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detected by MDCT, seven patients had neither positive ischemic
change in rest ECG nor symptoms of IHD. For diagnosis of
CAD, exercise ECG is the most commonly applied non-invasive
test. However, Dewey et al. reported that both sensitivity and
specificity of MDCT were significantly higher than those of
exerciseECG®. It was also reported that exercise ECG had a cer-
tain risk, the most relevant being myocardial infarction or death
which have been confirmed in multiple surveys to occur in
approximately 10/10 000 tests”. Taken together, it is suggested
that the MDCT is effective for the screening of CAD, especially
silent myocardial ischemia.

It was reported that the incidences of coronary heart dis-
ease (CHD), per 1000 patients per year, among Japanese dia-
betes patients were 9.8 in men and 55 in women,” although
that of CHD among Caucasian diabetes patients was 17.4°%.
The prevalence of CAD in type 2 diabetes in the Caucasian
population has been reported to be 30-40%*'. In the present
study, even the incidence of CHD in Japanese type 2 diabetes
patients was much lower than that of Caucasian patients,
as 19/52 patients (36.5%) had coronary artery stenosis
detected by MDCT. Therefore, it is thought that MDCT
might detect more CAD in type 2 diabetes patients in the
Caucasian population.

Another important finding of the present study is the assess-
ment of the predictors of MDCT detecting stenosis in diabetes
patients. In the guidelines for early detection of CHD in asymp-
tomatic patients with diabetes from the American Diabetes
Association (ADA), the presence of multiple cardiovascular risk
factors including LDL-cholesterol, HDL-cholesterol, blood pres-
sure, micro-/macroalbuminuria is mentioned”. In the analysis of
risk factors that contribute to CHD risk in diabetic patients
in the United Kingdom Prospective Diabetes Study, LDL-
cholesterol, HDL-cholesterol, blood pressure and HbAlc were
reported to be important’>*, However, in the present study,
significant differences were not detected in blood pressure,
LDL-cholesterol, HDL-cholesterol, triglyceride, blood glucose,
HbAlc, microalbuminuria, ABI or PWV between the MDCT
detected stenosis and MDCT detecting no stenosis groups. The
reason why there is no significant difference in these markers
between MDCT detecting stenosis and MDCT detecting no ste-
nosis groups might be a result of the limited number of subjects
in our study group. With regard to blood pressure, it was also
possible that aggressive blood pressure control using calcium
channel blockers, angiotensin II receptor inhibitors, etc. in both
MDCT detecting stenosis and MDCT detecting no stenosis
groups led to no significant difference. We could not find a sig-
nificant correlation between oral agents for hypertension and
MDCT detecting stenosis. In addition, there was no significant
difference in the presence/absence of diabetic retinopathy
between the MDCT detecting stenosis and MDCT detecting
no stenosis groups (data not shown). In contrast, significant dif-
ferences were detected in mean IMT and duration of diabetes
between MDCT detecting stenosis and MDCT no stenosis
groups in the present study. The data of multiple logistic regres-

sion analysis indicated that the predictors of MDCT detecting
stenosis were mean IMT, treatment with statin and duration of
diabetes. This multiple regression analysis showed that the
administration of statin is a predictor of MDCT detecting steno-
sis although the LDL-cholesterol is not. These results indicate
that the subjects with diabetes and dyslipidemia, who were given
statin and had relatively lower LDL-cholesterol levels, still were
at risk of having coronary artery stenosis. Furthermore, to deter-
mine the threshold value of the duration of diabetes and mean
IMT at the carotid artery for the prediction of MDCT detecting
stenosis, two-tailed y>-test was used for each variable and the
odds ratios were calculated by cross-tabulation, with a 95% CIL
More than 20 years of duration of diabetes significantly corre-
lated with the detection of stenosis of coronary arteries by
MDCT (odds ratio 6.222 [95% CI 1.679-23.064, P = 0.011],
sensitivity 0.474, specificity 0.805), and more than 1.1 mm
of mean IMT in carotid arteries significantly correlated with
MDCT detecting stenosis (odds ratio 4.600 [95% CI 1.207-
17.525, P =0047], sensitivity 0.500, specificity —0.833).
Recently, the American Heart Association reported that routine
surveillance with MDCT in asymptomatic patients at low risk
for IHD was not recommended™. The results of this study
indicated that the type 2 diabetic patients with longer duration
of diabetes or increased thickness of mean IMT in carotid
arteries have a high risk of IHD. Thus, it is recommended
that diabetic patients with more than 1.1 mm mean IMT in the
carotid arteries and/or more than 20 years duration of diabetes
should receive MDCT for screening of CAD even though they
are in good control of blood pressure and lipid metabolism.

Several limitations of the present study should be mentioned.
In the present study, 52 patients were included, and examina-
tions were carried out at a single time-point and were not
repeated over time. Prospective studies with larger patient
cohorts are required.

In summary, it was shown that MDCT detects coronary artery
stenosis in diabetic patients without symptoms of IHD or ECG
abnormality. From the data of the present study, the predictors
of CAD in Japanese type 2 diabetes patients were mean IMT and
duration of diabetes. Thus, MDCT is a non-invasive, effective
method to detect or rule out CAD, especially silent myocardial
ischemia in patients with diabetes, and it is recommended that
patients with more than 1.1 mm mean IMT at the carotid artery
and/or more than 20 years duration of diabetes should be
screened for CAD.
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SHORT REPORT

Optimal cut-off point of waist circumference for
the diagnosis of metabolic syndrome in Japanese

subjects

Daisuke Ogawa'?*, Keniji Kahara®, Terunobu Shigematsu?, Soichiro Fujii’, Nobuhiko Hayakawa?, Morihiro Okazaki’,

Hirofumi Makino'

ABSTRACT

Metabolic syndrome (MetS) has been redefined by a new criterion in Japan, in which waist circumference cut-off points, that is

