > 200 mg/min (overt nephropathy)
but creatinine < 120 mmol/l ; Group 3: AER 20±200 mg/min
(incipient nephropathy) with creatinine < 120 mmol/l ; Group
4: AER < 20 mg/min and creatinine < 120 mmol/l (no nephrop-
athy) A. In the whole diabetic group, n = 9 in Group 1, n = 12
in Group 2, n = 21 in Group 3, and n = 88 in Group 4. In
IDDM patients, n = 1 in Group 1, n = 2 in Group 2, n = 8 in
Group 3 and n = 47 in Group 4. In NIDDM patients, n = 8 in
Group 1, n = 10 in Group 2, n = 13 in Group 3 and n = 41 in
Group 4. *p < 0.05 between groups 1 and 4, 1 and 3, 2 and 4.
p < 0.05 between groups 1 and 4, 1 and 3. UPC: urinary protein
concentration. AER: albumin excretion rate



corresponding values were 642 pmol/l and 12 nmol/l
in patients with IDDM and hyperhomocystein-
aemia.

Hypertension could influence nephropathy and/or
hyperhomocysteinaemia [36]. Of the total number of
patients, 5 IDDM patients and 24 NIDDM patients
were hypertensive. Of these, 27 were under antihy-
pertensive therapy (20 were treated with angio-
tensin-converting enzyme inhibitors, 9 with calcium
antagonists and 2 with diuretics) and 2 were con-
trolled by diet. All IDDM patients with hypertension
had nephropathy. NIDDM patients with hyperten-
sion (n = 24) had higher Hcy than NIDDM patients
without hypertension (n = 66) (10.5 ± 5.6 mmol/l vs
6.9 ± 4.2, p < 0.05), both groups being similar with
respect to age (61 ± 9 vs 60 ± 12, NS). NIDDM pati-
ents with hypertension had, in general, more severe
biochemical signs of nephropathy than NIDDM pati-
ents without hypertension (AER 79 ± 184 mg/min vs
24 ± 89, NS; UPC 879 ± 1880 mg/day vs 152 ± 209,
p < 0.05; serum creatinine 110 ± 61 mmol/l vs 74 ± 36,
p < 0.05), but Cockroft-Gault derived creatinine
clearances were not statistically different
(75 ± 24 ml/min vs 75 ± 23, NS). Of the patients in-
cluded in Figure 1, those with NIDDM, nephropathy
and hypertension (n = 15) showed a tendency to
have higher Hcy than NIDDM patients with ne-
phropathy without hypertension (n = 16) (11.9 ±
6 mmol/l vs 6.6 ± 6.5, NS). On the other hand, patients
with NIDDM without nephropathy but with hyper-
tension (n = 10) had Hcy levels not statistically differ-
ent from those NIDDM patients without nephropa-
thy and without hypertension (n = 31) (8.4 ± 4 mmol/l
vs 6.9 ± 3.4, NS).

Only 4 patients (1 IDDM and 3 NIDDM) of a total
of 20 with hyperhomocysteinaemia (4 IDDM and 16
NIDDM) did not have nephropathy. However, only
3 of 11 IDDM patients with nephropathy and 13 of
31 NIDDM patients with nephropathy (Fig.1) had
hyperhomocysteinaemia. A comparison of diabetic
patients with nephropathy who had hyperhomocyste-

inaemia with those who had not indicated that the
former were older and had a more advanced ne-
phropathy as judged by the severity of the renal func-
tion alterations (Table 5). The distribution of cases of
hypertension was similar in the groups of patients
with nephropathy and with or without hyperhomocy-
steinaemia.

