Resistin and stroke in Japanese T2DM

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) 655 = 94 67.0 = 100 0.86
Duration of diabetes (years) 137 £ 94 173 £ 99 047
Body mass index (kg/m?) 230 + 35 234+ 35 041
HbA . (%) 7212 75+12 045
FBG (mmol/L) 82+ 24 79 22 069
Fasting insulin (WU/mL) 67 55 78 £ 54 073
HOMA-R 25124 2618 027
SBP (mmHg) 131+ 16 134 £ 16 086
DBP (mmHg) 74+ 74+ 11 0.65
Total cholesterol (mmol/L) 515 £ 092 524 + 087 044
Triglycerides (mmol/L) 1.18 (0.88-164) 135 (1.10-228) 005%
HDL (mmol/L) 1.36 £ 040 1.28 £ 038 0.82
LDL (mmol/L) 310 £ 082 318 £ 075 035
Creatinine (umol/L) 71 (62-80) 80 (71-102) <0.001°
Adiponectin (pg/mL) 78 (49-128) 87 (55-146) 032°
Resistin (ng/mL) 108 (6.9-17.6) 144 (81-222) 002°
CRP (mg/dL) 0052 (0018-0.139) 0076 (0.035-0.180) 0046°
Smoking history (%) 486 57.1 033°
Medications

Insulin (%) 223 434 002°

Sulfonylurea (%) 342 361 077°

Glitazone (%) 107 67 009°

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 vs 135+69 [P<001] in CG,
195 + 122 v5 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.
Qdds 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 0dds ratio, 569 (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) 008 018
Duration of diabetes (years) 003 065
Body mass index (kg/m?) 008 020
HbA . (%) -003 060
Fasting blood glucose (mmol/L) -0.15 0.08
Fasting insulin (uU/mL) -006 057
HOMA-R -0.13 0.21
Systolic blood pressure (mmHg) 005 04
Diastolic blood pressure (mmHg) -007 025
Triglycerides (mmol/L) -006 051
HDL-cholesterol (mmol/L) -0.11 0.07
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 QOdds ratio (Cl) P

Resistin 1.32 (1.09-1.59) 0.004 1.34 (1.06-1.69) 0013 133 (1.02-1.73) 0.039
Genotype of RETN SNP-420

CCvs CG 1.55 (063-3.84) 034 1.34 (0.44-4.09) 061 143 (0.46-4.50) 0.54

CCvs GG 1.75 (0.56-542) 034 367 (1.02-132) 0.046 381 (1.03-14.1) 0.046
Age 1.03 (0.99-1.08) 013 1.02 (097-1.08) 038 1.03 (097-1.09) 035
Sex 1 18 (051-2.72) 069 1.03 (035-3.02) 096 102 (0.35-3.04) 097
BMI 06 (0.95-1.18) 032 1.01 (0.88-1.14) 093 1.02 (0.89-1.16) 0.81
HbA - 079 (051-1.22) 0.28 074 (046-1.20) 0.22
SBP 04 (1.01-1.07) 002 04 (1.00-1.07) 0.045
D8P 098 (093-1.04) 051 99 (094-1.04) 063
LDL 1.01 (099-1.02) 053 01 (099-1.02) 051
HDL 097 (094-1.01) 0.14 097 094-1.01) 0.15
Triglycerides 00 (1.00-1.01) 033 OO (1.00-1.01) 031
History of CHD 1 95 (071-533) 0.20 68 (0.56-5.06) 036
Creatinine 0.95 (063-141) 0.78
CRP 101 (085-1.21) 0.89
Insulin therapy 195 (047-8.14) 036
Sulfonylurea therapy 1.80 (0.54-6.01) 034
Aspirin therapy 1.15(034-147) 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,2 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 more 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

Qut 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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from 1980 for the 75-79 cohort. The cumulative incidence rates
of laser photocoagulation and blindness in each group were
analysed by the Kaplan-Meier method, and the log-rank test
was used to compare the survival curves. In addition, to
evaluate the cumulative incidence rates of blindness after
receiving laser photocoagulation, the cumulative incidence rates
of blindness in each group were analysed in those subjects who
received laser photocoagulation. In this analysis, the follow-up
time was calculated from the time when laser photocoagulation
was performed. Using Cox proportional hazard models, the
hazard ratio and its 95% confidence interval for the time of
diagnosis for blindness were calculated after adjusting for age of
onset and sex. The status of laser photocoagulation and its
interaction with the year-of-diagnosis group were further
included into models. The status of laser photocoagulation
was analysed as a time-dependent covariant. A dummy variable
was incorporated for the year-of-diagnosis groups. All statistical
analyses were performed using SAS software (version 9; SAS
Institute, Cary, North Carolina, USA). A p value of less than
0.05 was considered statistically significant.

