Table 1
Baseline characteristics by sex and serum 1,5-anhydro-p-glucitol levels, the Suita study, Japan, 1994-2007.

Men
1,5-Anhydro-p-glucitol (pug/mL) p
>24.5 14.1-244 <14.0
Number of subjects 423 416 152
Age (years) 58(12) 61(12) 63(11) <0.001
Body mass index (kg/m?) 22.7(2.7) 22.8(2.9) 23.1(2.9) 0.24
HDL cholesterol (mmol/L) 1.4(03) 1.4(0.4) 1.4(0.4) 048
1,5-Anhydro-p-glucitol (pg/mL) 31.3(5.6) 19.7(3.0) 8.8(36) <0.001
Estimated GFR (mL/min/1.73 m?) 80.2 (15.6) 78.1(16.0) 79.0 (18.1) 0.19
Hypertension (%) 32 37 45 0.01
Hypercholesterolemia (%)° 23 23 21 0.85
Diabetes (%)° 0 3 30 <0.001
Current cigarette smoking (%) 44 39 41 0.36
Alcohol drinking (non/light to 29/53/18 29/55/16 35/47/18 0.55
moderate/heavy) (%)
Hypertension medication (%) 13 15 20 0.09
Hypercholesterolemia medication (%) 4 4 5 0.81
Diabetes medication (%) 0 0 20 <0.001
Women
1,5-Anhydro-p-glucitol (pg/mL) p
>21.3 14.1-21.2 <14.0
Number of subjects 442 438 224
Age (years) 59(12) 55(12) 58(12) <0.001
Body mass index (kg/m?) 222(3.2) 219(2.7) 223 (3.2) 0.12
HDL cholesterol (mmol/L) 1.6(0.4) 1.6(0.3) 1.6(0.3) 0.001
1,5-Anhydro-p-glucitol (pg/mL) 26.7(4.1) 18.0(2.0) 10.5(3.2) <0.001
Estimated GFR (mL/min/1.73 m?) 80.2(19.7) 81.2(16.8) 81.1(15.2) 0.71
Hypertension (%)* 33 26 31 0.06
Hypercholesterolemia (%) 39 37 38 0.80
Diabetes (%)° 1 1 12 <0.001
Current cigarette smoking (%) 11 8 8 0.42
Current alcohol drinking (non/light to 75/25/0 72271 72/28/0 0.31
moderate/heavy) (%)
Menopause (%) 76 63 71 <0.001
Hypertension medication (%) 14 12 17 017
Hypercholesterolemia medication (%) 7 7 5 046
Diabetes medication (%) 0 0 4 <0.001

Mean (standard deviations), or percentage is shown. GFR means glomerular filtration rate.
2 Hypertension is defined by systolic blood pressure >140 mm Hg, diastolic blood pressure >90 mm Hg or the use of antihypertensive medication.
b Hypercholesterolemia is defined by total cholesterol >5.7 mmol/L (220 mg/dL) or the use of antihypercholesterolemic medication.
¢ Diabetes is defined by fasting plasma glucose >7.0 mmol/L (126 mg/dL) in those with fasting time of 8 h or more, postprandial plasma glucose >11.1 mmol/L (200 mg/dL)

in those with fasting time of less than 8 h, or the use of antidiabetic medication.

tribution (minimum, 25th percentile, median, 75th percentile,
maximum) of serum 1,5-AG by sex was 1.2, 17.0, 23.1, 28.9,
and 55.3 pg/ml, respectively in men, and 1.7, 15.2, 19.8, 24.8,
and 41.5 pg/mL, respectively in women (data not shown). The
prevalence of diabetes and medication for diabetes at base-
line was highest in the category with the lowest serum 1,5-AG
(<14.0 pg/mL)in both sexes, and was much higher in men (Table 1).
Age and prevalence of hypertension increased as serum 1,5-AG
decreased in men only.

