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We have launched Laboratory Medicine International last
year. Several key factors affect how this journal grows and
receives a high reputation. The two important keys are
the contents and accessibility of the journal. Quality of the
original research works, case reports and comprehensive
and instructive reviews are well-accepted factors in any
academic journal. The accessibility includes how rapidly
the article is peer-reviewed and the decision is made. To
fasten this process, the online systems did a great job.
I still remember the nightmare of submitting systems a
decade ago. When we submit, we sent a printed article to
the journal offices by postal mail, receive the manuscript
to peer-review by postal mail, and returned the review
by fax. It took more than two months or even more to
receive the first decision! Nowadays, fax has gone, postal
mails are not so often used and use e-mails instead. Most
academic journals use submission and review applications
and we do not need to rush to the post office, but just sit
in our office or even at home or wherever we can access
the internet and click the button to submit the article. So
our journal, Laboratory Medicine International contracted
with ScholarOne Manuscripts™ to make our journal easily
accessible. The instructions for authors both in Japanese
and English are available on the web and the automated

check system confirms the style and formats of the
manuscript. This system is widely used by thousands of
journals all over the world and the reader may be familiar
with how to use it.

The advance in the tools makes us easy to submit arti-
cles and fasten the publication cycle. On the other hand,
several concerns are raised; to find proper reviewers,
usage of automatically assisted artificial intelligence / ma-
chine learning (AI/ML) -powered writing tools (including
ChatGPT), fabrication or plagiarization. As for finding
reviewers, tools such as Web of Science™ are still un-
derdeveloping and at the same time potential reviewers
rather easily decline our invitations compared with the
former off-line system. It is partly because recently the
number of journals increase so largely and every day we
receive invitations to peer-review articles that do not
necessarily fall into our expertise. We, the editorial board
members of Laboratory Medicine International, do our
best to choose the proper reviewers and ask your favor
to accept our invitation. Do not discard our emails as junk
or discard them without reading them! It is we, the active
member of the Japanese Society of Laboratory Medicine,
who bring up our society by publishing our works in
Laboratory Medicine International.
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ABSTRACT

Background: Skin autofluorescence (SAF) is a non-invasive marker of advanced glycation end-product (AGE)
accumulation and may explain glycemic memory in diabetic patients. However, the clinical usefulness of SAF
measurement is not well recognized due to its complex confounding factors. We investigated how SAF is associ-
ated with diabetic complications after adjusting for confounding factors.
Methods: Patients with type 2 diabetes (n = 1130) enrolled in the regional diabetes cohort (ViNA cohort) were
examined at baseline. SAF was measured by a AGE Reader. Ankle-brachial pressure index (ABI) was measured
for diagnosis of peripheral artery disease (PAD) (ABI = 0.9). Diabetic kidney disease (DKD) was defined as
urinary albumin-creatinine ratio = 30 mg/g and estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m?,
diabetes duration = 5 years, and the presence of diabetic retinopathy. The visceral fat area (VFA) was measured by
computed tomography.
Results: SAF was significantly correlated with age, duration of diabetes, and decreased eGFR. SAF was associ-
ated with diabetic retinopathy, strictly defined DKD, and stroke, but after adjusting for these confounding factors,
it was no longer associated with coronary artery disease or PAD. SAF was not associated with metabolic syn-
drome-related risk factors, such as VFA and serum lipids.
Conclusions: SAF is affected by age, duration of diabetes, and kidney function, so careful analysis is required
when assessing the clinical significance of SAF. Nevertheless, SAF is an excellent biomarker for diabetic retinop-
athy, DKD, and stroke.

[(Lab Med Int 2023; 2(1): 3-10)

Skin autofluorescence, diabetic complications, biomarkers

LIntroduction..........coooviiiiiiiiiiiiiiieiaennn.