RESULTS

Patient background

The study subjects comprised 285 patients (115 male and 170
female) in the 65-69 cohort and 769 patients (316 male and 453
female) in the 75-79 cohort. Of those, 29 and 76 subjects in the
65-69 and 75-79 cohorts, respectively, died during the follow-
up. These subjects were treated as censored at their deaths
unless they had developed blindness or received laser photo-
coagulation before their deaths.

The history of laser photocoagulation was ascertained in 224
subjects (ascertainment rate 78.6%) in the 65-69 cohort and 692
subjects (90.0%) in the 75-79 cohort (table 1). The status of
blindness was confirmed in 257 subjects (90.2%) in the 65-69
cohort and 703 subjects (91.4%) in the 75-79 cohort as of 1
January 1995 (table 1).

The onset age of diabetes was not different between the
subjects with the missing information and the traced subjects
on blindness and laser photocoagulation in the 65-69 cohort.
Subjects in the 75-79 cohort with missing information on laser
photocoagulation were younger at the onset age of diabetes (8.5
(SD 4.1) years) than the subjects traced (9.9 (SD 4.2) years,
p<0.01) and the results were the same for those missing
information on blindness (8.6 (SD 4.1) years) as the subjects
traced (9.7 (SD 4.2) years, p<0.05). Sex distributions of
blindness and laser photocoagulation were not - different
between the subjects with the missing information and the
traced subjects in both the 65-69 and 75-79 cohorts.

Distribution of sex (135 male and 219 female) in the subgroup
(354 patients) diagnosed between 1970 and 1974 that was
excluded from the study showed no significant difference from
those in the 65-69 cohort and 75-79 cohort (p = 0.64). The age
at onset of diabetes (8.6 (SD 4.2) years old) in the subgroup
diagnosed between 1970 and 1974 showed no significant

difference from that in the 75-79 cohort (8.7 (SD 4.1) years
old) (p=0.69).

Response of attending physicians to the survey

A total of 735 attending physicians returned information on
their patients’ clinical status at the time point of questionnaire
survey in 1995, including those who had treated multiple
patients. No regional difference was observed in the number of
answers from attending physicians who responded to our
survey. It was confirmed that not only urban but also rural
physicians were performing laser photocoagulation at the time
point of this survey in Japan.

Cumulative incidence rate of laser photocoagulation

Laser photocoagulation was performed in 107 subjects (47.8%)
in the 65-69 cohort and 112 subjects (16.2%) in the 75-79
cohort by the end of follow-up (table 2). In the 65-69 cohort,
the cumulative incidence rates of the therapy (%) were 1.3 (95%
CI 0 to 2.8), 5.9 (0.05 to 9.0), 22.8 (17.3 to 28.4), 39.4 (32.9 to
45.9) and 49.3 (42.6 to 56.0) at 5, 10, 15, 20 and 25 years follow-
up, respectively. The rates were 0.7 (0.1 to 1.4), 5.9 (4.2 to 7.7)
and 16.3 (13.6 to 19.1) at 5, 10 and 15 years follow-up in the 75—
79 cohort, respectively. There was no statistically significant
difference in the incidence of laser photocoagulation between
the 65-69 cohort and the 75-79 cohort (p = 0.51) (fig 1A).

Cumulative incidence rate of blindness

Blindness developed in 60 subjects (23.3%) in the 65-69 cohort
and 15 (2.1%) in the 75-79 cohort (table 2). The cumulative
incidence rate of blindness (%) were 0.4 (95% CI 0 to 1.2), 3.6
(1.3 t05.9), 13.0 (8.8 to 17.2), 22.0 (16.8 to 27.2) and 24.5 (19.1
to 29.9) at 5, 10, 15, 20 and 25 years follow-up in 65 to 69
cohort, respectively, and 0.1 (0 to 0.4), 0.7 (0.1 to 1.3) and 2.0
(1.0 to 3.1) at the follow-up at 5, 10 and 15 years follow-up in
the 75-79 cohort, respectively. There was a statistically
significant difference in the incidence of blindness between
the 65-69 cohort and the 75-79 cohort (p<<0.0001) (fig 1B).