During the follow-up period (11.1 years average), 147 CVD
events (64 CHD and 83 strokes) were observed. The CHD included
14 percutaneous coronary angioplasty, 5 coronary artery bypass
grafting, 1 sudden death, 41 myocardial infarctions and 3 unclassi-
fied CHD. The strokes included 53 ischemic strokes, 14 hemorrhagic
strokes and 16 unclassified strokes. The incidence rates of all CVD
and each CVD subtype increased as 1,5-AG levels decreased inmen,
and the incidence rate of all CVD was 15.1 per 1000 person-yearsin
the lowest 1,5-AG category (Table 2). In model 2, there was a statis-
tically significant linear increase in the adjusted HRs of all CVD in
men (p=0.004), and the adjusted HR was 2.22 (95% CI 1.24-3.98)
in the lowest 1,5-AG category. In model 3, the adjusted HR of all

CVD in the lowest 1,5-AG category was less than model 2. How-

ever, the adjusted HR of the middle category (14.1-24.4 p.g/mL)
was not very different and the elevation of risk was still sig-
nificant, 1.74 (95% Cl 1.07-2.84). In men, similar results were
observed for each CVD subtype, although the HRs of CHD were
much lower than of all strokes and were not statistically significant.
In women, similai results were not observed, although, for CHD,
similar trends were observed (Table 3). In the combined analysis
of women and men for CHD, the HRs in model 2 increased linearly
with decrease in serum 1,5-AG levels (p=0.03), and the adjusted
HR in the lowest 1,5-AG category was 2.10 (95% Cl 1.10-4.02)
(Table 4).

A sensitivity analysis for non-diabetic men with FPG or PPG less
than 6.1 mmol/L (110 mg/dL) showed that the adjusted HRs for all
CVD in model 2 increased as 1,5-AG levels decreased (p=0.03), and
the adjusted HR was 2.00 (95% CI 0.88-4.55) in the lowest 1,5-AG
category (Table 5). Similar results were observed with all strokes
and ischemic strokes, but such a relationship was not clear in CHD.

In the sensitivity analyses, altering the definition of postpran-
dial, entering waist circumferences or adding triglycerides levels
to the models hardly alter the results. In addition, waist circumfer-
ences or triglycerides levels were not related with the risk for CVD
or each CVD subtype.
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Table 2
Incidence rates and adjusted hazard ratios for cardiovascular diseases by serum 1,5-anhydro-p-glucitol levels in men, the Suita study, Japan, 1994-2007.
1,5-Anhydro-p-glucitol (pg/mL) p for trend
>24.5 14.1-24.4 <14.0
Person-years 4727 4322 1455
All cardiovascular diseases
Cases, n 26 49 22
Incidence rates/1000 person-years 5.5 1.3 15.1
Model 12 1 1.76 (1.09-2.86) 2.29(1.29-4.07) 0.003
Mode] 22 1 1.79(1.10-2.91) 2.22(1.24-3.98) 0.004
Model 32 1 1.74(1.07-2.84) 1.72(0.89-3.34) 0.049
Coronary heart disease
Cases, n 16 19 10
Incidence rates/1000 person-years 34 44 6.9
Model 12 1 1.21(0.61-2.38) 1.81(0.81-4.05) 0.17
Model 22 1 1.14(0.57-2.25) 1.59(0.70-3.59) 0.29
Model 32 1 © 1.13(0.57-2.24) 1.47(0.59-3.68) 0.44
All strokes
Cases, n 10 30 12
Incidence rates/1000 person-years 2:1 69 8.2
Model 13 1 2,56 (1.25-5.25) 3.02(1.31-7.01) 0.006
Model 22 1 2.64(1.28-5.45) ©3.32(1.41-7.79) 0.003
Model 32 1 253(1.23-5.23) 2.29(0.87-6.01) 0.04
Ischemic strokes
Cases, n 8 20 9
Incidence rates/1000 person-years 1.7 46 6.2
Model 12 1 2.16 (0.95-4.92) 2.84(1.09-7.37) 0.02
Model 22 1 2.15(0.94-4.93) 2.86(1.09-7.49) 0.03
Model 32 1 2.10(0.92-4.82) 2.28(0.78-6.67) 0.09

Parentheses indicate 95% confidence intervals.

2 Model 1: adjusted for age, model 2: adjusted for model 1 plus body mass index, hypertension, hypercholesterolemia, HDL cholesterol, estimated glomerular filtration
rate, current cigarette smoking, current alcohol drinking, model 3: adjusted for model 2 plus diabetes.