Hyperglycemia is a major risk factor for macrovascular
and microvascular complications in the diabetic popula-
tion ¥, and advanced glycation end-product (AGE) ac-
cumulation in the vasculature is compelling mechanism
to explain between long-term high glucose exposure and
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angiopathy #%. A past history of hyperglycemia or strict
glycemic control may accelerate or suppress the sub-
sequent development of diabetic complications, known
as glycemic (metabolic) memory ¢ or legacy effects ¥.
Since AGE production is stimulated by long-term hyper-
glycemia?, it is expected that measuring AGE can assess
the risk of diabetic complications beyond HbAlc levels
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which indicate current glycemic control. AGE-Reader
is widely used as a noninvasive clinical tool for detecting
tissue autofluorescence (AF) under the skin (SAF)?,
which is highly related to the accumulation of AGE such as
pentosidine and carboxy (m) ethyllysin under the skin ®.
However, while SAF can be easily measured in a general
clinical practice, the clinical usefulness of the measure-
ment is not well recognized.

Numerous publications have revealed that SAF is
closely associated with microvascular and macrovascular
complications in patients with diabetes ¢V, Therefore,
SAF measurements may help to detect or predict diabet-
ic complications in routine clinical work. However, there
are some issues that interfere with SAF from useful bio-
markers for diabetic complications. SAF increases with
aging 'V, duration of diabetes ¥, and renal dysfunction ¥,
The age and duration of diabetes are also strong deter-
minants of diabetic complications, and chronic kidney
disease (CKD) is an established risk factor for athero-
sclerotic cardiovascular disease (ASCVD)'¥. Therefore,
careful analysis is required when assessing the clinical
importance of SAF in consideration of confounding fac-
tors. Moreover, many reports on SAF target patients
with type 1 diabetes with a simple background ¥, and
glucose toxicity is easy to detect. Patients with type 2
diabetes have more complex backgrounds and treatments
than patients with type 1 diabetes. Therefore, the clinical
importance of SAF in type 1 diabetes cannot be easily
applied to type 2 diabetes. This study investigated the
association between SAF and diabetic complications af-
ter adjusting for age, duration of diabetes, and estimated
glomerular filtration rate (eGFR) in a large number of
patients with type 2 diabetes.

IL Methods «..ooovniii e

Patients with type 2 diabetes (n = 1130) was examined
who were a participant in the “VINA” cohort study to in-
vestigate the prognosis of diabetic patients at Ebina Gen-
eral Hospital. The clinical characteristics of the subjects
are shown in Table 1. Nineteen percent patients were in-
sulin users and 4% were glucagon-like peptide-1 receptor
agonists (GLP-1RA) users. Most subjects were treated
with the following oral anti-diabetes drugs (OADs) alone
or in combination: a sulfonylurea (n = 344), metformin
(n = 546), pioglitazone (n = 63), dipeptidyl peptidase
(DPP) -4 inhibitor (n=756), sodium-glucose cotrans-
porter (SGLT)-2 inhibitor (n=275), and a-glucosidase
inhibitor (n = 111). The majority of hypertensive pa-
tients (n = 662) used antihypertensive drugs such as
calcium channel blockers, angiotensin II receptor block-

ers, diuretics, or beta blockers alone or in combination.
Subjects with hyperlipidemia were treated with statins (n
= 625), ezetimibe (n = 77), fibrates (n = 82), or ome-
ga-3 fatty acids (n = 41) alone or in combination (total
n = 718). All patients were taught an appropriate diet
proposed by the Japan Diabetes Foundation by a dietitian.
Diagnosis of diabetic complications

Diabetic retinopathy was diagnosed by the ophthal-
mologists. DKD 1is generally diagnosed by urinary albu-
min-creatinine ratio (UACR) >30 mg/g, and eGFR <60
mL/min/1.73 m2 [16]. However, eGFR is a central com-
ponent of DKD and a strong confounder of SAF as well.
For these reasons, a duration of diabetes of 5 years or
more and the presence of diabetic retinopathy were add-
ed to UACR> 30 mg/g and eGFR < 60 mL/min / 1.73 m?
to eliminate non-diabetic kidney dysfunction. The VINA
cohort excluded patients undergoing dialysis. Coronary
artery disease (CAD) such as myocardial infarction, sta-
ble angina, and unstable angina was diagnosed by a cardi-
ologist. Peripheral artery disease (PAD) was simply di-
agnosed by ankle-brachial pressure index (ABI) = 0.9 17
in 764 subjects who were underwent ABI measurement.
Stroke was diagnosed by a specialist in neurology or neu-
rosurgery. This includes lacuna infarction, atherosclerotic
thrombosis, cardiogenic thrombosis, and cerebral hemor-
rhage.