85 cm for men and 90 cm for women, are used; however, objections are rising against this criterion. The present study examined
the criterion for waist circumference to predict the accumulation of the components of MetS. In the present study, we used data for
5972 Japanese people who received annual health examinations, and 621 men (16.3%) and 51 women (24%) were diagnosed as
having MetS. A cut-off point as a predictor for two or more components of MetS was evaluated by the sensitivity/specificity and a
receiver operating characteristic analysis. The optimal point of waist circumference was estimated as being approximately 84 cm for
men and 80 cm for women. We therefore recommend revising the cut-off value for the criterion of MetS in women according to
our results and studies from other investigators. (J Diabetes Invest, doi: 10.1111/j.2040-1124.2010.00020.x, 2010)

KEY WORDS: Metabolic syndrome, Waist circumference, Cut-off point

INTRODUCTION

Metabolic syndrome (MetS), which is defined by multiple risk
factors, including central obesity, high blood pressure, dyslipide-
mia, and high fasting blood glucose; and persons with MetS
have an elevated risk of developing cardiovascular disease
(CVD), which is correlated with all-cause mortality'. Because
the morbidity and mortality of CVD is rapidly increasing world-
wide?, establishing appropriate screening for MetS is essential to
prevent the initiation and progression of CVD.

To date, internationally recognized definitions of MetS have
been released, namely the criteria of the World Health Organi-
zation (WHO)?, the National Cholesterol Education Program’s
Adult Treatment Panel III (NCEP-ATP III)% and the Interna-
tional Diabetes Federation (IDF)°. In Japan, a criterion for MetS
has been defined as the presence of central obesity (85 cm
for men and 90 cm for women) plus any two of the following
three factors; (i) dyslipidemia; (i) high blood pressure; and
(iii) impaired fasting glucose’. In contrast, the IDF recom-
mended cut-off levels of 90 cm for men and 80 cm for women
for central obesity in Asian individuals®. There has been contro-
versy as to which of these cut-off points of waist circumference
is better for diagnosing central obesity in Japanese men and
women. The aim of the present article is to re-evaluate the waist
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circumference for detecting the risk factor accumulation of MetS
in Japanese subjects.

SUBJECTS AND METHODS

The total number of participants in the present study was 5972
(3811 men and 2161 women), aged 20-79 years, who received
annual health examinations at Okayama Red Cross General
Hospital with informed consent. We measured waist circumfer-
ence at the umbilical level. MetS was defined among men and
women as waist circumferences in excess of 85 cm and 90 cm®,
respectively, in addition to having two or more of the following
components: (i) dyslipidemia: triglycerides > 150 mg/dL and/or
HDL cholesterol <40 mg/dL; (ii) high blood pressure: blood
pressure > 130/85 mmHg; and (iii) impaired fasting glucose:
fasting plasma glucose > 110 mg/dL®. If an individual was
receiving drug therapy for hypertriglyceridemia, low HDL cho-
lesterol, high blood pressure or diabetes mellitus, each item was
recorded as a positive finding regardless of the data. To identify
the optimal cut-off point of waist circumference as a predictor
of the presence of at least two components comprising the
MetS, we carried out receiver operating characteristic (ROC)
analysis. The statistical software spss for Windows (version 8.0;
SPSS, Chicago, IL, USA) was used for the analysis.

RESULTS

The mean age of the study subjects was 49.9 + 10.1 years for
men and 48.6 + 9.4 years for women. Among the 5972 Japanese
subjects, 1744 men (45.8%) had a waist circumference in excess
of 85 cm and 216 women (10.0%) had a waist circumference
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Figure 1 | Receiver operating characteristic (ROC) curve of waist
circumference for detecting two or more risk factors of the metabolic
syndrome in (@) men and (b) women. O, Cut-off waist circumference
yielding the maximal sensitivity plus specificity for predicting the
presence of multiple risk factors.

exceeding 90 cm. In addition, the prevalence of MetS according
to the Japanese diagnostic criteria was 621 (16.3%) for men and
51 (2.4%) for women.

We investigated the sensitivity and specificity of waist cir-
cumference in predicting the association with two or more
metabolic risk factors; that is dyslipidemia, high blood pressure
and impaired fasting glucose. In men, the sensitivity and speci-
ficity of the waist circumference criterion, that is 85 cm, were
64.2% and 60.2%, respectively. However, in women, the sensi-
tivity and specificity of waist circumference criterion, that is
90 cm, were found to be 29.3% and 91.5%, respectively. A
cut-off point as a predictor for two or more components of
MetS was evaluated by sensitivity/specificity curves, as well as
a ROC curve. The optimal point yielding the maximal sensi-
tivity plus specificity for predicting two or more risk factors
was estimated to be approximately 84 cm (sensitivity: 66.3%,
specificity: 59.4%) of waist circumference for men and 80 cm
(sensitivity: 69.0%, specificity: 65.4%) for women (Figure 1).
Based on these findings, 1966 men (51.6%) and 718 women
(332%) had a waist circumference exceeding 84 cm and
80 cm, respectively. In addition, 675 men (17.7%) and 119
women (5.5%) were diagnosed as having MetS by using

84 cm for men and 80 cm for women as the waist circumfer-
ence criterion.

DISCUSSION

The IDF has used a waist circumference cut-off value of 90 cm
for men and 80 cm for women as its diagnostic criteria of MetS
for Asians’. In contrast, the waist circumference cut-off value
for Japanese was 85 cm for men and 90 cm for women, which
correspond to 100 cm® of intraperitoneal visceral fat in a
cross-section at the height of the navel as shown by computed
tomography (CT) both for men and women®. To address this
controversial point, we re-evaluated the cut-off points of waist
circumference for the diagnosis of MetS using ROC analysis.
We proposed that the optimal cut-off points are 84 cm for men
and 80 cm for women for predicting the clustering of the com-
ponents of MetS. In men, the criterion of waist circumference
deduced from the present study was matched to that of the cri-
terion of MetS in Japan. However, in women, the cut-off value
of waist circumference in the present study was lower than that
of the criterion.