4. Discussion i [15-17] or postload glucose levels in OGTT [4,5]. More subjects with
overt diabetes were included in the category with serum 1,5-AG

This is the first report of a prospective cohort study showing that levels of 14.0 pg/mL or less, which would lead to the greatest risk.
serum 1,5-AG levels predict CVD incidence in men, similar to HbA;. Those with serum 1,5-AG levels of 14.1 to 24.4 p.g/mL, whose preva-

Table 3
Incidence rates and adjusted hazard ratios for cardiovascular diseases by serum 1,5-anhydro-p-glucitol levels in women, the Suita study, Japan, 1994-2007.
1,5-Anhydro-p-glucitol (pug/mL) p for trend
>213 14.1-21.2 <140

Person-years 5077 5293 2424

All cardiovascular diseases

Cases, n 22 15 13

Incidence rates/1000 person-years 43 2.8 5.4
Model 12 1 0.83 (0.43-1.60) 1.23 (0.62-2.44) 0.68
Model 22 1 0.92 (0.47-1.79) 1.30(0.65-2.60) 0.54
Model 32 1 0.91 (0.47-1.77) 1.04 (0.48-2.22) 0.99

Coronary heart disease

Cases,n 7 5 7

Incidence rates/1000 person-years 14 09 29
Model 12 1 0.82 (0.26-2.60) 2.09 (0.73-5.96) 0.21
Model 22 1 0.89 (0.28-2.83) 233(0.81-6.71) 0.15
Model 32 1 0.87 (0.27-2.76) 1.74 (0.54-5.56) 042

All strokes

Cases,n 15 10 6

Incidence rates/1000 person-years 3.0 19 2.5
Model 12 1 0.83 (0.37-1.86) 0.83(0.32-2.14) 0.65
Model 22 1 0.93 (0.41-2.09) 0.88 (0.34-2.27) 0.77
Model 32 1 0.92 (0.41-2.08) 0.75(0.26-2.12) 0.59

Ischemic strokes ’

Cases, n 6 7 3

Incidence rates/1000 person-years 1.2 13 12 .
Model 12 1 1.48 (0.50-4.41) 1.03(0.26-4.12) 0.84
Model 22 1 2.01(0.66-6.11) 1.20(0.29-4.89) 0.60
Model 32 1 1.99 (0.66-6.06) 1.01(0.22-4.71) 0.71

Parentheses indicate 95% confidence intervals.

2 Model 1: adjusted for age, model 2: adjusted for model 1 plus body mass index, hypertension, hypercholesterolemia, HDL-cholesterol, estimated glomerular filtration
rate, current cigarette smoking, current alcohol drinking, menopause, model 3: adjusted for model 2 plus diabetes.
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Table 4
Incidence rates and adjusted hazard ratios for coronary heart disease and ischemic strokes by serum 1,5-anhydro-p-glucitol levels in men and women, the Suita study, Japan,

1994-2007.

1,5-Anhydro-p-glucitol (pg/mL) p for trend
2231 14.1-23.0 <14.0

Number of subjects 854 865 376

Person-years 9606 9814 3878

Coronary heart diseases

Cases, n 22 25 17

Incidence rates/1000 person-years 23 25 44
Model 12 1 1.36 (0.76-2.44) 2,17 (1.14-4.13) 0.02
Model 22 1 1.41(0.78-2.52) 2.10(1.10-4.02) 0.03
Model 32 1 1.37(0.76-2.46) 1.76 (0.85-3.63) 0.12

Ischemic strokes

Cases, n 19 22 12

Incidence rates/1000 person-years 20 22 31
Model 12 1 1.25(0.67-2.31) 1.58 (0.76-3.27) 0.22
Model 22 1 1.24(0.67-2.31) 1.56 (0.75-3.24) 0.23
Model 32 1 1.21(0.65-2.25) 1.23(0.54-2.82) 0.56

Parentheses indicate 95% confidence intervals.

2 Model 1: adjusted for age, sex, model 2: adjusted for model 1 plus body mass index, hypertension, hypercholesterolemia, HDL cholesterol, estimated glomerular filtration
rate, current cigarette smoking, and current alcohol drinking.

lence of diabetes or anti-diabetic medication was clearly lower than
those with 14.0 pg/mL or less, also had significantly elevated risks.
This suggested the possibility that many subjects without overt
diabetes who had postprandial hyperglycemia with excretion of
glucose in the urine were included in this middle category. Mea-
surement of serum 1,5-AG levels can be useful to detect individuals
at greater risk for CVD even among those without overt diabetes. In
fact, the sensitivity analyses in non-diabetic subjects with almost
normal plasma glucose levels also showed similar results, which
reinforced these findings.

