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Abstract

Objectives The aim of this study was to investigate the

determinants of serum total homocysteine level (tHcy) in

patients with type 2 diabetes mellitus (DM) according to sex.

Methods A total of 1,276 Japanese, diabetics (n = 280)

with a control group of non-diabetics (n = 996), were

enrolled into the study from 2003 to 2005. This cross-

sectional study was conducted for all the subjects, using

personal data regarding clinical characteristics and life-

style. Multiple regression analysis was performed to

analyze the association of tHcy with selected factors.

Results In diabetic subjects, estimated glomerular filtra-

tion rate (eGFR) and serum creatinine levels (Cre), even

those within the normal range, were strongly associated

with tHcy after adjustment in both sexes; the standardized

partial regression coefficient of eGFR for tHcy was

-0.251, (p = 0.001) in diabetic men and -0.523,

(p \ 0.001) in diabetic women. Furthermore, the eGFR of

the diabetics, except patients with nephropathy, also had

significant association with tHcy in both sexes. Fasting

plasma glucose levels and serum triglyceride levels were

strongly associated with tHcy in diabetic men only. HbA1c

was also associated with tHcy in diabetic men only, though

not as significantly. Age and presence of hypertension were

significantly associated with tHcy in women.

Conclusions This study suggests that there are some

differences in the factors associated with tHcy between

diabetics and non-diabetics, and between the sexes. There

is, therefore, circumstantial evidence that elevated tHcy

should be evaluated clinically. Because tHcy was strongly

associated with eGFR and Cre, even within the normal

ranges, tHcy may have important implications regarding

the microangiopathy of the kidney and atherosclerosis.

Keywords Homocysteine � Type 2 diabetes mellitus �
Lifestyle � Estimated glomerular filtration rate �
Serum creatinine

Introduction

Homocysteine is a sulfur-containing amino acid formed

during metabolism of the essential amino acid methionine

[1, 2]. Serum total homocysteine concentration (tHcy) has

been recognized as an atherogenic factor, promoting

oxidative stress, inflammation, thrombosis, endothelial

dysfunction, and cell proliferation [2–4]. In addition, many

previous epidemiologic studies suggest that elevated tHcy

is a new, strong, and independent risk factor of coronary

heart disease (CHD) and stroke [5–7]. Also in Japan, seve-

ral previous studies reported that tHcy was an independent

risk factor of ischemic stroke [8, 9].

It has also been reported that several factors, including

age, gender, smoking, alcohol consumption, malignancies,

thyroid disease, renal failure, nutrition (deficiency of folic

acid, Vitamin B6 and B12), medication, and gene type of
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methylene tetrahydrofolate reductase (MTHFR) can affect

tHcy [10–12]; Jacques [13–15]. Thus, the changes in tHcy

might derive from a combination of these factors [10]. As

regards the effects of age and gender, it was clearly shown

that tHcy increased with age, and was higher in males than

in females [16].

Diabetic patients have increased risk of vascular com-

plications or CHD, since hyperglycemia leads to vascular

dysfunction [17, 18]. In Japan, diabetics have a two to four-

fold greater risk of vascular disease occurrence as com-

pared with non-diabetics [19]. In recent years, it has been

suggested that atherosclerosis develops markedly even in

the phase of mild impairment of glucose tolerance [20]. In

addition, several studies have shown the positive and

negative association between tHcy and pathophysiology of

diabetes mellitus (DM) [14, 21–24]. In Japan, some studies

have reported the factors associated with tHcy in DM [25].

However, the clinical guideline for lowering tHcy has not

yet been fully established in Japanese community health-

care activities. Accordingly, it will be necessary that the

determinants of tHcy in DM patients will be concurrently

analyzed by multi-factors.

The aim of this study was, first, to investigate the cross-

sectional association of tHcy with DM in middle-aged and

old-aged Japanese according to sex. The second objective

was to clarify the associations of tHcy with other various

biomarkers or health indices. Moreover, the third objective

was to clarify which type of DM treatment and complica-

tion could further specifically affect tHcy in DM patients.