The first report that estimated the waist circumference cut-
off value for diagnosis of MetS in Japan was a study of 3574
employees of a telephone company and their family members
(2947 men and 627 women). It estimated the optimal cut-off
value for the intraperitoneal visceral fat area at the height of
the navel, as determined by CT, to be 100 cm® for men and
65 cm” for women. Based on these findings, the corresponding
cut-off value for waist circumference is 86 cm for men and
77 cm for women’. Hara et al. also calculated the optimal cut-
off point of waist circumference among 692 healthy subjects
(408 men and 284 women). and the value of 85 cm for men
and 78 cm for women yielded the maximal sensitivity plus
specificity for predicting the presence of multiple risk factors®.
Other studies also reported that the optimal cut-off point for
men ranges from approximately 85 to 90 cm; however, in
women it ranges from 77 to 83 cm, approximately 80 cm
overall (Table 1)°°%°.

Table 1 | Reports on optimal cutoff point of waist circumference for the
diagnosis of metabolic syndrome in Japan

Author No. Cut-off Cut-off point
(reference subjects point for for women
number) men (cm) (cm)
Miyawaki T et al’ 3574 86 77

Hara K et al® 692 85 78
Miyatake N et al’ 3185 85 80
Nishimura R et al'® 2113 85 81

Equchi M et al! 420 83 78
Narisawa S et al'? 12,725 87 83
OkaRetal® 1870 89 82

Sato A et al.™* 395 87 80

Doi Y et al'® 2452 90 80

Present study 5972 84 80
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Table 2 | Reports on optimal cut-off point of waist circumference for
the diagnosis of metabolic syndrome in Asian countries

Country No. Cut-off Cut-off point
(reference subjects point for for women
number) men (cm) (cm)
Singapore'® 4723 90 80

India'” 640 20 80

Korea'® 6561 85 80

China'® 1140 90 85

Korea® 31,076 83 76

Korea®' 4677 84-86 78-80

The cut-off points of waist circumference for MetS suggested
by the NCEP-ATP III (102 cm for men and 88 cm for women)
are accepted in Western countries and there are no studies that
consider whether the optimal cut-off value should be revised. In
contrast, several studies that were carried out in Asian countries
show that the cut-off values should be lower than those of the
NCEP-ATP III (Table 2)'¢2, Although the cut-off values are
defined by the IDF for Asian populations as 90 cm for men and
80 cm for women, several studies from Korea'®***! and China'
suggest that the optimal cut-off points are different from those of
the IDF. Taking these findings together with those of the studies
from Japan (Table 1) and Asian countries (Table 2), ethnic dif-
ferences are likely to exist between populations across Asia, and
the criteria for defining MetS in Japan needs to be revised.

The present study has potential limitations. First, the subjects
enrolled in our study chose to undergo annual health examina-
tions; they were therefore more health-conscious than average,
which might have caused some bias in the current study. Second,
the cross-sectional study design makes it difficult to infer causality
between waist circumference and metabolic risk factors. Finally, it
is still controversial whether or not the waist circumference
cut-off values of MetS are significant predictors of cardiovascular
events. McNeil et al. assessed the association between MetS, using
the NCEP III definition, and CVD with an 11-year follow-up
period, and they reported that waist circumference is not a signifi-
cant predictor for CVD*?. Therefore, our findings are not fully
applicable to clinical and public health practice settings. Further
studies are needed to prospectively relate the accumulation of
visceral fat to the presence of risk factors of CVD.

In conclusion, although follow-up studies are required to
prove the feasibility of the definition of MetS to predict the
development of CVD, the cut-off value of waist circumfer-
ence as a criterion for MetS in Japan should be 80 cm for
women based on the present results and a review of the
literature.

ACKNOWLEDGMENT

This study was supported in part by Grants-in-Aid for Young
Scientists (B), the Ministry of Education, Culture, Sports, Science
and Technology, Japan to Dr Ogawa (21790813). No potential
conflicts of interest relevant to this study were reported.

REFERENCES

1. Lakka HM, Laaksonen DE, Lakka TA, et al. The metabolic
syndrome and total and cardiovascular disease mortality in
middle-aged men. JAMA 2002; 288: 2709-2716.

2. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome.
Lancet 2005; 365: 1415-1428.

3. World Health Organization. Definition, Diagnosis and Classifi-
cation of Diabetes and its Complications: Report of a WHO
Consultation. WHO, Geneva, 1999.

4. Expert Panel on Detection, Evaluation, And Treatment of High
Blood Cholesterol In Adults (Adult Treatment Panel Ill). Execu-
tive Summary of The Third Report of The National Cholesterol
Education Program (NCEP). JAMA 2001; 285: 2486-2497.

5. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome — a new
world-wide definition. A Consensus Statement from the
International Diabetes Federation. Diabet Med 2006; 23:
469-480.

6. An examination committee for criterion of metabolic
syndrome. Definition and criteria of metabolic syndrome.
Nippon Naika Gakkai Zasshi (in Japanese) 2005; 94:

794-809.

7. Miyawaki T, Hirata M, Moriyama K, et al. Metabolic syndrome
in Japanese diagnosed with visceral fat measurement by
computed tomography. Proc Jpn Acad 2005; 81 (Ser. B):
471-479.

8. Hara K Matsushita Y, Horikoshi M, et al. A proposal for the
cutoff point of waist circumference for the diagnosis of
metabolic syndrome in the Japanese population. Diabetes
Care 2006; 29: 1123-1124.

9. Miyatake N, Wada J, Matsumoto S, Nishikawa H, Makino H,
Numata T. Re-evaluation of waist circumference in metabolic
syndrome: a comparison between Japanese men and
women. Acta Med Okayama 2007; 61: 167-169.