In men, the relationship between serum 1,5-AG levels and stroke
was much clearer than that with CHD. The prevalence of hyper-
tension increased with decrease in serum 1,5-AG levels, but the
prevalence of hypercholesterolemia did not change, irrespective

between serum 1,5-AG levels and risk factors for CVD may account
for the difference observed between risk of stroke and that of CHD.

In women, no significant relationship was observed between
serum 1,5-AG levels and the risk for all CVD or each CVD subtype,
although a similar increase in the risk for CHD was found. Previ-
ous meta-analyses have shown either that women with diabetes
have a higher risk for CHD than men with diabetes [18,19], or that
there was no sex difference [20]. The DECODE study also showed
that the HR of death from CVD in individuals with 2-h glucose lev-
els of 11.1 mmol/L or greater tended to be higher among women
than among men [5]. The present results show an opposite sex dif-
ference, and the reason is not clear. However, the prevalence of
diabetes at baseline was much lower in women than in men, and
the incidence rate of all CVD and each CVD subtype was also rela-

of serum 1,5-AG levels. Such discrepancies in the relationships tively lower in women. Such discrepancies in basic characteristics
Table 5

Sensitivity analyses of incidence rates and adjusted hazard ratios for cardiovascular diseases by serum 1,5-anhydro-p-glucitol levels in non-diabetic men with fasting or
postprandial plasma glucose levels of less than 6.1 mmol/L, the Suita study, Japan, 1994-2007.

1,5-Anhydro-p-glucitol (pg/mL) p for trend
>24.5 14.1-24.4 <14.0
Number of subjects 388 349 77
Person-years 4326 3636 703
All cardiovascular diseases
Cases, n 22 40 8
Incidence rates/1000 person-years 5.1 11.0 114
Model 12 1 1.75(1.04-2.96) 1.65 (0.73-3.72) 0.07
Model 22 1 1.76 (1.04-2.98) 2.00 (0.88-4.55) 0.03
Coronary heart diseases
Cases, n 14 17 2
Incidence rates/1000 person-years 32 4.7 28
Model 12 1 1.26 (0.62-2.57) 0.71(0.16-3.15) 0.96
Model 2* 1 1.18(0.57-2.43) 0.86(0.19-3.86) 0.89
All strokes
Cases, nn 8 23 6
Incidence rates/1000 person-years 1.8 6.3 85
Model 12 1 2.58(1.15-5.79) 3.11(1.07-9.00) 0.01
Model 22 1 2.51(1.11-5.66) 3.68(1.26-10.75) 0.01
Ischemic strokes
Cases, n 7 15 5
Incidence rates/1000 person-years 1.6 4.1 7.1
Model 12 1.97 (0.80-4.85) 3.05 (0.96-9.69) 0.045
Model 22 1 1.92(0.77-4.75) 3.45(1.08-11.05) 0.03

Parentheses indicate 95% confidence intervals.

3 Model 1: adjusted for age, model 2: adjusted for model 1 plus body mass index, hypertension, hypercholesterolemia, HDL cholesterol, estimated glomerular filtration
rate, current cigarette smoking, and current alcohol drinking.
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between men and women might result in the sex difference. In
addition, the involvement of selection bias cannot be completely
eliminated in women. Further studies with sufficient samples and
CVD events in women are necessary to clarify this problem.

Measurement of serum 1,5-AG levels could detect not only
those with persistent hyperglycemia but also those with tran-
sient postprandial hyperglycemia who are likely to be at higher
risk for development of diabetes in the near future. Accord-
ingly, decrease in serum 1,5-AG levels might be related with the
elevated risk of CVD. The previous epidemiological studies also
reported the association of postprandial hyperglycemia with risk
of CVD [4-6], and the present results are not inconsistent with
them. However, the mechanism remains still inconclusive, and
two hypotheses could be considered. First, hyperglycemia itself is
a risk for atherosclerotic diseases. Second, hyperglycemia is just
a reflection of insulin resistance which is closely related to risk
factors for atherosclerotic diseases. In thé present study, adjust-
ments for insulin resistance-related factors, waist circumferences
or triglycerides, hardly changed the results. This indirectly suggests
that serum 1,5-AG levels are independently related with a risk for
CVD from insulin resistance, and we infer that hyperglycemia itself
might be a risk.