Measurements

SAF was measured non-invasively by placing the ven-
tral site of the forearm on the AGE-Reader (Selista
Inc. Tokyo) ., and expressed arbitrary units (AU). The
principle of this method was full described elsewhere 7.
Theoretically, there is no difference between the left arm
and the right arm, and simultaneous reproducibility has
been reported to be within 5%. The ankle-brachial pres-
sure index (ABI) was measured using a volume-plethys-
mographic apparatus (form PWV/ABI; OMRON Health
Care, Co., Ltd., Kyoto, Japan). Serum samples were tak-
en in the morning after overnight fasting. C-peptide was
measured by the ELISA method. High sensitive (hs)-
CRP, brain natriuretic peptide (BNP) and serum albu-
min were measured by commercially available test Kkits.
Albumin in urine was corrected by urinary creatinine and
represented as UACR. Visceral fat area (VFA) and sub-
cutaneous fat area (SFA) were measured using CT scan
(Fat scan program, Fujifilm, Tokyo) in 510 subjects who
accepted fat mass measurements.

The study complied with the principal of the Declaration
of Helsinki. The study was detailed to all subjects who
consented to participate, and a written informed consent
form was obtained from all participants prior to the study.
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This study was approved by the Ethics Committee of
Ebina General Hospital (n0115,2019).
Statistics.

Categorical variables were expressed as number and
percentage of subjects or as mode and range. Continuous
variables were expressed as mean =+ standard deviation
(SD) or as median with interquartile range (IQR). The
p trend was estimated by Cochran-Armitage trend test
for categorical variables or Jonckheere-Terpstra trend
test for continuous variables. Jonckheere-Terpstra trend
test was performed with EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan, version 1.54)'®
Correlations between continuous variables were eval-
uated with Pearson’s simple correlation analysis, and
correlations between categorical variables and continu-
ous variables were evaluated by the logistic analysis. For
non-normally distributed variables, logarithmic trans-
formation was performed before linear regression. The
relationship between each diabetic complication and SAE
age, duration of diabetes, or eGFR was determined by
logistic analysis and expressed ay?value. Multiple logistic
analyzes were performed for diabetic complications as
SAF age, duration of diabetes, and eGFR were explan-
atory variables. Multivariate regression analyzes were
performed for log-UACR, albumin, uric acids, BNP, and
HbA1lc as SAFE age, duration of diabetes, and eGFR were
explanatory variables. P-value less than 0.05 was consid-
ered statistically significant. Analyses were performed
using JMP software version 15 (SAS Institute, Cary, NC,
USA).

L REeSUItS. ..ottt e

Figure 1 depicts the correlation between SAF and age,
duration of diabetes, and eGFR. SAF was significantly
correlated with these parameters. The correlation coef-
ficient was similar for age and eGFR, but the correlation
for the duration of diabetes was weaker than others

45 r=0.235 : 45
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Table 1 shows the characteristics and measurements
of subjects stratified by the SAF quartiles (Q1, Q2, Q3,
and Q4) . Mean value of SAF in total subjects (n = 1,130)
was 2.36 AU (range, 1.2-4.6, SD = 0.49). Subjects with
SAFs of 2.0 and 2.3 were classified as Q2, and 2.7 was as
Q3 because several subjects had the same SAF values
at the split points. Then, the numbers in the four groups
were not equal. As the quartile increased, so did the age.
The duration of diabetes was longer in Q2, Q3, and Q4
than in Q1. As the quartile increased, eGFR decreased
significantly. The proportion of men increased slightly,
and the body mass index (BMI) decreased as the quartile
increased. Current smokers and habitual drinkers were
similar between groups. The prevalence of CAD, stroke,
diabetic retinopathy, and DKD in total subjects was 11,
8, 25, and 10%, respectively. The prevalence of CAD,
stroke, diabetic retinopathy, and DKD increased with
increasing quartiles. The prevalence of PAD, defined as
having an ABI of equal or less than 0.9, increased with
higher quartiles. The number of insulin and sulfonylurea
users increased with the quartile. There was no signifi-
cant difference in the number of use of oral anti-diabetes
drugs (OAD) between the quartiles. The number of anti-
hypertensive drugs was higher with the quartile. There
was no significant difference in the number of statin us-
ers between the quartiles.