Risk of blindness and age of onset

The risk of blindness significantly increased by 1.09 times (95%
CI 1.03 to 1.15, p<0.005) with an increase in the age of onset by
1 year when adjusted for sex and time of diagnosis using a Cox
proportional hazard model (table 3).

Risk for blindness and the calendar years of diagnosis

Using a Cox proportional hazard model, the risk of blindness by
the calendar year of diagnosis was analysed after adjustment for
age of onset, sex, and presence or absence of laser photo-
coagulation. The hazard ratio for blindness decreased signifi-
cantly to 0.18 times (95% CI 0.09 to 0.33, p<<0.0001) in the 75~
79 cohort compared with the 65-69 cohort when adjusted for
the age of onset and sex (table 3). The hazard ratio attenuated
to 0.21 times (0.10 to 0.45, p<0.0001) after further adjustment

Table 1 Demographic characteristics by time of diagnosis for diabetes

Laser photocoagulation Blindness
Characteristic 1965-9 1975-9 p Value 1965-9 1975-9 p Value
Number of subjects 224 692 257 703
Sex (male) (%) 50 (46.7) 41 (36.6) 25 (41.7) 5 (33.3) 0.56
Onset age (years) 9.2 (4.2) 10.5 (3.5) 10.5 (4.0) 105 (3.3) 0.98

Values are mean (SD) or n (%).

p Values for sex and onset age were calculated by chi-square test and t test for the 1965-9 cohort vs 1975-9 cohort, respectively.
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Figure 1 Cumulative performance rates of retinal photocoagulation
therapy (A), cumulative incidence rates of blindness (B) and cumulative
incidence rates of blindness after photocoagulation therapy (C). The data
were followed-up by the Kaplan—Meier method for those diagnosed in
1965-9 and 1975-9. NS, not significant.
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for the time-dependent status of laser photocoagulation
(table 3).

Risk of blindness and receiving laser photocoagulation

The hazard ratio for the blindness significantly increased to
17.75 (95% CI 8.76 to 35.96, p<<0.0001) for those receiving laser
photocoagulation compared with those not receiving laser
photocoagulation when adjusted for the age of onset, sex and
time of diagnosis (table 3). The risk of blindness was
significantly higher in subjects who needed laser photocoagula-
tion than in those who did not, even after adjustment for the
year of diagnosis.

Cumulative incidence rate of blindness in those who received
laser photocoagulation

According to the subjects who received laser photocoagulation,
blindness developed in 27 subjects (25.5%) in the 65-69 cohort
and seven subjects (6.3%) in the 75-79 cohort. The cumulative
incidence rate of blindness in those who received laser
photocoagulation (%) were 20.2 (95% CI 12.2 to 28.1) and
26.9 (17.7 to 36.1) at 5- and 10-years follow-up, respectively,
after receiving laser photocoagulation in the 65-69 cohort, and
7.9 (2.0 to 13.9) at 5-years follow-up after receiving laser
photocoagulation in the 75-79 cohort. There was a statistically
significant difference in the incidence of blindness between the
65-69 cohort and the 75-79 cohort (p<0.0001) (fig 1C).

Risk of blindness in those who received laser photocoagulation
The hazard ratio for blindness in those who received laser
photocoagulation in the 75-79 cohort decreased significantly to
0.55 (95% CI 0.36 to 0.84, p<<0.01) compared with those in the
65-69 cohort after adjusting for the age of onset, sex and time of
diagnosis (table 4).

DISCUSSION

To our knowledge this study presents the first estimate of the
incidence rate of blindness in Japanese type 1 diabetes patients
with a large number of study subjects nationwide and with a
high ascertainment rate.’