OGTT cannot be conducted easily in the routine clinical setting
or during health check-ups because it requires overnight fasting
in blood sampling, longer time and extra costs. Conversely, mea-
surement of serum 1,5-AG can be performed easily with a single
non-fasting blood sample and is relatively low cost. Serum 1,5-AG
levels do not fluctuate very much within an individual if glucose is
not excreted into urine; however, it varies widely among individ-
uals [1-3,13,21,22]. Accordingly, periodic measurement of serum
1,5-AG might be important for the early detection of a decrease
from the normal level in each individual.

It is also well known that hemoglobin A;. (HbA;.) is useful for
the diagnosis of diabetes or as a marker of glycemic control, and
elevated HbA;. is associated with increased risk for macro- and
micro-complications [15-17,23). HbA;. can also be measured in
a single non-fasting blood sample. However, red cell turnover and
hemoglobinopathies influence HbA levels, and this has been often
identified as a problem [23,24]. In contrast, serum 1,5-AG levels are
not affected by red cell turnover and hemoglobinopathies. In terms
of screening higher risk individuals among the general population,
a combination of HbA;. and serum 1,5-AG measurements might be
better choice.

The present analysis had several limitations. First, some aspects
of medical history were unknown, including gastric resection,
hyperthyroidism and renal glycosuria, which can lower 1,5-AG lev-
els. Second, the present dataset did not include measurement of
HbA levels or OGTT; therefore, comparison of HbA;. or OGTT with
serum 1,5-AG was not possible. Third, a single serum 1,5-AG mea-
surement at baseline may have lead to an underestimation of the
association between serum 1,5-AG levels and CVD due to regression
dilution bias [25].

In conclusion, the present analyses suggest that in men mea-
surement of serum 1,5-AG was useful to detect individuals at
increased risk for CVD, regardless of the presence or absence of
diabetes. Measurement of serum 1,5-AG levels might be a useful
tool for screening in the clinical setting or during health check-
ups. However, this is the first report with a limited population
of Japanese, and these findings should be further investigated by
studies with sufficient samples and CVD events among various
populations, races and geographical areas.
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Table 1. Multivariable adjusted mean values (95% confidence intervals) of gap of waist circumference

between navel and midpoint T, Yao, 2010

Number at risk  Mean (95% CT) P brizend

Gender

Male 701 1.2(0.0-2.4)

Female 1261 60(4872) <0.001
Age

30-39 years 124 2.9(1.64.3)

40-49 years 228 3.1(1.8-43)

50-59 years 300 35(234.7)

60-69 years 757 412952

70-79 years 487 39(2.7-5.1)

80-89 years 66 42(2.8-5.6) <0.001
Waist circumference

58-74cm 410 29(1.64.1)

75-79 cm 319 35(234.7)

80-84 cm 469 38(2650)

85-89 cm 372 38(2.65.0)

90-112 cm 392 41 (2_9_5_3)" <0.001
Smoking status

Never-smokers 1227 3.5(2.54.5)

Former-smokers 453 31(2.1-4.1)

Current-smokers 280 33(Q2.243) 0.47
Drinking status

Never-drinkers 1048 37@22-52)

Former-drinkers 134 3.0(1.44.5)

Current-drinkers 775 34(1.94.9) 0.07

" The gap of waist circumferences are calculated by the values measured at navel

substracting the values measured at the level midway between the lowest rib and the iliac crest.

¥ P values are from multiple analysis of variance (MANOVA)

’ p<0.05 are from MANQVA by using the first categories as reference for each variables
“p<0.001 are fromMANOVA by using the first categories as reference for each variables
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Table 2. Multivariable adjusted mean vahues (95% confiderce intervals) of cardiovascular risk factors according to quintles of gap of waist mmnfmuce', Yao, 2010