The prevalence of macroangiopathy was 25 % in
IDDM patients with hyperhomocysteinaemia. In
contrast, only 4.2% of IDDM patients with Hcy less
than 11.7 mmol/l had macroangiopathy (p < 0.001).
IDDM patients with macroangiopathy (n = 4) had
Hcy levels of 11.4 ± 4.4 mmol/l, while Hcy in IDDM
patients without macroangiopathy (n = 71) was
6.8 ± 2.9 mmol/l (p < 0.05). There was no significant
difference between Hcy values in NIDDM patients
with macroangiopathy (9.9 ± 3.8 mmol/l, n = 30) and
those without macroangiopathy (8.7 ± 4.7 mmol/l,
n = 60).

IDDM and NIDDM patients with retinopathy had
Hcy levels of 8.0 ± 3.6 mmol/l and 9.6 ± 4.0 mmol/l, re-
spectively. However, when patients with nephropathy
and macroangiopathy were excluded from the statis-
tical analysis, patients with diabetes and retinopathy
had Hcy concentrations of 6.5 ± 1.8 mmol/l.
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Table 4. Renal function in diabetic patients classified as having normohomocysteinaemia (Hcy < 11.7 mmol/l) or hyperhomocys-
teinaemia (> 11.7 mmol/l)

Hcy (mmol/l) Diabetic patients IDDM NIDDM

< 11.7 > 11.7 < 11.7 > 11.7 < 11.7 > 11.7

Creatinine
(mmol/l)

85 ± 13
(84, 61±121)

130 ± 67a

(113, 82±357)
86 ± 14

(85, 61±121)
100 ± 13
(102, 86±112)

85 ± 12
(84, 64±125)

137 ± 72a

(119, 82±357)

UPC
(mg/24 h)

174 ± 303
(108, 7±2990)

1127 ± 2101a

(374, 40±8700)
130 ± 74
(108, 50±1119)

467 ± 471a

(300, 102±999)
220 ± 424
(109, 7±2990)

1269 ± 2298b

(448, 40±8700)

AER
(mg/min)

21 ± 33
(11, 2±9)

229 ± 327a

(55, 6±8982)
19 ± 24

(11, 6±772)
287 ± 421a

(83, 6±772)
24 ± 40

(11, 2±211)
212 ± 319a

(50, 7±892)

Creatinine clearance
(ml/min)

86 ± 27
(83, 36±149)

56 ± 22a

(50, 29±112)
93 ± 22

(88, 36±149)
66 ± 16

(78, 48±76)
78 ± 22

(79, 40±138)
55 ± 23a

(48, 29±112)

Creatinine clearance: Cockroft-Gault derived creatinine clearances. Results are expressed as mean ± SD. Data between paren-
theses correspond to median and range. a p < 0.001, b p < 0.01 compared to patients with Hcy < 11.7 mmol/l

Table 5. Differences observed between diabetic patients with
nephropathy and hyperhomocysteinaemia (Hcy > 11.7 mmol/l)
and those with nephropathy and normohomocysteinaemia
(Hcy < 11.7 mmol/l)

Nephropathy and
Hcy > 11.7 mmol/l
n = 16

Nephropathy and
Hcy < 11.7 mmol/l
n = 26

p value

Age (years) 60.4 ± 11 50.6 ± 15 < 0.05
AER (mg/min) 326 ± 355 80 ± 55 < 0.05
UPC (mg/day) 1452 ± 2326 492 ± 670 < 0.05
Creatinine (mmol/l) 141 ± 73 90 ± 13 < 0.05
Creatinine
clearance (ml/min) 54 ± 24 88 ± 27 < 0.05

Creatinine clearance: Cockroft-Gault derived creatinine clear-
ances. Results are expressed as mean ± SD



Discussion

Fasting concentrations of plasma Hcy were higher in
the NIDDM patients than in their control subjects
(Table 2). Using the mean + 2 SD of the plasma con-
centrations of the total control group as a cut-off
point, 5.3% and 17.8% of IDDM and NIDDM pa-
tients, respectively, were diagnosed as having hyper-
homocysteinaemia while, by this statistical definition,
5.4% of the all control subjects presented Hcy values
over 11.7 mmol/l. The use of two different cut-off
points, calculated from each of the control groups,
did not change the percentages of individuals with
hyperhomocysteinaemia.