Table 2 shows the clinical measurements of subjects
stratified by the SAF quartiles. VFA and SFA were not
significantly changed among quartiles. Systolic blood
pressure (SBP) was similar, but diastolic blood pressure
(DBP) was lower with higher quartiles. As the quartile
increased, UACR and uric acid increased, but serum albu-
min did not. High sensitivity (hs) -CRP was comparable,
but white blood cells (WBC) and BNP increased with
quartiles. As the quartile increased, ALT decreased but
yGT did not. HbAlc increased with increasing quartiles,
but C-peptide and glucose were comparable. Serum tri-
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Figure 1 Correlations between skin autofluorescence (SAF) (arbitrary units), age (years), duration of diabetes (years),
or eGFR (mL / min/ 1.73 m? in 1130 patients with type 2 diabetes. SAF = 1.6570217 + 0.0105198 X Age, 2.2753903 +
0.0059212 X Diabetes duration, and 2.7624938 - 0.0056147 X eGFR
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Table 1 Clinical characteristics of subjects stratified by SAF quartile
SAF quartile (Q)

o Q1{12-1.9} Q2{2.0-2.3} Q3{24-27} Q4{2.846} ptrend
n (male/female) 1130(726/404) 230 (149/81) 372 (210/162) 304 (209/95) 224 (158/66)
% male 64 65 56 69 71 0.0140
Age,y 67(11) 63(11) 66(11) 68(10) 70(10) <0.0001
Diabetes duration, y 14(8) 12(8) 15(8) 15(9) 15(8) 0.0002
eGFR, mL/min/1.73 m? 72(20.3) 76.0(18.0) 74.6(20.9) 69.3(20.3) 65.1(21.6) <0.0001
BMI, kg/m? 25(4) 26 (4) 25(4) 24(4) 25(4) 0.0051
Current smoker, n (%) 221(20) 42(18) 61(16) 66(22) 52(23) ns
Habitual drinker, n (%) 435 (39) 90(39) 133 (36) 129 (42) 83(37) ns
CAD, n (%) 128(11) 17(7) 41(11) 36(12) 34(15) 0.0108
Stroke, n (%) 86(8) 7(3) 18(5) 26(9) 35(16) <0.0001
Retinopathy, n (%) 284 (25) 41(18) 83(22) 86(28) 74(33) <0.0001
DKD* n (%) 110(10) 15(7) 25(7) 35(12) 35(16) 0.0001
PAD, n (%) 27(4) 1(0.6) 4(1.6) 12(5.9) 10 (6.4) 0.0005
Insulin n (%) 224(20) 37(16) 63(17) 68(22) 56 (25) 0.0056
GLP-1RA, n(%) 47(4) 1(0) 22 (6) 12(4) 12(5) ns
Sulfonylurea , n (%) 344(30) 43(19) 121(33) 99(33) 81(36) 0.0002
Number of OADs 1.8(1.2) 1.7(1.2) 1.8(1.2) 1.9(1.3) 1.9(1.2) ns
Number of antihypertensive drugs 1.0(1.D) 0.9(1.0) 1.0(1.0) 1.0(1.0) 1.3(1.1) <0.0001
Statins, n (%) 625 (55) 136 (59) 205 (55) 158 (52) 126 (56) ns

# median [IQR], n (%), mean (SD), or mode {range}, The p trend was estimated by Cochran-Armitage trend test for categorical
variables or Jonckheere-Terpstra trend test for continuous variables.