This study revealed that there was a significant improvement
of blindness in the 75-79 cohort. A study based at Hvidore
Hospital in Denmark showed a 7% cumulative incidence of
blindness at 25-year follow-up, when the visual acuity of
blindness was defined to be 0.1 or worse, in type 1 diabetes
patients diagnosed in 1965-9, and 1% at 15-year follow-up in
patients diagnosed in 1975-9." In Japan, visual impairment,
semi-blindness and blindness are defined according to the
following decimal visual acuity scales: worse than 0.3 to a
lower limit of 0.04, worse than 0.04 to a lower limit of 0.02, and
worse than 0.02, in both eyes with the best possible correction.
Considering that the definition of blindness in the present study
was light perception level, we conclude that the incidence rate
of 24.5% of blindness at the 25-year follow-up in the 65-69
cohort was extremely high compared with the similar data from
the previous study." The present study is based on a nationwide
survey whereas Hvidore Hospital is a referral hospital. These
differences indicate that there is room to improve prognosis or
vision among Japanese patients.

The cumulative incidence of laser photocoagulation was the
same for those diagnosed in the 1965-9 and 1975-9 cohorts. The
finding is consistent with the aforementioned report of the
Hvidore Hospital: the cumulative incidence of proliferative
retinopathy was 11-16% and that of laser-treated retinopathy
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Table 2 Laser photocoagulation and blindness outcomes in total and 15-year observation periods by the

year of diagnosis of diabetes

Laser photocoagulation Blindness

Variable 1965-9 1975-9 1965-9 1975-9

As of the end of 1994
Number of events (%) 107 (47.8) 112 (16.2) 60 (23.3) 15 (2.1)
Duration of diabetes at event (years) 16.1 (4.9) 11.3 (2.9) 15.2 (4.5) 9.9 (4.4)
Age at event (years) 215 (5.7) 24.3 (3.8) 28.3 (5.8) 23.6 (4.8)
Calendar year at event (years) 1985.7 (4.9)  1990.9 (2.9) 1984.7 (4.5) 1989.4 (4.4)
Follow-up period (years) 24.1 (2.6) 14.9 (0.7) 20.3 (4.8) 13.9 (2.3)

At 15-year follow-up
Number of events (%) 53 (18.6) 112 (14.6) 33 (11.6) 15 (2.0)
Duration of diabetes at event (years) 12.4 (3.6) 11.3 (2.9) 12.0 (3.0) 9.9 (4.4)
Age at event (years) 24.6 (4.9) 24.3 (3.8) 25.3 (4.5) 23.6 (4.8)
Calendar year at event (years) 1981.9 (3.6)  1990.9 (2.9 1981.4 (3.0 1989.4 (4.4)

Values are mean (SD) or n (%).

was 12-21% at 15 years of diabetes duration among type 1
diabetes patients diagnosed in 1965-9, 19704 and 1975-9." The
cumulative incidence of laser photocoagulation was a little
higher in our population. Regarding the subgroup excluded from
the study, we confirmed that there was no significant difference
in the distribution of sex compared with the 65-69 and 75-79
cohorts, and no significant difference in the onset age compared
with the 75-79 cohort. These findings suggest that this
excluded subgroup did not differ in any other important
demographic or clinical features from the groups investigated
further in this study.

The risk of advanced retinopathy and blindness increased
significantly with an increase in age of onset when adjusted for
sex and time of diagnosis. There seems to be no established
agreement on an increased risk of advanced retinopathy and
blindness in age of onset.

In the subjects who received laser photocoagulation, the
cumulative incidence rate of blindness after receiving the
therapy decreased significantly in the 75-79 cohort compared
with the 65-69 cohort. Given that there was no change in the
frequency of laser photocoagulation, we consider two possible
explanations.

First, the change in quality of laser photocoagulation could
explain the decreased incidence of blindness observed over time.
The results of two large clinical trials® *® of laser photocoagula-
tion showed that the technical advances in laser photocoagula-
tion prevented the progression of retinopathy. In Japan, the
laser coagulation instrument was first introduced in 1968 and
spread rapidly throughout the country during the 1970s
through 1990s." The long-term prognosis for blindness may
have been improved by technical advances in laser photocoagu-
lation in the late 1980s and early 1990s in Japan.™

Second, the earlier introduction of laser photocoagulation
relative to the disease process may also have contributed to the
reduction of the incidence of blindness, on which our data do
not provide any detailed information. The early introduction of
laser photocoagulation was optimally timed by the develop-
ment of fluorescein fundus angiography.” It rapidly became
available in Japan in the late 1970s'® and made early diagnosis of
proliferative retinopathy possible.