Quintiles of gap of waist circumference

Ql Q Q@ Q Qs P et
Female
Range (10,2) B4 15.6) 7.9 [10,2]
Median, cm 2 4 5 8 12
Number of subjects m 286 87 250 25
Systolic blood pressure, mmHg 457417 12040431285)  122(1514294) 1196 (1241267 1206 (LAS-IBT) 0.004
Diastofi blood pressire, mmig 749 (703-79.6) UIEIBY)  MIOTND  MeEs2TS BAGBSRB) 010
Serum trglycerides, mg/dL 1478581437 10B9(8021375)  1060(T73-1347)  1056(6.7-1344) 996 (71.0-1282) 009
Serum high-density Epoprotein, mg/dL. 69.1{61.2-77.0) 0.1(62.3779) 69.7(61.9-77.5) 0.8 (62.9-78.6)} 72.7 (64, 9.30_5)' 0.14
Seruts tota] cholesterol, mg/dl. ULB41-105) 2300165206  222(19462298) M4 (1972:825)  219(194.42294) 085
Serum low-density lpoprotein, mg/dL 23(0S11374)  LLT(OSI3TT)  127(10571378)  128(1067-1389) 18,0 (102.0-1340) 0.56
Hemoglobin Alc (%) 52{49:55) 52(49-55) 51(4854) 514854 5.1(4854) 0
Male
Medtan (cm) -l 1 1 2 4
Range (5,1 [0,0) 1 21 3,17
Number of subjects 145 1 154 106 b7]
Systolc blood peessure, mmHg 106(1129183)  1204Q11304279) 1187 (1111-1264)  LI87(109-1265)  118.6(110.8-1263) 062
Diastolc blood pressure, mmHg 76.7(71.7-81.6) 7.7 (10.679.5) 746 (69.7-19.5) B0 48(6987.7) 029
Serum triglycerides, mg/iL I73(11602187)  1564(10702058)  142(1033051)  199(10792118) 1400 (8B.6-1917) 025
Serum high-density poprotein, mg/dL 51.2(43358.7) S29(458601)  sS1(78625) 368618  534(460609) 019
Serum total cholesteral, mg/iL WLI($SA8T)  W26(1857-296)  2M2(I86821T)  193(1815272)  29(1853-2206) 081
Serum low-density Spoprotein, my/dL 5410931415} 1271(1161426)  154(1094-1413)  12.5(1062-1388)  188(1127-1450) 059
Hemoglobin Alc %) 53(49:57) 52(48:5.6) 51{48-5.5) 53(49-56) 52(485.5) 037

" The gap of waist crcumferences are cakulated by the vahies measured at navel substracting those at the level midway between the lowest rib and the Bac crest.

¥ P vahues ate from multiple analysis of variance (MANOVA), adjusted for age, waist circumference measured at the level of nave), smoking status and drinking status.
' p<0.05 are from MANOVA by usig the first categories as reference for each variables

“p<0.001 are from MANOVA by using the first categories as reference for each variables

Table 3. Partia] regression coefficients (£) (95% confidence intervak 95% C1) for the values of waist circumference by multiple liner regression analysis with
cardiovascular risk factors as dependent variable with adustment for age, smoking status and drinking status

Waist circumference measwred at the at the level midway between

Waist creumference measured at the level of navel

the lowest rib and the liac crest

8 65%Cl) ? R B 5% CD ? Y
Female
Systolic blood pressure 0.37(0.27,0.48) <0.001 03 0.39(0.28,0.50) <0.001 0.3
Diastotic blood pressure 0.17 (0.11,0.24) <0.001 0.05 0.18 (0.12,0.25) <0.001 0.05
Serurn triglycerides 1.88(1.53,2.23) <Q.001 012 1.96(1.61,2.31) <0001 0.13
Senum total cholesterol -0.06 (-0.28,0.17) 0.62 003 010¢033,012) 0.36 0.03
Serum high-density Gpoproten ~ -0.63 (0.73,-0.53) <0.001 0.15 0.64 (.73, -0.54) <0.001 0.15
Serum low-densty lipoprotein 0.41(0.21,061) <0.001 04 0.38{0.17,0.58) <0.001 0.04
Hemoglobm Alc 0.02(0.01,0.02) <0.001 0.11 0.02(0.01,0.02) <0.001 012
Male
Systolic blood pressure 0.24(0.07,041) 0.006 011 0.25(0.09,0.40) 0.002 041
Distoli lood pressure 0.24(0.14,034) QM 004 0.4(0.15,033) QM 04
Serum trighycerides 267(1.76,3.59) Q01 0.08 265 (180,3.50) QM1 0.9
Serum total cholesterol 0.05 (,0.26,0.36) 0.75 0.01 0.07(,022,0.36) 0.64 0.01
Serum high-density lpoprotens .64 (0.78,-0.51) .01 017 0.60 (072,-047) Q.0 017
Serum low-densty ipoprotein 0.46(0.18,0.74) 0.002 0.04 0.42 (0.16,0.69) 0.002 0.4
HemoghbinAlc 0.01 (0.00,0.02) 0.007 0.04 0.01 (0.00,0.02) 0.004 0.4
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Table 4. Multivariable adjusted mean vahies (95% confidence imtervals) of cardiovascular risk factors accordng to quinties of waist circumference, Yao, 2010