Subjects and methods

Subjects

A total of 1,276 individuals, who had visited a medical

clinic in Tokyo, from 1st August 2003 to 31st July 2005,

were enrolled in the study. They consisted of 587 males

and 689 females, who had had a complete medical check-

up or diabetic outpatient care at the clinic. Two hundred

and eighty of the 1,276 subjects were diagnosed with type 2

DM. No one suffered from type 1 or other DM types. The

diabetic patients in this study were treated in one of three

ways: with special dietetic therapy and exercise by dieti-

cians and exercise therapists; with oral agents; or with

insulin therapy. All patients received the complete course

of their therapy. Patients with malignancy or thyroid dis-

ease were excluded from the study. One-hundred and

eighty-six of the 1,276 subjects had experienced myocar-

dial infarction (MI) or cerebral infarction (CI). All the

subjects gave written informed consent before participating

in the study. This study was approved by the Human Ethics

Committee of Kyorin University School of Medicine.

Clinical measurements and questionnaire

All subjects underwent the following physical examina-

tions: tHcy, fasting plasma glucose level (FPG),

hemoglobin A1c level (HbA1c), total cholesterol level in

serum (TC), serum triglyceride level (TG), serum creati-

nine level (Cre), blood pressure (BP), and body mass index

(BMI). Furthermore, estimated glomerular filtration rate

(eGFR) was calculated by the modification of diet in renal

disease (MDRD) method [26].

Serum total homocysteine concentration was determined

by HPLC (LC-9A, Shimadzu, Kyoto, Japan) [11]. Cre was

assayed by an enzyme method. The glucose-hydrogenase

method was used for plasma glucose assay [27]. The latex

agglutination turbidimetric immunoassay method was used

for HbA1c assay [28]. TC was determined by the cholesterol

dehydrogenase (UV-End) method [29]. TG was determined

by an enzyme method [30] and transformed to a logarithm

because of non-normal distribution. Brachial blood pressure

of the subjects was measured by use of a mercury sphyg-

momanometer in the sitting position after sufficient rest. BP

was classified into the following three categories: hyper-

tension, systolic blood pressure (SBP) C 140 mmHg, or

diastolic blood pressure (DBP) C 90 mmHg; high level of

normal range, 130 mmHg B SBP \ 140 mmHg, and/or

80 mmHg B DBP \ 90 mmHg except for hypertension;

and normal, SBP \ 130 mmHg and DBP \ 80 mmHg [31].

Personal information regarding the subjects was col-

lected from their medical records and from a questionnaire.

Identification of DM cases was fulfilled according to

diagnostic criteria set by Japan Diabetes Society recom-

mendations [32]. Presence of MI or CI, contents of

treatment regimen for DM and complication status of DM

characterized by neuropathy, retinopathy, or nephropathy,

were also confirmed from subjects’ medical records at the

point of the examinations. In this study, patients with

nephropathy had 300 mg/day or more urinary protein.

An interview-based questionnaire was conducted to

investigate each subject’s background and lifestyle. The

questionnaire included questions concerning the issues:

1 smoking habits—non-smokers or current smokers; and

2 drinking habits—non/occasional drinkers or habitual

drinkers.

Statistical analysis

In this study, the data of age, gender, tHcy, FPG, HbA1c,

C, logarithmic TG (logTG), Cre, eGFR, BMI, BP

(normal = 0, high level of normal range = 1, hyper-

tension = 2),current smoking habit (non-smokers = 0,

current smokers = 1), routine drinking habit (non-or

occasional drinkers = 0, habitual drinkers = 1), DM
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(non-diabetics = 0, diabetics = 1), diabetic complication

(neuropathy, retinopathy, nephropathy), types of treatment

regimen for DM (only diet and exercise = 0, oral

agent = 1, insulin therapy = 2), previous history of MI

or CI (not yet = 0, presence of MI or CI = 1), and infor-

mation about taking antihypertensive agent (no = 0,

routine intake = 1) or lipid-lowering agent (no = 0, rou-

tine intake = 1) were subjected to analyses as a cross-

sectional study. In addition to the analyses for all the

subjects (n = 1,276), the DM group (n = 280) and the

non-DM group (n = 996) were also conducted as the sub-

groups. Multiple regression analysis was performed to

analyze the association of tHcy with selected factors. The

0.05 level was regarded as the cut-off point of statistical

significance.