As a result, the risk of blindness was significantly higher in
subjects who received laser photocoagulation than in those who
did not, even after adjustment for the year of diagnosis. It is
appropriate that patients receiving laser photocoagulation have
advanced retinopathy, and this may explain the markedly
higher risk of blindness compared with those not receiving the
therapy. Zaninetti et al emphasised that eyes requiring
vitrectomy because of vitreous haemorrhage or retinal detach-
ment in proliferative retinopathy after laser photocoagulation
were often a result of incomplete photocoagulation.”” Various
surgeries introduced by Machemer in 1971 were performed
from about 1979 in Japan.” Photocoagulation therapy and
progress in the treatment of advanced retinopathy, such as the
technical improvement in vitreous surgery, might have con-
tributed to the reduced incidence of blindness.

This study has the following limitations. First, information
evaluated in this study was limited to reports on the status of
blindness, any type of laser photocoagulation therapies and
presence or absence of vitreous surgery. Second, our data did
not include other known clinical risk factors for retinopathy,
including hyperglycaemia,® hypertension® and so on.
Better management of clinical risk factors may play an
important role in reducing the progression of retinopathy in
this study.

Table 3 Analyses of risk factors for blindness using Cox proportional hazard models

Model 1 Model 2 Model 3

Variable Hazard ratio (95% Cl) p Value Hazard ratio (95% CI) p Value Hazard ratio (95% CI) p Value
Age at onset (per year) 1.09 (1.03 to 1.15) 0.0047 1.04 (0.96 to 1.11) 0.35 1.03 (1.00 to 1.11) 0.38
Sex (female/male) 1.14 (0.71 to 1.82) 0.58 1.05 (0.59 to 1.89) 0.86 1.04 (0.58 to 1.87) 0.91
Calendar time period of diagnosis (1975-9/ 0.18 (0.09 to 0.33) <0.0001 0.21 (0.10 to 0.45) <0.0001 0.16 (0.05 to 0.50) 0.002
1965-9)

Laser photocoagulation (presence/absence) - - 17.75 (8.76 to 35.96) <0.0001 15.45 (6.91 to 34.52) <0.0001
Calendar time period of diagnosis x laser - - - - 1.65 (0.38 to 7.17) 0.51

photocoagulation

Laser photocoagulation was analysed as a time-dependent covariant.

Three levels of adjustment were made as follows. Model 1: age at onset (per year), sex (female/male) and calendar time period of diagnosis (1975-9/1965-9); Model 2: Model 1+
laser photocoagulation (presence/absence); Model 3: Model 2 + calendar time period of diagnosis x laser photocoagulation].
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Table 4 Analyses of risk factors for blindness after laser
phatocoagulation using Cox proportional hazard model

Hazard ratio
Variable (95% CI) p Value
Age at onset (per year) 1.06 (0.97 to 1.15) 0.23

1.25 (0.62 to 2.54) 0.54
0.55 (0.36 to 0.84) <0.01

Sex (female/male)

Calendar time period of diagnosis
(1975-9/1965-9)

In summary, the incidence of blindness has decreased
significantly for the subjects observed over time. This decrease
might partially be attributed to technical advances in laser
photocoagulation.
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The predictive value of hemoglobin Alc (HbA1lc) in comparison to fasting plasma glucose
(FPG) is evaluated for 5-year incident diabetes (DM), as HbAlc may be more practical than
FPGin the screening for DM in the future. Of 1189 non-DM subjects aged 35-89 years old from
the Funagata Study, 57 subjects (4.8%) had developed DM on the WHO criteria at 5-year
follow-up. The odds ratio (95% confidence interval: CI) for a one standard deviation increase
in FPG/HbAlc was 3.40 (2.44-4.74)/3.49 (2.42-5.02). The area under the receiver operating
characteristic curve for FPG/HbA1lc was 0.786 (95% CI: 0.719-0.853)/0.785 (0.714-0.855). The
HbA1c corresponding to FPG 5.56 mmol/l was HbAlc 5.3%. There was no statistical differ-
ence in sensitivity between FPG 5.56 mmol/l and HbAlc 5.3% (61.4% vs. 56.1%), while
specificity was higher in HbAlc 5.3% than FPG 5.56 mmol/1 (87.8% vs. 82.5%, p-value < 0.001).
0.001). The fraction of incident case from those with baseline IGT was similar between the
groups, however the fraction of people above the cut-off was significantly lower in HbAlc
5.3% than FPG 5.56 mmol/l (14.3% vs. 19.6%, p-value < 0.001). HbAlc is similar to FPG to
evaluate DM risk, and HbA1lc could be practical and efficient to select subjects for inter-
vention.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

or prevent serious diabetes-related complications in subjects
with DM. Thus, high-risk subjects for T2DM should be identified