Hcy concentrations in populations have been de-
monstrated to be influenced by the concentrations of
folate, PLP and vitamin B12, age and gender [15±17,
23, 37, 38] while, in other studies, Hcy concentrations
in the population have correlated positively with
blood pressure, creatinine, uric acid, VLDLc and/or
triglyceride [39, 40]. The kidney plays a major role in
the metabolism of Hcy [22] and, as such, would ex-
plain not only why renal failure is an important cause
of hyperhomocysteinaemia but also why creatinine is
one of the biochemical parameters that correlates
best with Hcy levels [21, 39]. However, in this study
and in others [41], the association of serum creatinine
and Hcy was also found in control subjects with nor-
mal renal function. This is probably at least partly
due to the requirement, in the synthesis of the precur-
sor of creatinine (creatine), of the donation of methyl
groups formed in the transformation of methionine to
Hcy [41].

To explore the probable cause(s) of fasting hyper-
homocysteinaemia in our diabetic patients, we deter-
mined the vitamins that act as cofactors of key en-
zymes of Hcy metabolism. No significant correlations
were found between any of these vitamins and Hcy
concentrations and there were no differences bet-
ween vitamin levels of diabetic patients (IDDM,
NIDDM or both subgroups combined) with and with-
out associated hyperhomocysteinaemia. Hence, va-
riations in folate, vitamin B12 or PLP concentrations
are not pertinent to the hyperhomocysteinaemia ob-
served in the group of diabetic patients studied. This
lack of correlation contrasts with other studies in
which the levels of serum folate and vitamin B12
show a strong, non-linear inverse correlation with
the concentration of plasma Hcy. This discrepancy
could be explained in serveral ways. Most of the stu-
dies had been conducted in populations from cen-
tral/northern Europe and north America and, as
such, with considerable ethnic as well as dietary diffe-
rences in respect to those of the present study. These
differences may explain why our patients and control
subjects had higher concentrations of serum folate
and vitamin B12 than the individuals analysed in
most of the reported studies [15±17, 23, 37, 38]. The

consensus is that the detrimental effects of low serum
folate and vitamin B12 on Hcy plasma levels become
apparent only below certain levels, or cut-off points.
These cut-offs points are situated at concentrations
around 10 nmol/l of folate and 375 pmol/l of vitamin
B12 [37, 42]. In our study, the mean of the concentra-
tions of serum folate and vitamin B12 of the patients
with diabetes are, in general, higher than these cut-
off points (Table 2). Noticeably, the non-Gaussian
distribution of these vitamin concentrations in our
NIDDM and IDDM patients was due to the higher
frequency of patients with high levels of these vita-
mins. Moreover, the serum concentrations of these vi-
tamins were generally higher in the patient groups
than in their respective controls (Table 2). The reason
for the increased serum concentration of folate and
vitamin B12 in the diabetic patients could be related
to their treatment, especially the diet.

Around 19% of IDDM patients and 44% of NID-
DM patients had a previous history of nephropathy,
as indicated by elevated creatinine concentrations,
proteinuria or microalbuminuria (Table 1). Univari-
ate correlations and multiple regression analysis
showed that AER was the independent parameter
that correlated best with plasma Hcy values, both in
IDDM and NIDDM patients (Table 3). We are not
aware of any report indicating that hyperhomocys-
teinaemia induces nephropathy whereas, conversely,
renal failure causing hyperhomocysteinaemia is well
documented. Several of our findings support the con-
cept that, mainly in the NIDDM patients, the exis-
tence of nephropathy was a major cause of fasting
hyperhomocysteinaemia [21, 22]. Firstly, the Hcy
concentrations in IDDM and NIDDM patients with
nephropathy were higher than that in patients with
IDDM and NIDDM without nephropathy (Fig.1A).
Secondly, the diabetic group as a whole and the NID-
DM subgroup showed significant increases in Hcy
values at nearly all levels where the severity of ne-
phropathy increased (Fig.1B). Thirdly, when the pati-
ents with IDDM and NIDDM were classified as hav-
ing normohomocysteinaemia or hyperhomocystein-
aemia, the latter had significant increases in most pa-
rameters indicative of nephropathy (Table 4).
Fourthly, 80% of diabetic patients with fasting hyper-
homocysteinaemia presented with nephropathy.
However, 38% of patients with well-defined ne-
phropathy did not have fasting hyperhomocysteina-
emia. Comparing patients with nephropathy with
and without hyperhomocysteinaemia, the main dif-
ferences were that the patients with hyperhomocyste-
inaemia were older and had more severe nephropa-
thy (Table 5).