All the statistical analyses were performed using SAS

statistical software for Windows, version 8.2.

Results

Detailed characteristics of subjects are shown in Table 1.

The mean levels of tHcy were 11.26 lmol/l for males and

8.60 lmol/l for females. tHcy was higher in males than in

females, and was higher in DM than in non-DM.

As shown in Table 2, in both sexes, DM was signifi-

cantly associated with increased tHcy after adjustment for

age and Cre; partial regression coefficient (b) ± standard

error in tHcy between DM and non-DM was

1.409 ± 0.458 (p = 0.002) in males and 1.004 ± 0.275

(p \ 0.001) in females. The association of HbA1c with

tHcy was significant in males only after adjustment for

multi-variables. Substituted DM or FPG as variables for

HbA1c in Model B produced the same results: standard

partial regression coefficient of DM for tHcy was 0.107

(p \ 0.05) in males and 0.060 (p [ 0.05) in females; that

Table 1 Basic characteristic data for all subjects

Males Females

DM Non-DM p value DM Non-DM p value

N 196 391 84 605

Homocysteine (lmol/l)a 12.28 ± 7.23 10.75 ± 3.39 0.005b 9.99 ± 4.39 8.41 ± 2.40 0.002b

Agea 60.76 ± 10.37 56.14 ± 13.12 \0.001b 64.73 ± 10.57 56.38 ± 13.40 \0.001b

Fasting plasma glucose (mg/dl)a 173.58 ± 82.29 90.13 ± 8.91 \0.001b 172.88 ± 85.63 87.10 ± 8.62 \0.001b

HbA1c (%)a 7.72 ± 1.50 5.10 ± 0.35 \0.001b 7.90 ± 1.86 5.13 ± 0.36 \0.001b

Total cholesterol (mg/dl)a 211.29 ± 35.78 210.13 ± 42.70 0.730b 230.38 ± 35.99 219.79 ± 42.46 0.030b

Triglyceride (mg/dl)a 156.12 ± 105.13 135.18 ± 98.40 0.018b 160.04 ± 111.59 91.99 ± 59.20 \0.001b

Serum creatinine (mg/dl)a 0.88 ± 0.27 0.86 ± 0.15 0.423b 0.71 ± 0.68 0.65 ± 0.12 0.468b

eGFR (ml/min/1.73 m2)a 70.38 ± 17.10 70.47 ± 14.34 0.949b 73.73 ± 22.11 71.95 ± 14.55 0.483b

Body mass index (kg/ m2)a 23.81 ± 4.00 23.51 ± 2.92 0.376b 23.42 ± 4.79 21.72 ± 3.31 0.005b

Blood pressure (%)

N 20.41 (n = 40) 46.83 (n = 183) \0.001c 13.10 (n = 11) 62.22 (n = 376) \0.001c

B 18.88 (n = 37) 11.64 (n = 46) 17.86 (n = 15) 9.74 (n = 59)

H 60.71 (n = 119) 41.53 (n = 162) 69.05 (n = 58) 28.03 (n = 170)

Current smoking habits (%)

(-) 68.37 (n = 134) 81.03 (n = 317) \0.001c 86.90 (n = 73) 90.89 (n = 550) 0.245c

(+) 31.63 (n = 62) 18.97 (n = 74) 13.10 (n = 11) 9.11 (n = 55)

Routine drinking habits (%)

(-) 35.20 (n = 69) 26.92 (n = 105) 0.039c 75.00 (n = 63) 57.95 (n = 351) 0.003c

(+) 64.80 (n = 127) 73.08 (n = 286) 25.00 (n = 21) 42.05 (n = 254)

No history of vascular event (%) 80.10 (n = 157) 89.26 (n = 349) 0.021c 76.19 (n = 64) 92.56 (n = 560) \0.001c

History of only MI (%) 12.76 (n = 25) 7.67 (n = 30) 16.67 (n = 14) 5.29 (n = 32)

History of only CI (%) 4.08 (n = 8) 1.79 (n = 7) 7.14 (n = 6) 1.49 (n = 9)