The prevalence of type 2 diabetes (T2DM) is increasing rapidly
worldwide, and emerging as a serious health issue [1]. Recent
clinical trials have demonstrated that lifestyle or pharmacolo-
gical interventions in subjects with impaired glucose tolerance
(IGT) can delay or prevent T2DM [2-4]. More recent epidemio-
logical study [5] and clinical trial [6] have shown that aggressive
glycemic control should be started as early as possible to delay

at early stage of the disease for intensive interventions.

In Japan, people with possible (hemoglobin Alc [HbAlc]
5.6-6.0%) and probable (HbAlc >6.1% and under treatment of
diabetes) DM increased from 16.2 million in 2002 to 22.1
million in 2007 among the general population over 20 years
old, representing an average 7.3% increase in rate per year [7].
The high-risk approach where either FPG or HbAlc is

* Research grant: Japanese Ministry of Health, Labour and Warfare, Some results of this paper were presented at the 43rd Annual
Meeting of the European Association for the Study of Diabetes, Amsterdam, The Netherlands in September 2007.
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Abbreviations: ADA, American Diabetes Association; CI, confidence intervals; BMI, body mass index; DM, diabetes mellitus; FPG, fasting
plasma glucose; HbAlc, hemoglobin Alc; IGT, impaired glucose tolerance; JDS, Japan Diabetes Society; OGTT, oral glucose tolerance test;
OR, odds ratio; ROC, receiver operating characteristic; Wc, Waist circumference; WHO, World Health Organization; 2h PG, 2 h plasma

glucose.
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incorporated into the general health check targeted future
lifestyle-related diseases including DM has been launched in
2008 [8]. Although 2h plasma (2h PG) on an oral glucose
tolerance test (OGTT) is a better predictor of DM than FPG
[9,10], an OGTT is abandoned at opportunistic screening for
DM. The simple and inexpensive substitutes would be
required at primary health care. To date, both HbAlc and
FPG are significant predictors of DM in some studies [11,12].
However, these studies used the American Diabetes Associa-
tion (ADA) criteria [13] for the diagnosis of DM and the impact
of HbA1c on incident DM based on 2 h PG was not taken into
account. Thus, the aim of the current study was to assess the
predictabilities of baseline FPG and HbA1c for DM based on the
World Health Organization (WHO) criteria [14] at 5-year
follow-up, by comparing baseline 2h PG on an OGTT.
Moreover, the cut-off points on baseline HbAlc were exam-
ined with respect to the prediction of DM at 5-year follow-up.

2. Subjects and methods

Funagata Study has been described previously [15]. Briefly, the
Funaga Study is a population-based study conducted in an
agricultural area 400 km north of Tokyo to clarify the risk
factors, related conditions, and consequence of type 2 DM. The
baseline data from the 2nd survey performed between 18th
June1995 and 6th July 1997 consisted of 2154 subjects aged 35—
89 years (participation rate: 48.4%). Of those, 1189 subjects
without DM on the 1999-WHO criteria [14] were repeatedly
performed an OGTT at the 3rd survey conducted between 16th
June 2000 and 7th June 2002.

In both baseline and 5-year follow-up, blood samples were
drawn from the antecubital vein after overnight fasting for
measurement of FPG and lipids (enzymatic and direct methods)
followed by an 75 g OGTT (Trelan-G®, Shimizu Pharmaceutical,
Shimizu) in subjects without a treatment of DM. HbAlc was
measured after the calibration standardized of the Japan
Diabetes Society (JDS) [16,17] and the JDS assigned HbAlc
values, which is 0.3% lower than the National Glycoprotein
Standardization Program assigned values [18], were used in the
presentstudy. Intra-assay coefficient of variation for HbAlc was
1.0% at values 5.2% and 10.5%. Waist circumference (Wc) was
measured at the navel level at the end of expiration under
normal breathing in a standing position. Systolic and diastolic
blood pressures were measured in the sitting position after a
5 min rest using a mercury sphygmomanometer. All partici-
pants were questioned about their smoking and alcohol habits.