One of the most interesting findings of our study
relates to the tendency towards Hcy elevation in the
stages of incipient and overt nephropathy, especially
in NIDDM patients. Because patients with serum
creatinine over 120 mmol/l were excluded from these
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analysis (see legend to Fig. 1) and Cockroft-Gault de-
rived creatinine clearances were not different from
those of patients without nephropathy, this associa-
tion does not seems to be due to an impairment of
the glomerular filtration rate.

Given that age is another major independent fac-
tor associated with Hcy concentrations (Table 3), in-
teractions between nephropathy and age would ap-
pear to be as critical in determining the concentration
of plasma Hcy in the patients studied. This could ex-
plain, at least in part, why the association between
nephropathy and hyperhomocysteinaemia was
stronger in our NIDDM patients, who were older,
with respect to our IDDM patients. Also, hyperten-
sion could favour hyperhomocysteinaemia by causing
or favouring nephropathy, although other mecha-
nisms are also possible [36].

Our results extend those of Hultberg et al. [25]
who studied 79 IDDM patients and in which fasting
hyperhomocysteinaemia was confined to those with
serum creatinine over 115 mmol/l and/or ratio of albu-
min:creatinine clearance over 20. Agardh et al. [43]
studied 76 IDDM patients and found a significant
correlation between AER and Hcy. However, Hcy
concentrations of normoalbuminuric and microalbu-
minuric patients were not significantly different.
Robillon et al. [27] also studied fasting Hcy in 41
IDDM patients and observed lower levels of Hcy in
IDDM patients than in control subjects. They did
not find any correlation between Hcy values and the
concentrations of vitamins and lipids nor with the
presence of nephropathy. The reason for the discrep-
ancy between these studies remains unclear. How-
ever, our protocol is the only one which measured
AER in 24-h urine specimens and included patients
with both types of diabetes. This aspect may be of im-
portance since in our study: i) the association be-
tween AER and Hcy was stronger in NIDDM than
in IDDM patients and; ii) age was an important fac-
tor in the increased Hcy values observed.

The molecular and cellular bases of the kidney's
metabolism of Hcy remain largely unknown. The me-
tabolism of Hcy involves two pathways, the remethy-
lation to methionine and the transulphuration to cys-
tathionine and cysteine. Fasting Hcy measurements
appear to reflect mainly the remethylation pathway
[44]. There are two ways in which Hcy is remethylated
to methionine. In one, methyltetrahydrofolate is the
donor of the methyl group. This compound is formed
by the action of the methylenetetrahydrofolate reduc-
tase [45]. Vitamin B12 transfers this methyl group to
Hcy to form methionine in a reaction catalysed by
the enzyme methionine synthase [46]. An additional
remethylation reaction uses betaine as the methyl do-
nor, in a step catalysed by the enzyme betaine:ho-
mocysteine methyltransferase [47]. Both remethyla-
tion steps seem equally important in terms of Hcy
conversion to methionine. While the enzymes me-