History of MI and CI (%) 3.06 (n = 6) 1.28 (n = 5) 0.00 (n = 0) 0.66 (n = 4)

eGFR, estimated glomerular filtration rate by MDRD method; N, normal as SBP \ 130 mmHg, and DBP \ 80 mmHg; B, high level of normal

range as 130 mmHg B SBP \ 140 mmHg, and/or 80 mmHg B DBP \ 90 mmHg except for hypertension; H, hypertension as SBP C 140

mmHg, or DBP C 90 mmHg; MI, myocardial infarction; CI, cerebral infarction
a Mean and standard deviations are indicated
b p value by Welch’s t test
c p value by Chi-square test
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of FPG for tHcy was 0.098 (p \ 0.05) in males and 0.047

(p [ 0.05) in females, (data not shown in Table 2). eGFR

had the strongest association with tHcy in both sexes.

As shown in Table 3, eGFR and Cre had a strong

association with tHcy in both sexes according to multiple

regression analysis, irrespective of presence or absence of

DM. Furthermore, eGFR of the diabetics except patients

with nephropathy had also strong association with tHcy

in both sexes (p = 0.023 and p = 0.017 in males and

females, respectively, data not shown in Table 3). eGFR

and Cre had also strong association with tHcy after

adjustment for Model B. Table 3 shows that the factors

except eGFR and Cre associated with tHcy were different

between diabetics and non-diabetics in males. The FPG and

the logTG after adjustment for Model A were significantly

positively associated with tHcy in diabetic males only. In

contrast, taking anti-hypertension agents, BP, and drinking

habits were associated with tHcy in non-diabetic males.

However, there was no difference in the factors associated

with tHcy between DM and non-DM in females. Age, BP,

Cre and eGFR were significantly associated with tHcy in

females. With regard to association with lifestyle, current

smoking habits had no significant association, but they had

a close positive relation with tHcy in diabetic males,

whereas drinking habits were negatively associated with

tHcy in non-diabetic males.

In Table 4, tHcy is compared among different subgroups

by type of DM treatment and diabetic complications

according to analysis of covariance. As regards the asso-

ciation with type of treatment, tHcy was highest in subjects

receiving insulin therapy and lowest in those using only

diet and exercise, after adjustment for age, HbA1c, and

Cre. It was found that nephropathy was significantly

associated with tHcy after adjustment for age and HbA1c.

Even after further adjustment for past history of car-

diovascular events and intake of metformin, one of the

Table 2 Correlations with serum total homocysteine concentration level in all subjects, calculated by multiple regression analysis

Male (n = 587) Female (n = 689)