Diabetic kidney disease (DKD) * is defined as eGFR<60, mico-or macroalbuminuria, presense of retinopathy, and the duration of
diabetes over 5 years.

Peripheral artery disease (PAD) is diagnosed by ABI = 0.9 in 764 subjects who were underwent ABI measurement.

SAF =skin autofluorescence, GLP-1RA=glucagon-like peptide-1 receptor agonists, SU=sulfonyluria, OAD=oral anti-diabetes drugs,
ns=not significant

Table 2 Clinical measurements of subjects stratified by SAF quartile
SAF quartile (Q)

Total Q1{12-1.9}  Q2{2.023}  Q3{2427  Q4{2846} ptrend
VFA, m? 156 (76) 168 (79) 147(73) 156 (78) 161 (74) ns
SFA, m? 158(79) 168 (82) 159 (80) 157(79) 147(72) ns
SBP, mmHg 132 (14) 131(14) 132(14) 131(14) 132(15) ns
DBP, mmHg 77(11) 79(11) 78(12) 77(12) 75(12) 0.0002
UACR, mg/cr. g 16.5[7-58.5] 12.0[5.7-28.2] 15.2[6.9.0-51.5] 17.4[6.7-66.6] 28.4[10.2-145.4] <0.0001
Serum albumin, g/dL 4.4(0.3) 4.4(0.4) 4.3(0.3) 4.4(0.3) 4.3(0.4) ns
Uric acid, mg/dL 5.4(0.1) 5.2(0.1) 5.3(0.1) 5.4(0.1) 5.6(0.1) 0.0003
Hs-CRP, mg/dL 0.06[0.03-0.14]  0.06[0.02-0.11] 0.06[0.03-0.14]  0.06[0.03-0.14]  0.06[0.03-0.15] ns
WBC/uL 6634 (1773) 6554 (1696) 6500 (1629) 6657 (1897) 6908 (1886) 0.0271
BNP, pg/mL 11.7[5.8-24.6] 9.3[5.8-21.7] 11.2[5.8-24.1] 12.2[6.1-28.1] 13.2[6.8-24.9] 0.0012
ALT ,U/L 21[15-30] 23[17-34] 21[15-33] 19[15-27] 20[15-28] 0.0001
v-GT, U/L 25[17-42] 25[18-39] 27(17-47] 25[17-41] 24[18-39] ns
HbAlc, % 7.4(0.9) 7.2(0.8) 7.4(0.9) 7.4(0.8) 7.5(0.9) 0.0097
Fasting glucose, mg/dL 150 (38) 145(32) 149 (34) 151 (40) 154 (48) ns
C-peptide, ng/mL 1.3[0.9-1.9] 1.3[0.8-1.8] 1.3[0.9-1.9] 1.3[0.8-1.9] 1.4[0.9-2.0] ns
Triglycerides, mg/dL 105[76-150] 102[72-152] 106[76-148] 106[78-153] 106[76-153] ns
HDL-cholesterol, mg/dL 54(14) 55(15) 55(14) 53(13) 53(14) ns
LDL-cholesterol, mg/dL 102 (24) 104 (23) 102 (45) 101(26) 102(1.9) ns

median [IQR], mean (SD), or mode {range}. The p trend was estimated by Cochran-Armitage trend test for categorical variables or
Jonckheere-Terpstra trend test for continuous variables.

SBP=systric blood pressure, VFA=visceral fat area (n=510) , SFA=subctanous fat area (n=510), UACR=urinary albumin-
creatinine ratio,

BNP=brain natriuretic peptide, ALT =alanine amino transferase, WBC=white blood cell
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glycerides, LDL-cholesterol (C), and HDL-C were com-
parable between the quartiles.