thionine synthase and methylenetetrahydrofolate re-
ductase are widely distributed in different tissues, be-
taine:homocysteine methyltransferase is restricted, in
humans, to the liver and the kidney [45±48]. Thus,
one or the other or both remethylation reactions
could be altered in patients with diabetes and ne-
phropathy. One explanation is that the renal lesion af-
fects the synthesis of these enzymes. The correlation
of Hcy with AER would suggest that the cell type dys-
function causing hyperhomocysteinaemia is localized
mainly in the glomeruli. There is, as yet, little informa-
tion on the mRNA expression of methylenetetrahy-
drofolate reductase and betaine:homocysteine me-
thyltransferase in different tissues and cell types since
their cloning and sequencing has been recent [45, 47].
A second possibility is that nephropathy affects the
availability of the methyl donor substrates (folate
and betaine) or vitamin B12 (the cofactor of methio-
nine synthase). Our measurements of serum folate
and vitamin B12 and erythrocyte folate did not corre-
late with plasma Hcy. We did not measure betaine.
Therefore, a decrease in the availability of betaine in
the kidneys of patients with diabetes and nephropathy
remains a possibility, particularly since plasma be-
taine has been shown to be negatively correlated
with microalbuminuria in diabetic subjects [49].

In our study, the Hcy levels were higher in patients
with IDDM and macroangiopathy than in patients
with IDDM without macroangiopathy. This diffe-
rence was not observed in NIDDM. These results
should be viewed with caution. In the case of the
IDDM group there were only four patients with ma-
croangiopathy; while in the case of the NIDDM
group a higher cardiovascular mortality rate for pati-
ents with hyperhomocysteinaemia cannot be ruled
out [50]. To our knowledge, the only previously pub-
lished data on the incidence of macroangiopathy in
diabetic patients are the studies of Araki et al. [26]
and Munshi et al. [28]. Araki et al. [26] studied 136
patients with NIDDM, 38.2% of whom had macroan-
giopathy. Fasting Hcy concentrations in patients with
diabetes and macroangiopathy (10.8 ± 3.8 mmol/l)
were higher than Hcy values in patients with diabetes
but without macroangiopathy (8.3 ± 3.1 mmol/l) or in
control subjects (7.5 ± 2.1 mmol/l) [26]. Munshi et al.
[28] studied fasting and post-methionine load Hcy in
11 patients with diabetes without macroangiopathy
(5 IDDM and 6 NIDDM), 17 patients with diabetes
and macroangiopathy (5 IDDM and 12 NIDDM).
NIDDM patients with macroangiopathy presented
with higher post-methionine Hcy values than patients
with NIDDM without macroangiopathy or control
individuals. No differences were observed in the fast-
ing Hcy values between the different groups [28].

The results of the present study suggest that inci-
pient and overt nephropathy, in the absence of renal
failure, is associated with elevations of plasma Hcy
in patients with NIDDM. This is of particular impor-

A.Chico et al.: Homocysteine in diabetes mellitus 691



tance because these patients are at high risk of deve-
loping CVD and effective therapy for the hyperhom-
ocysteinaemia is available. Prospective studies are
needed to evaluate the relationship between ne-
phropathy and hyperhomocysteinaemia and to know
whether hyperhomocysteinaemia has a causal role in
the development of macroangiopathy in patients
with diabetes. It would be of interest, also, to assess
whether the association between AER and plasma
Hcy concentration holds true in non-diabetic subjects
in whom microalbuminuria is also an important car-
diovascular risk factor but the underlying mechanism
of which is unknown. Hyperhomocysteinaemia has
been shown to impair endothelial function and is,
therefore, a potential candidate for explaining the
link between microalbuminuria, endothelial disfunc-
tion and CVD as proposed by the Steno hypothesis
[51±55].

Addendum. While this manuscript was under review,
Hofmann et al. [56] reported a high prevalence of
hyperhomocysteinaemia and endothelial dysfunction
in patients with IDDM of long duration (mean of
22 years), also associated with nephropathy.
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