Partial

regression

coefficient

(b) ± SE

Standardized

partial

regression

coefficient

p value

of

model

Standardized

partial

regression

coefficient

Partial

regression

coefficient

(b) ± SE

Standardized

partial

regression

coefficient

p value

of

model

Standardized

partial

regression

coefficient

Model Ad Model Ad Ad Model Be Model Ad Model Ad Ad Model Be

Age 0.012 ± 0.018 0.027 0.516 -0.090 0.039 ± 0.007 0.174 \0.001 0.058

DM 1.409 ± 0.458 0.128 0.002 – 1.004 ± 0.275 0.120 \0.001 –

FPG (mg/dl) 0.018 ± 0.003 0.223 \0.001 – 0.006 ± 0.002 0.085 0.010 –

HbA1c (%) 0.559 ± 0.141 0.167 \0.001 0.115* 0.251 ± 0.078 0.110 0.001 0.071

TC (mg/dl) 0.021 ± 0.005 0.163 \0.001 0.064 0.005 ± 0.002 0.071 0.033 0.064

logTG (mg/dl) 0.837 ± 0.370 0.095 0.024 -0.038 0.393 ± 0.175 0.076 0.025 -0.037

Cre (mg/dl) 6.015 ± 1.118 0.225 \0.001 – 5.809 ± 0.343 0.552 \0.001 –

eGFR -0.067 ± 0.015 -0.195 \0.001 -0.280* -0.060 ± 0.007 -0.331 \0.001 -0.271**

BP 0.635 ± 0.255 0.111 0.013 -0.018 0.458 ± 0.111 0.149 \0.001 0.158*

a-h agent 1.489 ± 0.501 0.211 \0.001 0.181* 0.397 ± 0.233 0.059 0.092 -0.026

BMI (kg/m2) 0.081 ± 0.045 0.075 0.076 0.063 0.070 ± 0.028 0.096 0.013 0.060

Smokinga 1.433 ± 0.519 0.116 0.006 0.057 0.678 ± 0.325 0.068 0.038 0.084*

Drinkingb -0.376 ± 0.473 -0.033 0.428 -0.115* -0.285 ± 0.191 -0.049 0.135 -0.012

V eventc -0.305 ± 0.634 -0.020 0.631 -0.056 0.939 ± 0.307 0.101 0.002 0.080

DM, non-diabetics = 0, diabetics = 1; Cre, serum creatinine; eGFR, estimated glomerular filtration rate by MDRD method (ml/min/1.73 m2);

BP, blood pressure (N = 0; normal as SBP \ 130 mmHg, and DBP \ 80 mmHg, B = 1, high level of normal range as 130 mmHg B

SBP \ 140 mmHg, and/or 80 mmHg B DBP \ 90 mmHg except for hypertension, H = 2; Hypertension as SBP C 140 mmHg, or DBP

C 90 mmHg); a-h agent, anti-hypertensive agent (no = 0, routine intake = 1)
a Smoking, smoking habits (non-smokers = 0, current smokers = 1)
b Drinking, routine drinking habits (non-or occasional drinkers = 0, habitual drinkers = 1)
c V event, history of myocardial infarction or cerebral infarction (not yet = 0, have past history = 1)
d Model A was adjusted for age and Cre, however, that of eGFR was adjusted for age
e Model B was adjusted for multi-variables (age, HbA1c, TC, logTG, eGFR, BP, a-h agent, BMI, smoking, drinking and V event)

* p value \ 0.05; ** p value \ 0.001
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Table 3 Correlations with serum total homocysteine concentration level in diabetics and non-diabetic subjects according to multiple regression

analysis

DM (n = 196) Non-DM (n = 391)

Partial

regression

coefficient

(b) ± SE

(Model Ad)

Standardized

partial

regression

coefficient

(Model Ad)

p value

(Model Ad)

Standardized

partial regression

coefficient

(Model Be)

Partial

regression

coefficient

(b) ± SE

(Model Ad)

Standardized

partial

regression

coefficient

(Model Ad)

p value

(Model Ad)

Standardized

partial

regression

coefficient

(Model Be)

Males

Age 0.017 ± 0.051 0.023 0.746 -0.036 -0.001 ± 0.014 -0.004 0.939 -0.102

FPG 0.020 ± 0.006 0.227 0.001 – 0.026 ± 0.021 0.064 0.226 –

HbA1c 0.654 ± 0.347 0.132 0.061 0.118 0.107 ± 0.542 0.011 0.843 -0.042

TC 0.048 ± 0.014 0.231 0.001 -0.040 0.010 ± 0.004 0.124 0.020 0.101

logTG 1.948 ± 0.843 0.163 0.022 0.018 -0.033 ± 0.321 -0.006 0.917 -0.074

Cre 6.988 ± 1.998 0.250 \0.001 – 3.948 ± 1.243 0.167 0.002 –

eGFR -0.109 ± 0.033 -0.251 0.001 -0.468** -0.039 ± 0.013 -0.160 0.004 -0.161*

BP 0.705 ± 0.678 0.077 0.299 -0.052 0.420 ± 0.204 0.116 0.040 0.046

a-h agent 2.184 ± 1.166 0.143 0.063 0.257* 0.859 ± 0.428 0.111 0.046 0.099

BMI 0.039 ± 0.059 0.043 0.513 0.014 0.116 ± 0.065 0.097 0.073 0.106

Smokinga 2.136 ± 1.131 0.134 0.060 0.052 0.477 ± 0.471 0.054 0.311 0.047

Drinkingb 0.588 ± 1.087 0.038 0.590 -0.048 -0.806 ± 0.403 -0.104 0.046 -0.157*

V eventc -1.230 ± 1.347 -0.067 0.363 -0.154* -0.002 ± 0.577 -0.001 0.997 -0.021

DM (n = 84) Non-DM (n = 605)