2.1.  Statistical analyses

McNemar’s test was used to compare proportions between
dependent samples. The 5-year cumulative incidence of DM
was calculated as the number of subjects who developed DM
at5-year follow-up divided by the sum of duration of follow-up
for each subject, in the three glucose categories for FPG, 2 h PG
and HbA1lc, respectively, as follows: FPG <5.05, 5.05-5.55, 5.56—
6.99 mmol/], 2h PG <5.60, 5.60-7.79, 7.80-11.09 mmol/l, and
HbAlc <5.0, 5.0-5.2, >5.3%. The FPG 5.56 mmol/] and 2h PG
7.80 mmol/l were chosen, as they are defined as the lower limit
of abnormal glucose metabolism in non-DM glucose range

[14]. The HbAlc 5.3% was chosen, as it corresponds to FPG
5.56 mmol/l in the receiver operating characteristic (ROC)
curve analysis [19] described below. The below these cut-offs,
subjects were equally divided into cited group for FPG, 2 h PG
and HbAlc, respectively.

Odds ratios (ORs) for the presence of DM at 5-year follow-up
were estimated by using logistic regression analysis and
reported with their 95% confidence intervals (CIs). The model
adjusted for age (continuous), sex (categorical), Wc (contin-
uous), FPG, 2 h PG or HbAlc (categorical) was made and tested by
one by one for following explanatory variables: systolic blood
pressure (continuous), cholesterol (continuous), triglyceride
(continuous), high density lipoprotein cholesterol (continuous),
smoking status (categorical, none/past smoker/current smo-
ker), alcohol habits (categorical, none/drink occasionally/drink
regularly) and family history of DM (categorical, none/presentin
first degree relatives). A variable of family history of DM, which
came out to be significant in the former model, was fitted in a
final model with age, sex, Wc and variables for FPG, 2 h PG or
HbA1lc. The subsequent logistic regression model, in which a
continuous variable for a one standard deviationincrease in FPG
(0.58 mmol/1), 2 h PG (1.83 mmol/]) or HbA1lc (0.4%) was entered,
was fitted to see which of the glucose index has the strongest
impact on the development of DM.

2.1.1.  Performance of three glucose indices as screening tests
for DM at 5-year follow-up

The ability of baseline FPG, 2h PG and HbA1lc to predict the
incidence of DM at 5-year follow-up was determined by
computing sensitivity and specificity and plotting them in a
ROC curve [19]. The optimal cut-off maximizing sum of
sensitivity plus specificity was explored for each glucose
indicator. The sensitivity, specificity, positive predictive value
(PPV) and false negative predictive value (NPV) for DM at 5-year
follow-up and the proportion of subjects above the cut-off
were calculated at baseline FPG 5.56 mmol/1 and 2h PG
7.80mmol/l. The same calculation was made for HbAlc
5.1%, 5.2%, 5.3% and 5.4%.

The study was approved by the Institutional Review Board
of Yamagata University and the informed consent to partici-
pate was obtained from all participants. All statistical analyses
were performed using SPSS for Windows version 16.0 (SPSS,
Chicago, IL, USA). A p-value<0.05 was considered as
statistically significance.

3. Results

During a 5-year follow-up period, 34 men (6.8% [95% CI: 4.6—
9.0]) and 23 women (3.3% [2.04.7]) developed DM. The overall
cumulative 5-year incidence density of DM was 12.1 (95% CL:
8.9-15.2) per 1000 person years of follow-up for men and
women combined (Table 1).

3.1.  Incidence density and risk prediction of DM at 5-year
follow-up from baseline FPG, 2 h PG, or HbAlc

The 5-year cumulative incidence density and the multivariate
ORs of DM at 5-year follow-up were significantly higher in
subjects with the highest glucose category than the lowest
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Table 1 - Incidence density and adjusted odds ratios for the presence of DM at 5-year follow-up according to baseline

glucose categories.