Quities of waist crcumference measured at the level of navel

t

q Q o o ® P ot
Female
Range 04 57 1034 549 Wi
Medan,om 0 7 B 0 %
Manberof suets 3 4 » 00 28
Sysolc oodressue, matly DLADY  DASOIEING  IDIIHHNY  40NSIRY  BLIORADBE <ol
Distol: blod presure, g NAESTI4 MBI 10(00800) %I04 nomeny 4l
Seru tilyoeres, gl WIEMNY  W2002B0)  BOCAMBLY  DNAGIMES  IS2MEN) Al
Serunligh-dnsiy oo mgd. D6(TLA814) 7S 65,6414 81(61370) §14(595753) @aGeR) <
Serun ol hoeteo mgdL AT AIOKOBLY  IBEM%OBIY  IOMBIME  NLOONSMY 08
Smv<estyopoci, o IB4OTSIRG  I9SOBASS  BINMMD DIK6LIRG  A20RIML) <00
Hemogobin Alc (%) S047s3) 500753 514854 524959) $3(056) )
Male
Range st %% w4 549 w1
Median, cm 7 n £2 87 93
Manberofstecs 8 % e ) 4
Sysolcbiood pressue, nmflg U7000003)  DAIGMSIBY  IBIQASING  DAQIZINY  ISI08SS) 00
Disso:Soodpressare,mndlg B6(E81792) 15803414 B209815) %1 (08814 RIMEH) 00
Seruntigheeries, L AGTIMIES 600NN WLIGILSALY  ISIQISSAS)  BRAKON6Y A
Smbighdensty popoeimgl. S40(S63T16) 26647 Q5@ 9504568 101954 Al
Serum ol colestero, g/l MY SIQEIBY  SIBKBYH WIS MK 0
Smbwdosiybopren i, DLAGOSMYY  BE(OTEN)  IB4GRMBY  DISUISEMEY  B0QS2MTY ool
Hemogitin Alc (%) $0(4654) $214854) 5204856) $3(4957) 534957 o

P vahies are from muliple analysis of variance (MANOVA), adjusted for age, waist crcumference measured at the level of navel, smoking status and drinking status.

Table 5. Mulivariable adusted mean values (95% confidence mtervaks) of cardiovascular risk factors according to-quiniles of waist circumference, Yao, 2010

Quintes of waist ciroumference measwred at the at the level midway between the lowest rib and the fac crest

f

Q Q ® W ® P
Female
Range 542 58 B9 549 110
Medan,cm @ n 8l 8 %
Nuberofsecs 6 0 1% 11l %
Sysol blood pressue, g DBIQHART  I0BS6)  INAQNSIRY  S(LIRY  SO(SMM))
Dinsoe bord pressure, g BOERLTIY) B3(03403) BIOLIBLY T68(714819) BIDAKY <l
Seruntrighverides, g ROEISITY  ISMSERY  H®MAY U@ IR4020R9 <o
Seumbighdnsiy pouci, ngl. T68(60.1:846) 85 (007764 (588747 535747 IATY Al
Serum ot chokstero, gl MGOBIWY  UGSIWIAY  AB2NSWIY)  NOI(NEZRN  IBA(HIBY 01
Smiowdentylpopoenmgd.  ISS00LBLY 62(I0MOY)  MI(MLDES)  ANQUEAY  DSI00E) Ol
Hemoghtin Ale (%) $0(4753) 5148854 520855) $36056) $6(53:60) <l
Male
Range 552 5 e 59 i1
Medan,cm 2 % 0 0 %
Nuer of et 10 ) 8 18 158
S boodpesswe, iy O0(IOGISS)  (BA0MBIRY  MIIRABLY  MIQBLB  DEI(EDSH o
Dissoc bod presure, g BCY 753 (89408) 1 (08819) HOLSAL) REMBIKY
Serun tighperes gL W2ESTIRT 2008 20057066 1929994 WES(NIDY) il
Smbighéemsty popotenngldl, 622(547407) 45410620) B3(H1455]) 06 (B4579) 52008829 <l
Serum ot chokserl gl WAOSI295  WIRIALY  OUWIUGY  NSIEIDE  DSMIMY 0B
Snmowdnsiylpopoenmgl  S(044N66  IBI(MEINN  IEIQO3AY  0IQMMEY  BLUSSN) 00
Hemoglbia Ale (%) 51(4754) 534957) 5214856) $2(4956) S45058) o