Females

Age 0.050 ± 0.025 0.121 0.004 0.082 0.032 ± 0.008 0.166 \0.001 0.086

FPG 0.002 ± 0.003 0.031 0.609 – -0.006 ± 0.012 -0.020 0.626 –

HbA1c 0.105 ± 0.150 0.043 0.488 0.145 -0.133 ± 0.310 -0.020 0.668 -0.054

TC 0.003 ± 0.007 0.026 0.665 0.032 0.004 ± 0.002 0.077 0.060 0.076

logTG 0.644 ± 0.438 0.087 0.146 0.035 0.128 ± 0.199 0.027 0.521 -0.046

Cre 5.448 ± 0.387 0.834 \0.001 – 7.057 ± 0.823 0.342 \0.001 –

eGFR -0.105 ± 0.021 -0.523 \0.001 -0.400* -0.048 ± 0.007 -0.160 \0.001 -0.241**

BP 0.756 ± 0.376 0.120 0.048 0.179 0.334 ± 0.120 0.123 0.006 0.161

a-h agent 0.377 ± 0.547 0.043 0.492 0.030 0.235 ± 0.259 0.039 0.365 -0.041

BMI 0.095 ± 0.065 0.157 0.153 0.064 0.050 ± 0.031 0.066 0.110 0.065

Smokinga 1.096 ± 0.767 0.085 0.157 0.155 0.469 ± 0.357 0.053 0.190 0.073

Drinkingb -0.814 ± 0.605 -0.079 0.182 -0.066 -0.156 ± 0.200 -0.031 0.436 -0.008

V eventc 1.019 ± 0.613 0.098 0.101 0.178* 0.696 ± 0.358 0.079 0.053 0.060

Cre, Serum creatinine; eGFR, estimated glomerular filtration rate by MDRD method; BP, blood pressure (N = 0; normal as SBP \ 130 mmHg,

and DBP \ 80 mmHg, B = 1; high level of normal range as 130 mmHg B SBP \ 140 mmHg, and/or 80 mmHg B DBP \ 90 mmHg except

for hypertension, H = 2; hypertension as SBP C 140 mmHg, or DBP C 90 mmHg); a-h agent, anti-hypertensive agent (no = 0, routine

intake = 1)
a Smoking habits; non-smokers = 0, current smokers = 1
b Drinking habits; non-or occasional drinkers = 0, habitual drinkers = 1
c Vascular event; history of Myocardial infarction or Cerebral Infarction (not yet = 0, or have past history = 1)
d Model A was adjusted for age and Cre, however, that of eGFR was adjusted for Age
e Model B was adjusted for multi-variables (Age, HbA1c, TC, logTG, eGFR, BP, a-h agent, BMI, Smoking, Drinking and V event)

* p value \ 0.05, ** p value \ 0.001
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important agents affecting tHcy [33], all the above results

were basically unchanged (data were not shown).

Discussion

First, the association between tHcy and glycemic control,

DM treatment type, and diabetic complication were con-

sidered. Glycemic status had an independent close

association with tHcy in diabetic males only. In this study,

the association of tHcy and glycemic control in females

was not significant, suggesting that this sex difference was

possibly caused by sex hormones. As estrogen inhibits the

progression of atherosclerosis [34], shortage of estrogen in

males may lead to elevation of tHcy, which promotes

thrombogenesis.

Hyperglycemia increases oxidative stress and asym-

metric dimethylarginine (ADMA) in the vascular

endothelium [35]. Meanwhile, elevated tHcy induces

endothelial dysfunction via increased oxidative stress and

ADMA [4, 36, 37]. This oxidative stress affecting tHcy

may arise as a result of oxidative damage of vascular

endothelial cells and increased proliferation of vascular

smooth muscle cells after oxidative metabolism of

homocysteine to homocysteine and homocysteine thiolac-

tone. However, it remains unclear whether hyperglycemia

leads to elevation of tHcy or, conversely whether tHcy

leads to hyperglycemia [2]. For males in this study, the

glycemic status had close association with tHcy in DM but

not in non-DM. Therefore, tHcy may increase after the

onset of DM.