Table 3 shows the odds ratio (OR) and 95% confidence
interval (CI) of the prevalence of major diabetic compli-
cations of SAF-Q2-4 with reference to Q1. In Q3 and Q4,
the OR of diabetic retinopathy was 1.81 times and 2.27
times higher than in Q1, respectively. Q3 and Q4 showed
2.97 and 5.89 times higher OR of stroke than Q1, respec-
tively. These trends remained the same after adjusting
for age, duration of diabetes, and eGFR. The OR of DKD
in Q4 was 2.65 times that of Q1. This trend remained the

same after adjusting for age and duration of diabetes. The
OR of CAD for Q4 was 2.24 times that for Q1, but after
adjusting for age, duration of diabetes, and eGFR, this
high OR was no longer significant. The OR of PAD in Q3
and Q4 was 9.51 and 10.4 times that of Q1, respectively,
but these high ORs were not significant after adjusting
for age, duration of diabetes, and eGFR.

Table 4 shows correlations of SAE, eGFR, age, or dura-
tion of diabetes with diabetic complications and clinical
measurements. SAE eGFR, age, and duration of diabetes
were significantly correlated with each other. SAF was

Table 3 The odds ratio (OR) and 95% confidence interval (CI) of the prevalence of major diabetic complications

of SAF quartile (Q) 2,3, and4 with reference to Q1.

Q2 vs. Q1 Q3 vs. Q1 Q4 vs. Q1
ORO5%CD  ”  OR (95%CD) v OR (95%CI) Y
Retinopathy 1. 32(0.87-2.00) ns 1.81 (1.19-2.76) 0.0052 2.27 (1.46-3.35) 0.0002
DKD 1.03(0.53-2.00) ns 1.86(0.99-3.50) ns 2.65(1.40-5.01) 0.0026
Stroke 1.61 (0.66-3.94) ns 2.97 (1,26-6.99) 0.0121  5.89 (2.56-13.58)  <.00001
CAD 1.55(0.85-2.80) ns 1.68 (0.91-3.07) ns 2.24 (1.21-4.14) 0.01
PAD 2.46(0.27-22,28) ns  9.51 (1.22-73.96)  0.0313  10.40 (1.31-82.32)  0.0264
Adjusted for age, duration of diabetes, and eGFR
Retinopathy 1.21 (0.78-1.85) ns 1.65 (1.07-2.55) 0.0224 1.98 (1.25-3.14) 0.0032
DKD 0.88(0.45-1.73) ns 1.53 (0.80-2.92) ns 2.08 (1.08-4.00) 0.0246
Stroke 1.50 (0.61-3.67) ns 2.43 (1.02-5.77) 0.0435  4.46 (1.90-10.45) 0.0006
CAD 1.35 (0.74-2.47) ns 1.32(0.71-2.45) ns 1.55 (0.82-2.94) ns
PAD 1.97 (0.21-18.02) ns  6.45 (0.81-50.97) ns 5.97 (0.73-48.75) ns

SAF =skin autofluorescence, DKD=diabetic kidney disease, CAD=coronary artery disease, PAD=peripheral artery disease
Peripheral artery disease (PAD) is diagnosed by ABI = 0.9 in 764 subjects . ns=not significant

Table 4 Correlations of SAE, eGFR, age, or duration of diabetes with diabetic complications and clinical measurements

univariate SAF eGFR Age Diabetes duration .. SAF
(it 2 » 2 » 2 » 2 » multivariate 2 »
CAD 9.44 0.0021 28.1 <0.0001 12.1 0.0005 20.8 <0.001 CAD 2.4 ns
PAD 6.61 0.0101 15.2 <0.0001 7.92 0.0049 5 0.025 PAD 1.9 ns
Stroke 25.1  <0.0001 16.4 <0.0001 20.1 <0.0001 0 ns Stroke 14.2 0.0002
Retinopathy  16.7  <0.0001 12.3 0.0004 1.77 ns 46.3  <0.0001  Retinopathy  10.9 0.0009
DKD 169 <0.0001 221 <0.0001 16 <0.0001 20.3  <0.0001 *DKD 11.3 0.0008
Zﬁzggate 7 b 7 J) r J) r J) *multivariate B b
Age 0.2283 <0.0001 -0.4675 <0.0001 0.2948 <0.0001 log-UACR  0.1445 <0.0001
DIabeles 01023 0.0255 01709 <0.0001 02955 <0.0001 Albumin  0.1138  0.0002
eGFR 0.1694 <0.0001 -0.4675 <0.0001 -0.1709 <0.0001 Uric acid 0.0707  0.0141
log-UACR  0.2242 <0.0001 -0.1793 <0.0001 0.1733 0.0001 0.1079 0.0184 BNP 0.0615  0.0375
Albumin -0.1905 <0.0001 0.1828 <0.0001 -0.2005 <0.0001 -0.1049 0.0004 HbAlc 0.1064  0.0004
Uric acid 0.1772  0.0001  -0.3209 <0.0001 0.0003 ns -0.0436 ns