10. Nishimura R, Nakagami T, Tominaga M, Yoshiike N, Tajima N.
Prevalence of metabolic syndrome and optimal waist cir-
cumference cut-off values in Japan. Diabetes Res Clin Pract
2007; 78: 77-84.

11. Eguchi M, Tsuchihashi K, Saitoh S, et al. Visceral obesity in
Japanese patients with metabolic syndrome: reappraisal of
diagnostic criteria by CT scan. Hypertens Res 2007; 30: 315-
323.

12. Narisawa S, Nakamura K, Kato K, Yamada K, Sasaki J,
Yamamoto M. Appropriate waist circumference cutoff
values for persons with multiple cardiovascular risk factors
in Japan: a large cross-sectional study. J Epidemiol 2008; 18:
37-42.

13. Oka R, Kobayashi J, Yagi K, et al. Reassessment of the cutoff
values of waist circumference and visceral fat area for identi-
fying Japanese subjects at risk for the metabolic syndrome.
Diabetes Res Clin Pract 2008; 79. 474-481.

14. Sato A, Asayama K, Ohkubo T, et al. Optimal cutoff point of
waist circumference and use of home blood pressure as a
definition of metabolic syndrome: the Ohasama study. Am J
Hypertens 2008; 21: 514-520.

®© 2010 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd

Joumnal of Diabetes Investigation Volume 1 Issue 3 June 2010 119



Ogawa et dl.

15. Doi Y, Ninomiya T, Hata J, et al. Proposed criteria for meta- 19. Bao Y, Lu J, Wang C, et al. Optimal waist circumference cut-
bolic syndrome in Japanese based on prospective evidence: offs for abdominal obesity in Chinese. Atherosclerosis 2008;
the Hisayama study. Stroke 2009; 40: 1187-1194. 201: 378-384.

16. Tan CE, Ma S, Wai D, Chew SK, Tai ES. Can we apply the 20. Kim HK, Kim CH, Park JY, Lee KU. Lower waist-circumference
National Cholesterol Education Program Adult Treatment cutoff point for the assessment of cardiometabolic risk in
Panel definition of the metabolic syndrome to Asians? Koreans. Diabetes Res Clin Pract 2009; 85: 35-39.

Diabetes Care 2004; 27: 1182-1186. 21. Baik I. Optimal cutoff points of waist circumference for the cri-

17. Misra A, Wasir JS, Pandey RM. An evaluation of candidate teria of abdominal obesity: comparison with the criteria of the
definitions of the metabolic syndrome in adult Asian Indians. International Diabetes Federation. Circ J 2009; 73: 2068-2075.
Diabetes Care 2005; 28: 398-403. 22. McNeill AM, Rosamond WD, Girman CJ, et al. The metabolic

18. Lee SY, Park HS, Kim DJ, et al. Appropriate waist circumfer- syndrome and 11-year risk of incident cardiovascular disease
ence cutoff points for central obesity in Korean adults. Diabe- in the atherosclerosis risk in communities study. Diabetes
tes Res Clin Pract 2007; 75: 72-80. Care 2005; 28: 385-390.

120 Journal of Diabetes Investigation Volume 1 Issue 3 June 2010 © 2010 Asian Assodiation for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd



ORIGINAL ARTICLE

Association of resistin polymorphism, its serum
levels and prevalence of stroke in Japanese
type 2 diabetic patients

Eitaro Nakashima'?*, Atsuko Watarai', Takayoshi Tsukahara?, Yoji Hamada? Keiko Naruse? Hideki Kamiya?, Jiro Kato?,
Norihiro Kato®, Makoto Tomita®, Yutaka Oiso? Jiro Nakamura®

ABSTRACT

Aims/Introduction: Resistin, an inflammatory cytokine, might be involved in the development of atherosclerosis. In a recent paper,
we showed that resistin polymorphism might be a risk marker for stroke susceptibility in Japanese type 2 diabetic patients. We tested
whether the serum resistin levels might be also a risk marker of stroke independently from RETN polymaorphism.

Materials and Methods: Type 2 diabetic outpatients from our hospitals were enrolled. Patients (n = 89) with a history of coronary
heart disease and stroke, and randomly selected controls (n = 178) matched for sex and age, but without a history of coronary heart

disease and stroke, were examined for polymorphism -420 (C>G) and cytokines levels.

Results: Serum resistin levels were significantly higher in patients with cardiovascular diseases (CVD) than in those without CVD

(P = 0.024), and were highest in patients with stroke among the CVD. In multiple logistic regression analysis, serum resistin levels
was an independent risk marker of stroke even after adjusted by RETN polymorphism, age, sex, body mass index, HbA,, systolic
and diastolic blood pressure, triglyceride, low density lipoprotein cholesterol, high density lipoprotein cholesterol, creatinine, history
of coronary heart disease, treatment of insulin, sulfonylurea and aspirin (odds ratio 1.33, 95% confidence interval [Cl] 1.02-1.73,

P = 0.039). The enrolled patients were divided by their serum resistin levels (high or low group) and their genotypes (CC, CG, GG at
-420) into six groups. Patients with the GG genotype and high resistin levels showed the highest odds ratio, 569 (95% Cl 1.24-26.1),

compared with the group with CC and low levels.