Although we did not measure plasma insulin levels in

this study, some previous studies have shown the positive

association between insulin-resistant status and tHcy, and

indicated that insulin levels may affect the activity of

enzymes involved in homocysteine metabolism [38].

Fonseca et al. [38] have reported that insulin treatment in

rats caused a reduction of the enzyme cystathionine

b-synthase and increasing MTHFR activity, leading to

elevated tHcy. This may suggest that not only chronic

hyperinsulynemia but also acute hyperinsulynemia by

insulin injection increase tHcy. In this study, DM treat-

ment levels after adjustment for HbA1c, age, and Cre

were not significantly associated with tHcy. However,

tHcy of the subjects receiving insulin therapy was rela-

tively high compared with the other two categories of

treatment. These findings were consistent with previous

studies.

Table 4 Comparisons of serum total homocysteine level among different subgroups in diabetic subjects according to analysis of covariance

Males (n = 196) Females (n = 84)

n Mean ± SE

(lmol/l)

Least squares

means ± SE

(lmol/l)

p valued p valuee n Mean ± SE

(lmol/l)

Least squares

means ± SE

(lmol/l)

p valued p valuee

Treatment

Diet and exercise 60 11.22 ± 3.26 11.57 ± 0.98 b 0.146 0.622 23 9.69 ± 2.59 9.84 ± 0.61 b 0.700 0.862

Oral agents 109 12.21 ± 3.76 12.17 ± 0.69 b – 47 9.71 ± 2.26 9.97 ± 0.36 b –

Insulin treatment 27 14.90 ± 17.30 14.14 ± 1.41 b 0.209 14 11.40 ± 9.53 10.26 ± 0.75 b 0.730

p for trenda 0.039 0.178 0.316 0.710

Complication

Neuropathy (-) 119 12.38 ± 9.05 12.74 ± 0.66 b 61 9.50 ± 2.49 9.84 ± 0.32 b

Neuropathy (+) 77 12.15 ± 3.47 11.54 ± 0.82 b 23 11.27 ± 7.30 10.37 ± 0.52 b

p for trenda 0.835 0.261 0.101 0.397

Retinopathy (-) 151 11.99 ± 8.09 12.41 ± 0.59 b 67 9.88 ± 4.63 9.74 ± 0.30 b

Retinopathy (+) 45 13.28 ± 3.99 11.76 ± 1.13 b 17 10.39 ± 3.35 10.92 ± 0.59 b

p for trenda 0.307 0.623 0.671 0.080

Nephropathy (-) 175 11.53 ± 3.26 11.58 ± 0.53 c 78 9.49 ± 2.62 9.46 ± 0.46 c

Nephropathy(+) 21 18.59 ± 19.75 18.08 ± 1.55 c 6 16.45 ± 12.66 16.47 ± 1.64 c

p for trenda \0.001 \0.001 \0.001 \0.001

a p for trend by multiple regression analysis
b Adjustment variables; age, HbA1c and Cre
c Adjustment variables; age and HbA1c
d p value for difference is compared between ‘‘Diet and exercise’’ and ‘‘Insulin treatment’’
e p value for difference is compared with ‘‘Oral agents’’(reference group)
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With respect to the effects of diabetic complications, a

strong association between nephropathy and tHcy was

found in this study. This finding was consistent with the

results from previous studies [39–41]). It has been revealed

that the deterioration of renal function is associated with

elevated tHcy. The transformation of methionine to

homocysteine occurs via a demethylation pathway, pro-

viding a methyl group with glycocyamine in the creation of

creatinine [42]. Thus, in renal metabolism, homocysteine is

closely linked with formation of creatinine [43], through

decreased renal homocysteine excretion, impaired renal

metabolism, or generally reduced B vitamins status in renal

failure [44]. Therefore, Elias and Eng [24] suggested that

adequate management of tHcy could enable prevention of

renal dysfunction.

Second, it is noteworthy that eGFR and Cre within their

normal ranges were strongly associated with tHcy in every

group, DM and non-DM, in both sexes of this study. These

results were consistent with a report by Abdella, et al. [45].

Subtle changes in eGFR and Cre after adjustment reflect

minimal abnormality of renal function, even though within

their normal ranges they may affect tHcy. It has been

established that the incidence and mortality of CKD

increase with the deterioration of eGFR [46]. This study

suggests that the strong association between tHcy and

eGFR may represent a link between heart and kidney.