' P vahies ae from mukipk analysis of variance (MANOVA), adjusted for age, waist circumference measured at the Jlevel of navel, smoking status and drinking status.
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Methylglyoxal Is a Predictor in Type 2 Diabetic Patients of
Intima-Media Thickening and Elevation of Blood Pressure

Susumu Ogawa, Keisuke Nakayama, Masaaki Nakayama, Takefumi Mori, Masato Matsushima,
Masashi Okamura, Miho Senda, Kazuhiro Nako, Toshio Miyata, Sadayqshi Ito

Abstract—We test whether plasma level of methylglyoxal (MG) is an independent risk factor predicting the progression
of diabetic macroangiopathy or microangiopathy in type 2 diabetic patients. We measured in 50 type 2 diabetic patients
plasma levels of MG and 3-deoxyglucosone (DG) using an electrospray ionization-liquid chromatography-mass
spectrometry. We assessed the correlations between baseline levels of MG or DG and the percentage changes after 5
years of clinical parameters linked to diabetic macroangiopathy or microangiopathy, that is, intima-media thickness
(IMT), systolic blood pressure (SBP), the amount of urinary albumin excretion (ACR), pulse wave velocity (PWV), and
estimated glomerular filtration rate (eGFR). Multiple regression analysis was performed using the percentage changes
in IMT, SBP, ACR, PWYV, and eGFR over the 5-year period as the independent or objective variables and the values
of MG, DG, glycohemoglobin Alc, body mass index, triglyceride, and diabetic duration at the baseline as the dependent
variables. The values of IMT, PWV, SBP, and ACR all increase, but eGFR reduces with time during the 5-year period.
Baseline level of MG correlates significantly with the percentage changes of IMT, SBP, ACR, PWYV, and eGFR,
whereas that of DG does only with ACR. A multiple regression analysis reveals that MG is an independent risk factor
for the percentage changes of IMT, PWV, and SBP but not for those of ACR and eGFR. DG is an independent risk factor
for the percentage change of ACR. MG is a predictor in type 2 diabetic patients of intima-media thickening, of increase
of PWV, and of elevation of SBP. (Hypertension. 2010;56:471-476.)

Key Words: methylglyoxal @ 3-deoxyglucosone m diabetic macroangiopathy @ hypertension
= intima-media thickness m pulse wave velocity

nder hyperglycemia and/or oxidative stress in diabetes
mellitus, a variety of toxic a-oxoaldehydes are pro-
duced, and these in turn react with protein amino groups,
eventually leading to formation of advanced glycation end
products (AGEs).-3 These a-oxoaldehydes also interfere
with various cellular functions, independent of their effect on
AGE modification of proteins, and influence the intracellular
signaling by multiple pathways.!-3
Among toxic a-oxoaldehydes, the present studies were
focused on methylglyoxal (MG), because the in vitro studies
and animal experiments in experimental diabetic models by
us and others have suggested that MG is pathologically
involved in the progression of both macroangiopathy and
microangiopathy: MG plays a major role in vascular damage

Elevated blood concentrations of MG have been reported
in type 2 diabetics,5!2 and it has been reported that plasma-
free MG-derived hydroimidazolone was higher in the type 1
diabetics as compared with the nondiabetics.!* An 18-year
follow-up study showed that high baseline serum levels of the
MG-derived hydroimidazolone type of AGE-modified pro-
teins were associated with cardiovascular disease mortality in
nondiabetic women.'4

Interestingly, postprandial hyperglycemia, a factor contrib-
uting to the development of macroangiopathy, dramatically
increases the intracellular accumulation of MG.!5.16 Further-
more, biguanide, an agent that effectively suppresses mac-
roangiopathy independent of its blood glucose-lowering ef-

to endothelial cells and in the development of hypertension,
of insulin resistance, and of nephropathy.’-!0

The primary biosynthetic pathway of MG in diabetic
patients remains elusive, but MG is known to be produced
from a variety of sources. That is, MG can ‘be produced not
only from glucose but also from a variety of substances and
is not necessarily produced from hyperglycemia only.!->!

fect, significantly lowers the production of MG.!7-19

Taken together, these findings strongly suggest the contri-
bution of MG to diabetic angiopathy, especially macroangi-
opathy. Unfortunately, there have been no studies examining
whether elevated plasma MG levels are an independent risk
factor predicting the progression of diabetic macroangiopathy
or microangiopathy.
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