Conclusions: The results suggest that serum resistin levels might be a good marker of susceptibility to stroke as well as RETN
polymorphism. (J Diabetes Invest, doi: 10.1111/j.2040-1124.00040.x, 2010)

KEY WORDS: Resistin, Type 2 diabetes, Stroke

INTRODUCTION

Resistin, an inflammatory cytokine expressed in human macro-
phages’, has been reported to be elevated in subjects with obesity
and inflammation®”. It has direct action on the arterial wall*
and might be involved in the development of atherosclerosis. Pre-
viously, the specific recognition of the -420G allele in the resistin
gene (RETN) by Sp1/3 transcription factor was shown to increase
its promoter activity®. The present authors and others have
reported that serum resistin levels are increased in a genotype-
dependent manner based on the RETN polymorphism at -420
(C>G)”. In a recent paper, the present authors have also shown
that the genotyping of this polymorphism might provide a good
risk marker for stroke susceptibility in Japanese type 2 diabetic
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patients’. However, there have been some conflicting reports that
don’t support a relationship between the blood resistin levels and
susceptibility to cardiovascular diseases (CVD)'*™", In addition,
not only genetic factors, but also systemic inflammation was
suggested to affect the blood levels of resistin'®. The aim of the
present case—control study was thus to investigate, at first, the
association between the serum resistin levels, inflammatory status
and the prevalence of CVD, including coronary heart disease
(CHD) and stroke, in Japanese type 2 diabetes patients. There-
fore, we tested the serum resistin levels and RETN polymorphism
at position -420 (C>G) as a risk marker of CVD.

METHODS

Subjects

A total of 267 type 2 diabetic outpatients (89 cases, 179 controls)
who were consecutive visitors to Nagoya University Hospital and
Chubu Rosai Hospital were enrolled. Cases were defined as all
participants who had previously suffered from CVD (CHD and
stroke). Controls were defined as participants with no record of
CVD. Controls were randomly selected 2:1 from the enrolled
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cohort in our hospitals after matching for sex and age. The
assessment and definition of CVD were based on the following
criteria. CHD was defined according to histories of physician-
diagnosed ischemic heart disease. Strokes (ischemic cerebrovascu-
lar diseases) were diagnosed by means of neurological signs and
symptoms, together with computed tomography or magnetic
resonance imaging by neurologists. Only patients with a history
of large vessel diseases and carotid stroke were enrolled, and
patients with a history of cardioembolic and lacunar strokes were
excluded. The study protocol and informed consent procedure
were approved by the Ethics Committee of Nagoya University
Graduate School of Medicine and Chubu Rosai Hospital and
carried out in accordance with the Helsinki Declaration of 1975,
as revised in 2000.

Evaluated Parameters

Body mass index (BMI) and blood pressure (BP) were mea-
sured. Fasting blood samples were obtained, and sera were
stored at —80°C. Blood glucose, HbA,., insulin, low density

lipoprotein cholesterol (LDL), high density lipoprotein choles-
terol (HDL), triglycerides (TG) and creatinine were measured in
our hospital laboratory. Adipocytokines and C-reactive protein
(CRP) were also analyzed by an enzyme-linked immunoassay
(ELISA) kit (R&D, Minneapolis, MN, USA or American
Research Products, Belmont, MA, USA).

Genotyping of Polymorphisms

DNA-fragments of the single nucleotide polymorphism (SNP)-
420 were amplified from genomic DNA using polymerase chain
reaction with a previously described procedure’.

Statistical Analyses

Statistical analyses were carried out using the program spss
(SPSS, Chicago, IL, USA). The normally distributed parameters
were expressed as means * standard deviations and evaluated
by Student’s t-test. The parameters that were not normally dis-
tributed were expressed as median and interquartile range, and
evaluated by Mann-Whitney U-test. Correlations were sought

Table 1 | Baseline clinical characteristics in patients with or without cardiovascular diseases

Control Case P

n 178 89
No. females 65 31
Age (years) 65.5 = 94 670 = 100 0.86
Duration of diabetes (years) 137 + 94 173 £ 99 047
Body mass index (kg/m?) 230+ 35 234 £ 35 041
HbAc (%) 72+12 75+12 045
FBG (mmol/L) 82 24 7922 069
Fasting insulin (uU/mL) 67 £ 55 78 + 54 073
HOMA-R 25+ 24 26+ 18 027
SBP (mmHg) 13116 134 + 16 086
DBP (mmHg) 74+ 1 74 £ 11 065
Total cholesterol (mmol/L) 515+ 092 524 + 087 044
Triglycerides (mmol/L) 1.18 (0.88-164) 1.35 (1.10-2.28) 005°
HDL (mmol/L) 136 = 040 1.28 £ 038 082
LDL (mmol/L) 370 £ 082 318 £ 075 035
Creatinine (umol/L) 71 (62-80) 80 (71-102) <00012
Adiponectin (pg/mL) 78 (49-128) 87 (55-146) 032°
Resistin (ng/mL) 108 (69-176) 144 (8.1-22.2) 002°
CRP (mg/dL) 0052 (0.018-0.139) 0.076 (0.035-0.180) 0.046°
Smoking history (%) 486 57.1 033°
Medications

Insulin (%) 223 434 002°

Sulfonylurea (%) 342 36.1 077°

Glitazone (%) 107 67 005°

Statin (%) 264 371 038°

Aspirin (%) 54 289 <0001°

Data are presented as means + SD or median (interquartile range).

CRP, C-reactive protein; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL, high density lipoprotein cholesterol; HOMA-R, homeostasis
model assessment of insulin resistance; LDL, low density lipoprotein cholesterol; SBP, systolic blood pressure.

@P-value by Mann-Whitney U-test.
bp-value by y’-test.
Non-labeled P-value by Student’s t-test.
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by use of Spearman’s method. The association of serum resistin
with stroke was assessed in multiple logistic regression models.
A P-value <0.05 was considered statistically significant.

RESULTS

The baseline clinical characteristics of the study subjects are pre-
sented according to the presence or absence of CVD (Table 1).
Cases had significantly higher TG, creatinine, resistin levels and
CRP than controls. Other anthropometric data did not show
any significant differences between the two groups. Serum resi-
stin levels were significantly higher in patients with CVD than
in those without CVD (P = 0.024). However, the levels of serum
resistin were highest in patients with stroke among the CVD
(stroke 16.5 [8.1-28.3] vs control, P = 0.007) (Figure la). The
serum resistin levels had significantly univariate correlations
with the levels of creatinine and CRP, but not with other
anthropometric variables (Table 2).