BNP 0.147  0.0013 -0.2526 <0.0001 0.2474 <0.0001 0.0141 ns

HbAlc 0.071  0.0099  0.1122  0.0002  -0.0548 ns 0.1536  <0.0001

Correlations between continuous variables were evaluated with Pearson’s simple correlation analysis,

and correlations between categorical variables and continuous variables were evaluated by the logistic analysis.

SAF =skin autofluorescence, DKD =diabetic kidney disease, CAD =coronary artery disease, PAD=peripheral artery disease,
UACR=urinary albumin-creatinine ratio, BNP=brain natriuretic peptide, ns=not significant

#Multivariate analysis was performed after adjustment for age, diabetes duration, and eGFR.

* adjusted for age and diabetes duration. B is a standard coefficient.
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Table 5 Multivariate logistic analysis of SAF or HbAlc with diabetic complications

multivariate E) Lil

X2 P x2 p
CAD 8.4 0.0038 8.6 0.0032
PAD 6.9 0.0084 0.4 ns
Stroke 27.1 <0.0001 2.7 ns
Retinopathy 14.6 0.0001 13.3 0.0003
DKD 17.3 <0.0001 0.1 ns

SAF and HbAlc are independent variables for each diabetic complications.

significantly associated with the prevalence of CAD,
PAD, stroke, diabetic retinopathy, and DKD. eGFR was
also associated with these diabetic complications. Age
was associated with all diabetic complications except ret-
inopathy. The duration of diabetes was associated with all
diabetic complications except stroke. SAF was correlat-
ed with log-UACR, low serum albumin, uric acid, BNP,
and HbAlc. Like SAE eGFR showed a similar correlation
with these variables. Age was correlated with UACR,
low serum albumin, and BNP, but not with uric acid and
HbA1lc. The duration of diabetes was only correlated with
low serum albumin and HbAlc. Multivariate analysis was
performed after adjustment for age, diabetes duration,
and eGFR. SAF maintained a significant association with
retinopathy and stroke, but lost association with CAD
and PAD. Since the diagnosis of DKD includes eGFR,
eGFR was removed from the explanatory variables of
DKD. SAF was significantly associated with the strictly
defined DKD regardless of age or duration of diabetes.
SAF maintained a significant correlation with UACR, low
serum albumin, uric acid, BNP, and HbAlc regardless of
age, duration of diabetes, and eGFR.

Table 5 shows the multivariate logistic analysis of SAF
or HbAlc and diabetic complications. SAF was signifi-
cantly associated with all diabetic complications, while
HbAlc was associated only with CAD and diabetic reti-
nopathy.