There is a possibility that a slight change of tHcy in DM

patients or prediabetics can indicate early microangiopathy

of the kidney. However a previous study gave conflicting

results, showing that tHcy in early diabetic nephropathy

was not increased [47]. As another possibility, elevated

tHcy might cause microvascular endothelial damage in a

renal circulation. Clarification of these mechanisms may be

an important issue in future research.

One of the limitations of this study is that we did not

have information on nutrition status of vitamin B6, B12

and folic acid, or gene type such as MTHFR. Furthermore,

since this study was based on a cross-sectional design,

many statistical associations with tHcy found in this study

could not be correctly interpreted.

In the future, further follow-up or interventional studies

will be necessary in order to increasingly clarify the sig-

nificance of tHcy in diabetics.

In conclusion, these findings suggest there are some dif-

ferences in the factors associated with tHcy between

diabetics and non-diabetics, and between males and females.

Glycemic status in DM was more strongly associated with

tHcy in males than in females. There is, therefore, circum-

stantial evidence a prevention and treatment regimen may be

required for elevated tHcy. Because tHcy was strongly

associated with eGFR and Cre even within the normal ran-

ges, tHcy may have important implications regarding the

microangiopathy of the kidney and atherosclerosis.
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37. Björck J, Hellgren M, Råstam L, Lindblad U. Associations

between serum insulin and homocysteine in a Swedish popula-

tion̄a potential link between the metabolic syndrome and

hyperhomocysteinemia: the Skaraborg project. Metabolism.

2006;55:1007–13.

38. Fonseca V, Dicker-Brown A, Ranganathan S, Song W, Barnard

RJ, Kern PA, et al. Effects of a high-fat-sucrose diet on enzymes

in homocysteine metabolism in the rat. Metabolism.

2000;49:736–41.

39. Abdella N, Mojiminiyi OA, Akanji AO. Homocysteine and

endogenous markers of renal function in type 2 diabetic patients

without coronary heart disease. Diabetes Res Clin Pract. 2000;

50:177–85.

40. Stabler SP, Estacio R, Jeffers BW, Cohen JA, Allen RH, Schrier

RW. Total homocysteine is associated with nephropathy in non-

insulin-dependent diabetes mellitus. Metabolism. 1999;48:1096–

101.

41. Ozmen B, Ozmen D, Turgan N, Habif S, Mutaf I, Bayindir O.

Association between homocysteine and renal function in patients

with type 2 diabetes mellitus. Ann Clin Lab Sci. 2002;32:279–86.

42. Mudd SH, Poole JR. Labile methyl balances for normal humans

on various dietary regimens. Metabolism. 1975;24:721–35.

43. Davies L, Wilmshurst EG, McElduff A, Gunton J, Clifton-Bligh

P, Fulcher GR. The relationship among homocysteine, creatinine

clearance, and albuminuria in patients with type 2 diabetes.

Diabetes Care. 2001;24:1805–9.

44. van Guldener C, Stehouwer CD. Homocysteine metabolism in

renal disease. Clin Chem Lab Med. 2003;41:1412–7.

45. Abdella NA, Mojiminiyi OA, Akanji AO, Moussa MA. Associ-

ation of plasma homocysteine concentration in subjects with type

2 diabetes mellitus. Acta Diabetol. 2002;39:183–90.

46. Nakamura K, Okamura T, Hayakawa T, Kadowaki T, Kita Y,

Ueshima H, et al. The NIPPON DATA90 Research Group.

Chronic kidney disease is a risk factor for cardiovascular death in

a community-based population in Japan: NIPPON DATA90. Circ

J. 2006;70:954–9.

47. Agardh CD, Agardh E, Andersson A, Hultberg B. Lack of

association between plasma homocysteine levels and microan-

giopathy in type 1 diabetes mellitus. Scand J Clin Lab Invest.

1994;54:637–41.

Environ Health Prev Med (2008) 13:148–155 155

123


	Factors associated with serum total homocysteine �level in type 2 diabetes
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Subjects and methods
	Subjects
	Clinical measurements and questionnaire
	Statistical analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