As we reported previously, the serum resistin levels were
significantly high (P < 0.001) according to the presence of the G
allele (-420C/G). Next, we estimated serum resistin levels in mul-
tiple logistic regression analyses. The serum resistin levels were
independently associated with stroke after adjustment for age,
sex, BMI and genotype of RETN SNP -420 (Table 3; Model 1).
After additional adjustment for HbA,,, systolic BP, diastolic BP,
LDL, HDL, triglyceride, and history of coronary disease (Table 3;
Model 2), and even after further adjustment for creatinine, CRP,
insulin treatment, sulfonylurea treatment and aspirin treatment
(Table 3; Model 3), the significance still remained. Interestingly
the genotype of RETN SNP -420 was not a significant factor in
Model 1, but it was significant in Models 2 and 3 (CC vs GG).

Furthermore, we calculated the serum resistin levels in each
genotype and found that serum resistin levels were significantly
higher in cases of the CC and CG genotype groups than in con-
trols (cases and controls; 14.2 + 114 ng/dL vs 96 £ 6.1 [P =
0.04] in CC, 221 £13.1 ws 135+69 [P<001] in CG,
195 + 122 vs 19.0 + 11.0 [P = 0.91] in GG). In multiple regres-
sion analysis using serum resistin levels as the covariate in each
genotype group, we found that high blood levels of resistin were
a significant independent risk factor for stroke in the CG geno-
type group (odds ratio [OR] for stroke for 5-ng/mL increase in
serum resistin levels, 1.66 [95% CI 1.03-2.68]) and showed a
tendency for increased risk in the CC genotype group (OR
1.220, 95% CI 0.614-2.43). This means that, at least for diabetic
patients with the CG genotype, measuring the serum resistin
levels is more useful for detecting high-risk patients for suscepti-
bility for stroke than just checking the genotype.

Based on these data, we divided the enrolled patients by their
median serum resistin concentrations (High or Low) and their
genotypes (CC, CG, GG) into six groups, just for an example.
Odds ratios for stroke against the CC + Low group were calcu-
lated in each group by multivariate logistic-regression analysis
(Figure 1b). The odds ratios increased according to the G allele
mutation and high serum resistin concentration. Patients with
the GG genotype and high serum resistin levels showed the
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Figure 1 | (a) The resistin concentration (ng/mL) in control, total cardio-
vascular diseases (CVD) (coronary heart disease [CHD] + stroke) and
each CVD. Box plots show median, interquartile range and non-outlier
range. Extreme values are excluded from the box plots. (b) Odds ratio
for stroke according to the combination of RETN genotype (-420C/G)
and resistin levels (high or low) in multivariate logistic-regression analy-
sis. The enrolled patients were divided by their serum resistin concentra-
tions at median (high or low) and their genotypes (CC, CG, GG) into six
groups. After adjustment for age, sex, body mass index, systolic blood
pressure, serum levels of triglycerides, high density lipoprotein choles-
terol, low density lipoprotein cholesterol, C-reactive protein and creati-
nine, the multivariate logistic-regression analysis were made and each
odds ratio against the CC + Low group was calculated. Right column
shows odds ratio (confidence intervals).

highest odds ratio, 5.69 (95% CI 1.24-26.1), compared with the
CC + Low group. However, we failed to show significance
between High and Low within each genotype. Systolic blood
pressure was also detected as a significant factor in this
calculation.

DISCUSSION

In the present study, both the serum resistin levels and its geno-
type at -420 (C>G) were associated with the prevalence of stroke
in Japanese type 2 diabetic patients, even after adjustment for
known atherosclerotic risk factors in the multiple logistic regres-
sion analysis. As serum resistin levels shows a significant odds
ratio independently from its SNP-420, its measurement could
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Table 2 | Spearman'’s correlation coefficients of serum resistin levels to
anthropometric and biochemical variables in Japanese type 2 diabetic
patients

r P
Age (years) 008 0.18
Duration of diabetes (years) 003 065
Body mass index (kg/m?) 008 020
HbA (%) -003 060
Fasting blood glucose (mmol/L) =015 008
Fasting insulin (uU/mL) -006 057
HOMA-R =013 021
Systolic blood pressure (mmHg) 005 041
Diastolic blood pressure (mmHg) -007 025
Triglycerides (mmol/L) -006 051
HDL-cholesterol (mmol/L) =011 007
LDL-cholesterol (mmol/L) -003 063
Creatinine (umol/L) 027 <0001
Adiponectin 009 0.15
CRP 013 003

Spearman’s r correlation across all cases and controls. r value with resistin.
CRP, C-reactive protein; HDL, high density lipoprotein cholesterol;
HOMA-R, homeostasis model assessment of insulin resistance; LDL, low
density lipoprotein cholesterol.

also be helpful for the risk prediction of stroke in Japanese type
2 diabetic patients (Table 3).

Recent studies have shown that the resistin levels are signifi-
cantly correlated with coronary artery calcification and are

predictive of coronary atherosclerosis in humans''®. Ukkola

et al. and Norata et al."”"'® described the association among this
-420 (C>G) polymorphism, the resistin levels and cardiovascular
risk factors. However, the association between the serum resistin
levels and CHD seemed to be negative'®"?, and might be con-
troversial for this polymorphism and CVD'”". Differences in
the cohorts might explain the different results, depending on
which ethnic group was tested®®*!, or which diabetic cohort
was explored. Indeed, methodological limitations in the com-
mercially available ELISA assays might also result in variations
among serum levels, which might cause difficulties when com-
paring results from different publications.

Although few studies have been carried out for stroke, our
data showed that stroke was most strongly associated with the
levels of resistin and its polymorphism (Figure 1).