Number of
subjects (%)

Number of incident case
(incident case from IGT)

Incidence density of DM
1000 person-years (95% CI)

& Adjusted ORs
for DM (95% CI)

Fasting plasma glucose (mmol/l)

<5.05 507 (42%) 8 (1)

5.05-5.55 449 (38%) 14 (9)

5.56-6.99 233 (20%) 35 (25)
2 h plasma glucose (mmol/l)

<5.60 512 (43%) 6 (0)

5.60-7.79 541 (46%) 16 (0)

7.80-11.09 (IGT) 136 (11%) 35 (35)
HbA1lc (%)

<5.0 559 (47%) 8 (2

5.0-5.2 460 (39%) 17 (7)

>5.3 170 (14%) 32 (26)
Total

1189 (100%) 57 (35)

40 (1.2-6.7) 1.00
7.9 (3.8-12.0) 1.72 (0.71-4.19)
37.8 (25.5-50.1) 7.53 (3.35-16.93)

3.0 (0.6-5.3) 1.00
7.5 (3.8-11.1) 2.38 (0.91-6.26)

64.8 (44.1-85.6) 20.64 (8.13-52.37)
3.6 (1.1-6.1) 1.00

9.3 (4.9-13.7) 2.14 (0.91-5.05)
47.4 (31.4-63.4) 10.06 (4.44-22.79)

12.1 (9.0-15.2)

2 Adjusting for age, sex, waist circumference, and family history of DM.

glucose category for FPG, 2h PG and HbAlc (Table 1). There
was no difference in the 5-year cumulative incidence density
between three glucose indicators for each of the lowest,
middle and the highest glucose category.

Modeling with continuous FPG, 2 h PG or HbAlc, the risk for
DM at 5-year follow-up related to a one standard deviation
increase in FPG, 2 h PG and HbAlc were 3.40 (2.44-4.74), 4.76
(3.30-6.86) and 3.49 (2.42-5.02), respectively.

3.2.  ROC curve analyses predicting DM from baseline
FPG, 2 h PG, or HbAlc

The area under the ROC curve for DM at 5-year follow-up was
not statistically different across three glucose indicators: 0.830
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Fig. 1 - Receiver operating characteristic curves for incident
diabetes at 5-year follow-up: baseline FPG (solid line), 2h
PG (dotted line) and HbA1c (solid and dotted line) among
1189 non-diabetes subjects at baseline.

(0.767-0.893) for 2 h PG, 0.786 (0.719-0.853) for FPG and 0.785
(0.714-0.855) for HbAlc (Fig. 1). The optimal cut-offs for FPG,
2h PG and HbAlc were 5.36 mmol/l, 7.52 mmol/l and 5.1%,
respectively. The HbA1lc 5.3% gave the same sum of sensitivity
plus specificity as FPG 5.56 mmol/V/1.

3.3.  Performance as the screening test for future DM at
various Pre-DM glucose cut-offs

There was no statistical difference in sensitivity and 100-PPV
between FPG 5.56 mmol/], 2 h PG 7.80 mmol/]l, HbAlc 5.2% and
HbAlc 5.3%. The specificity was the highest in 2h PG
7.80 mmol/], the second highest in HbAlc 5.3%, followed by
FPG 5.56 mmol/], and the lowest in HbAlc 5.2% (all p-values
<0.01). There was a precise reverse order in the proportion of
subjects above the cut-off (all p-values <0.05).

The distribution of incident case of DM from subjects with
baseline IGT was almost similar between the categories for
baseline FPG and baseline HbA1lc (Table 1). The proportion of
incident case of DM from subjects with baseline IGT was
significantly higher in those with baseline HbAlc 5.2% (89%,
31/35)(p-values <0.001) than that in those with baseline FPG
5.56 mmol/l (71%, 25/35) or baseline HbA1lc 5.3% (74%, 26/35).

4, Discussion

The FPG is an established predictor of DM and considered as a
relevant screening test for DM in the future [9-12]. However,
blood sampling at fasting state in the morning is oftentimes
difficult to perform in general population. Our study has
shown that HbA1c has a similar ability to FPG for evaluating
future DM risk and for detecting incident cases of DM,
especially from the group of subjects with IGT at baseline.
Obtained data also demonstrated that2 hPGonanOGTThad a
slightly better predictability for future DM than FPG or HbAlc,
which is partly accordance with European reports [9,10].
However, its use as an initial screening test is unrealistic. In
the screening at non-fasting state, HbAlc could be practically

— 123 —