IV. Discussion

There are many cross-sectional studies ¥V and pro-
spective studies ¥?” showing that SAF is associated
with microvascular and macrovascular complications
in subjects with type 2 diabetes. The current study is
unique in that it examined the relationship between SAF
and diabetic complications, taking into account eGFR and
diabetes duration, which are particularly important but
often ignored confounding factors. It is not surprising
that the prevalence of diabetic complications is higher in
patients with longer duration of diabetes, a lower renal
function; therefore, the importance of SAF measurement
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can only be clarified beyond these factors. Wang et al 2
reported that SAF is an independent marker for diabetic
retinopathy, DKD, cardiovascular disease, and diabetic
peripheral neuropathy. Osawa et al ?” reported that SAF
is significantly increased in patients with diabetic reti-
nopathy, neuropathy, nephropathy, and macroangiopathy
than in those without them, and significantly associated
with the number of diabetic complications. Indeed, these
studies employed eGFR and duration of diabetes as con-
founding factors. The major difference of the present
study and these studies are definition of DKD and han-
dling of macroangiopathy. These studies defined DKD in
terms of eGFR and albuminuria, and thus include kidney
dysfunction not attributable to diabetes. We included a
history of long-term diabetes and diabetic retinopathy in
the definition of DKD to exclude non-diabetic renal dys-
function. While these studies dealt with macroangiopathy
as a whole, the present study examines the relationship
between SAF and the prevalence of CAD, PAD, and
stroke separately. It well recognized that SAF correlates
with age, then some studies adopted age-corrected SAF
values such as the SAFz score 2. However, the correla-
tion between SAF and age is mild (r = 0.235), and the
slope is very gentle (Figure 1). Therefore, uniform age
correction may lead to an underestimation of the impact
of SAF on outcomes, especially in the elderly.
Retinopathy is a typical diabetic complication and its
onset is highly dependent on the duration and degree of
hyperglycemia. Therefore, it is not surprising that pa-
tients with diabetic retinopathy have high levels of SAF
as earlier studies have shown. Hence SAF would not be
accepted as a good biomarker for retinopathy unless its
association with retinopathy exceeds current glycemic
control and the duration of diabetes. In addition, frequent
coexistence of DKD might be primary cause for increase
SAF in patients with retinopathy. Indeed, some reports
have failed to demonstrate an association between SAF
and diabetic retinopathy ', suggesting that SAF does
not fully represent glucose toxicity to the retina, or con-
founding factors unfairly weaken the association between
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diabetic retinopathy and SAFE. SAF is significantly elevat-
ed in patients with end-stage kidney disease, regardless
of diabetes ?. eGFR is a standard indicator of kidney
function, a component of the diagnosis of DKD, and well
known regulator of SAE High SAF levels in DKD may
merely be the result of defects in AGE removal through
the kidney ?¥. Therefore, this study adopted a strict DKD
definition including prolonged diabetes duration and the
presence of diabetic retinopathy. Subjects who met this
DKD definition had significantly higher SAF values, and
SAF was significantly correlated with albuminuria in-
dependent of eGFR. These results suggest that SAF is
causally associated with DKD beyond its impaired clear-
ance.

We did not find an association between SAF and metabolic
syndrome-related risk factors. This may in part explain why
SAF is not significantly associated with CAD in the present
study. PAD is another typical diabetic macroangiopathy. The
current study used a simple definition of PAD, ABI = 0.9.
Therefore, the number of subjects undergoing ABI mea-
surements was limited and some PAD patients may be
excluded by this crude definition. Nevertheless, after ad-
justing for confounding factors, no close association was
found between SAF and PAD. De Vos, et al * reported
that SAF predicts amputation in patients with PAD.
Therefore, SAF may be involved in the exacerbation of
PAD, but its causal relationship with PAD remains un-
clear. Unlike CAD and PAD, SAF was closely associated
with stroke, regardless of age, renal function, and dura-
tion of diabetes. It's unclear why SAF is a good biomarker
for stroke rather than CAD or PAD. A possible reason
is that AGEs preferentially accumulate in small blood
vessels over large ones. Because the cerebral arteries
are much smaller than the coronary and femoral arteries,
lipid-rich plaques could not fully develop into the thin
vessel walls. This may relatively increase the pathologi-
cal impact of AGE on vascular lesions compared to other
cardiometabolic risk factors.

Conclusions

SAF is affected by age, duration of diabetes, and kidney
function, and these confounding factors also affect diabet-
ic complications. Therefore, careful analysis is required
when assessing the clinical significance of SAF itself.
Nevertheless, SAF was an excellent biomarker for dia-
betic retinopathy, strictly defined DKD, and stroke.
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