After all, it is noteworthy that in a recent report by Efstathiou
et al.?, high resistin levels might have been strongly associated
with an increased risk of 5-year mortality or disability after
atherothrombotic ischemic stroke. However, because they did
not measure the prestroke resistin levels, it is still unclear
whether or not resistin is a key player in the pathogenesis of
stroke or just a marker or indicator of the inflammatory status.
To answer this, more studies will be required.

There are some limitations in the interpretation of the present
study. First, we examined type 2 diabetic patients in Japan who
were relatively lean compared with those in other developed
countries. It would be hard to extrapolate the results of the pres-
ent study to non-diabetic patients, obese diabetic patients or other

Table 3 | Multiple logistic regression analyses of serum resistin levels with history of stroke

Adjusted for Model 1 Model 2 Model 3
Odds ratio (Cl) P Odds ratio (Cl) P Odds ratio (Cl) P

Resistin 1.32 (1.09-159) 0.004 134 (1.06-1.69) 0013 133 (1.02-173) 0039
Genotype of RETN SNP-420

CCvs CG 1.55 (063-384) 034 134 (044-4.09) 061 143 (046-4.50) 054

CCvs GG 1.75 (056-542) 034 367 (102-132) 0046 381 (1.03-14.1) 0.046
Age 1.03 (099-1.08) 013 1.02 (097-1.08) 038 103 (097-1.09) 035
Sex 1.18 (051-272) 069 1.03 (035-3.02) 096 1.02 (035-3.04) 097
BMI 06 (0.95-1.18) 032 1.01 (088-1.14) 093 1.02 (0.89-1.16) 081
HbA 0.79 (051-1.22) 028 074 (046-1.20) 022
SBP 1.04 (101-1.07) 002 04 (1.00-1.07) 0.045
DBP 098 (093-1.04) 051 099 (094-1.04) 063
LDL 101 (099-1.02) 053 1.01 (099-1.02) 051
HDL 097 (094-1.01) 0.14 097 094-1.01) 0.15
Triglycerides 1.00 (1.00-1.01) 033 00 (1.00-1.01) 031
History of CHD 195 (0.71-533) 020 1.68 (0.56-5.06) 036
Creatinine 095 (063-141) 0.78
CRP 1.01 (085-1.21) 089
Insulin therapy 195 (047-8.14) 036
Sulfonylurea therapy 1.80 (0.54-6.01) 034
Aspirin therapy 1.15(034-141) 082

Odds ratio and 95% confidence interval (Cl) for the existence of stroke for 5-ng/mL increase in serum resistin levels.
BMI, body mass index; CHD, coronary heart diseases; CRP, C-reactive protein; DBP, diastolic blood pressure; HDL, high density lipoprotein cholesterol;
LDL, low density lipoprotein cholesterol; SBP, systolic blood pressure; SNP, single nucleotide polymorphism.
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ethnic groups. Second, this was a kind of cross-sectional study at
the point of estimating serum resistin levels; we cannot determine
any cause-effect relationship based on this study design. Third,
the results were influenced by survivor effects, and the true preva-
lence of atherosclerotic diseases might be underestimated.

Some previous reports showed that the blood levels of resistin
were positively related to the systemic inflammatory status.
Although we cannot change our genotype to lower our suscepti-
bility for stroke, there is the possibility of lowering the risk of
stroke in diabetic patients, even those with the CG genotype,
by multifactorial intervention aimed at reducing the systemic
inflammation status, that is, by treatment with glitazone. Our
results suggest that using the genotype and serum levels of
resistin to discriminate between diabetic responders and
non-responders will contribute to the development of effective
strategies and improve the prognosis in this population. In con-
clusion, the present results suggest that serum resistin levels
might be also a good marker of susceptibility to stroke as well
as RETN polymorphism, and the measurement of both RETN
gene polymorphism and serum resistin levels might be useful to
detect the susceptibility to stroke and might provide an
incremental value in the risk prediction for stroke, beyond the
current approaches, among Japanese type 2 diabetic patients.
Our findings need to be confirmed by further studies.
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Long-term mortality and causes of death among patients with type 1 diabetes in Japan

Aims: To investigate long-term prognosis including causes of death among patients with type 1 diabetes in
Japan.

Methods: A total of 1,387 patients (556 males and 831 females) were registered from two nationwide type 1
diabetes surveys in Japan. They were diagnosed as type 1 diabetes at less than 18 years of age between
1965 and 1979. All patients were tracked for survival status until January 1, 2005, with this status determined
based on the questionnaires sent to their attending physicians or the residents’ records. Causes of death were
identified through questionnaires or death certificates. Their survival status as of January 1, 2005 was
expressed in terms of standardized mortality ratio (SMR) and crude mortality rate (CMR). Mortality was
compared between the male and female patients by using the Cox proportional-hazards model. The causes of
death for deceased cases were divided into 9 groups (1. diabetic renal disease; 2. acute diabetic
complications; 3. accident/suicide; 4. cardiovascular disease; 5. infections; 6. malignant neoplasms; 7. other
non-diabetic causes; 8. other diabetic causes; 9. unknown) and were also compared by duration of diabetes.
Statistical analyses were performed by using SAS 9.1. This study was approved by the Institutional Review
Board of Jikei University School of Medicine, Tokyo, Japan.

Results: The mean age at diagnosis was 8.8 = 4.1 (SD) years, with a duration of diabetes of 27.9 + 6.4 years.
One thousand one hundred and three patients were confirmed as alive as of January 1, 2005, and 223 deaths
(16.1%) were observed (confirmation rate: 95.6%). The SMR was 10.6 (males, 9.6; females 14.3), and the
CMR was 658/100,000 person-years (males, 778; females, 579). The male patients were shown to be at
1.37-fold higher mortality risk compared to the female patients (95% CI, 1.02-1.85). The causes of death
identified included diabetic renal disease (51 patients; 22.9%), cardiovascular disease (40; 17.9%), acute
diabetic complications (38; 17.0%), infections (34; 15.3%), accidents and suicides (21; 9.4%), unknown cause
(18; 8.1%), other non-diabetic causes (13; 5.8%), other diabetic causes (6; 2.7%), and malignant neoplasms
(2; 0.9%). Leading causes of death included acute diabetic complications among those with less than 10 years’
duration of disease, diabetic renal disease among those with 10 to 20 years’ duration, infections among those
with 20 to 30 years’ duration, and cardiovascular disease among those with 30 to 40 years’ duration. Thus, the
longer the duration of disease, the less the mortality from acute diabetic complications, and the greater the
mortality from cardiovascular disease. The time from the initiation of dialysis to death was shown to be 5.5 +
4.8 years in 89 patients who were confirmed to have been dead after initiation of dialysis.

Conclusion: The mortality risk of patients diagnosed as type 1 diabetes between 1965 and 1979 in Japan was
shown to be 10.6-fold higher than that of the general population. The males were found to be at 1.37-fold
higher mortality risk than the females. Diabetic renal disease, cardiovascular disease and acute diabetic
complications were found to be the leading causes of death. However, as the duration of disease became

longer, acute diabetic complications contributed less and cardiovascular disease contributed more to mortality.
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Blindness and laser photocoagulation in patients with
childhood-onset type 1 diabetes in Japan

H Sano,' R Nishimura," K Asao,' T Matsudaira,' A Morimoto," T Agata,? H Shimizu,?
N Tajima," Diabetes Epidemiology Research International Study Group

ABSTRACT

Aim: The aim of the study was to investigate trends in
the incidence of blindness and the association with laser
photocoagulation in patients with type 1 diabetes in
Japan.

Methods: Patients diagnosed between 1965 and 1979
aged under 18 years old were studied. The status of
blindness and laser photocoagulation was identified as of
1 January 1995. To examine the time trend, we divided
the cohort into two groups: 285 patients diagnosed
between 1965 and 1969 (65-69 cohort) and 769 patients
diagnosed between 1975 and 1979 (75-79 cohort).
Survival analysis was performed using the Kaplan—Meier
method. Cox proportional hazard models were used to
assess the demographic characteristics.

Results: Blindness developed in 60 subjects in the 65-69
cohort and 15 subjects in the 75-79 cohort. The
incidence of blindness in the 75-79 cohort was
significantly lower than that in the 65-69 cohort
(p<<0.0001). In spite of no change in the use of laser
photocoagulation in the 75-79 cohort compared with the
65—69 cohort, the hazard ratio for the blindness in those
who received laser photocoagulation in the 75-79 cohort
decreased significantly to 0.55 (p<<0.01) compared with
those in the 65-69 cohort when adjusted for the age of
onset, sex, and time of diagnosis.

Conclusion: The incidence of blindness decreased
significantly for the subjects diagnosed mare recently. The
change in quality and the earlier introduction of laser
photocoagulation might have contributed to the
decreased incidence of blindness observed over time.

Blindness is associated with a substantial reduction
in quality of life among type 1 as well as type 2
diabetic patients." An early study in Japan by Hibi
et al in 1982 demonstrated that the prevalence of
blindness was approximately 13.3% in 90 patients
who were aged >25 years.?

The clinical application of laser photocoagula-
tion for the treatment of advanced diabetic
retinopathy was initiated in 1959.% Early treatment
with scattered photocoagulation in the late 1980s
did prove effective in type 2 diabetes, but was not
effective in preventing advanced retinopathy in
type 1 diabetes.* In the late 1990s and early 2000s a
few reports started to provide evidence of improve-
ments .in visual outcome with photocoagulation
therapy in type 1 diabetes.®  However, there are no
reports that have focused on the relationship
between laser photocoagulation and the incidence
of blindness.

The aim of the present study was to estimate the
incidence of the use of laser photocoagulation and
of blindness, and to examine whether or not laser
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photocoagulation contributed to the decreased
incidence of blindness, if there was such a decrease.

PATIENTS AND METHODS

Subjects

The study subjects were selected from 1408
patients with childhood-onset type 1 diabetes in
the Japanese cohort of the Diabetes Epidemiology
Research International Study Group’®. The sub-
jects satisfied all of the following three criteria: (1)
developed the disease before 18 years of age; (2)
started insulin therapy within 1 month of diag-
nosis; and (3) diagnosed between 1965 and 1969
and alive at the end of 1969, or diagnosed between
1970 and 1979 and alive at the end of 1979. The
Diabetes Epidemiology Research International
Mortality Study was a population-based follow-
up study initiated in 1986 to examine the mortality
status of childhood-onset type 1 diabetes inter-
nationally.” ® The degree of the case ascertainment
of the cohort was estimated to be 75% according to
the reported incidence of type 1 diabetes during
that period.”” All attending physicians obtained
informed consent from the patients at the time of
questionnaire survey. The study was approved by
the Institutional Review Board of Jikei University
School of Medicine.

Methods

A questionnaire’® was sent to the attending
physicians on the clinical status of the patients:
whether the patients “received or did not receive”
laser photocoagulation and were “positive or
negative” for blindness at the time point of
January 1995. If the patient had “received” laser
photocoagulation, we retraced and recorded the
year and month of the first laser treatment. If the
patient had been “positive” for blindness, we
retraced and recorded the year and month of the
diagnosis of blindness.

Statistical analysis

Out of the total cohorts we chose two groups
according to the calendar year of diagnosis, namely
those diagnosed between 1965 and 1969 (the 65-69
cohort) and those diagnosed between 1975 and
1979 (the 75-79 cohort). The group diagnosed
between 1970 and 1974 was excluded from the
analysis (n = 354), since we designed this study to
analyse the follow-up period of the two cohorts on
the basis that the relationship between the length
of the recruitment period and the start time of the
follow-up was the same. The follow-up time was
calculated from 1970 for the 65-69 cohort and
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