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INTRODUCTION

Diabetes mellitus (DM) is a major health issue globally. The
incidence and prevalence of DM are increasing annually.
DM as a serious, longstanding disorder displays a major
influence on the quality of life and well-being of affected
people, families, and societies all over the world. It is
estimated to be one of the top 10 causes of death in adults.
(131 Excess tissue glucose reacts with macromolecules such
as nucleic acids, lipids, and proteins nonenzymatically,
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as a consequence, heterogeneous advanced glycation
end products (AGE) would be produced. Thus, such
irreversible alteration in macromolecule structures
will impair their function. Although these reactions
may occur under favorable conditions such as aging
or smoking, serious oxidative stress disorders such as
DM can accelerate tissue AGE accumulation. Even in
conditions of prepubertal diabetes, AGE was increased
in association with hyperglycemia.® Specific AGE shows
intrinsic fluorescence potency. Compared to plasma
AGE, the measurement of skin autofluorescence (SAF)
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level by an AGE reader reflects tissue AGE more accurately.
Accordingly, a strong relationship was found between
SAF measurement and AGE accumulation by skin
biopsy, glycated hemoglobin (HbAlc), or several diabetic
complications.l?! Increased tissue AGE in body organs
causes various pathologies that lead to organ dysfunction
and complications. In our previous meta-analysis study, we
obtained that higher SAF measurements were significantly
associated with several diabetic complications, such as
retinopathy, nephropathy, and neuropathy.® Similarly, a
recent meta-analysis study demonstrated that SAF as anovel
technology can successfully evaluate the risk of diabetic foot
ulcers. In addition, in a study, the authors suggested SAF
measurement as a noninvasive technology for the detection
of DM and individuals with impaired fasting glucose.”
There are limited and discrete data comparing SAF levels
in DM patients with nondiabetic individuals. Therefore,
we aimed to design a systematic review and meta-analysis
study of case-controls to validate tissue AGE measured by
SAF in confirmed DM patients. This could be helpful to put
a special concern on SAF level as a noninvasive, simple,
and inexpensive method probably for earlier detection of
DM cases or risk of DM complications and prevent them
as possible.

METHODS

This systematic review and meta-analysis study was
performed by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.®! This
survey was exempted from review by the institutional
review board for its harmlessness.

Literature research

We searched the PubMed, Cochrane, and Scopus databases
from their inception till September 18, 2022, for all English
language case—control studies measuring AGE by SAF in
diabetes and nondiabetes populations. Thus, we used the
following key terms “Diabetes Mellitus,” “Diabetes,” “DM,”
“Advanced Glycation End product,” “glycation,” “AGE,”
“skin auto fluorescence,” and “SAF,” to identify all related
articles without restrictions. In addition, we reviewed the
reference of review articles as well as included articles to
include a further eligible study that was not identified
through initial searching.

Study inclusion and exclusion criteria

Studies were included if they were (1) cross-sectional case
controls, (2) including confirmed DM patients, (3) including
nondiabetic populations as controls, and (4) measuring AGE
via SAF of the body forearm area.

Exclusion criteria were (1) measuring AGE using other
modalities or from body sites other than forearm; (2) review

| 2023 |

articles, study proposals, editorials, case reports, or congress
posters; and (3) nonhuman studies.

Two authors independently evaluated the title, abstracts,
or full articles for eligibility. Any disagreement was fixed
by the judgment of the third author. In the case of studies
arising from the same center with an overlap in participating
patients, we included studies with larger populations.

Data extraction

If available, the following details were extracted: first author
name, publication year, the country where the study was
performed, the sample size for each group either diabetes or
nondiabetes controls, participants’ age, gender, body mass
index (BMI), HbAlc level, and SAF (AU).

Quality assessment and potential bias

Two authors independently scored the strength of each
article using the Newcastle-Ottawa Quality Assessment
Scale for the case—control studies.®’ The selection,
comparability, and outcome items were scored for
each article. They were blind to study authors’ names,
publication years, and country. Any disagreement was
resolved by the judgment of the third author or discussion
between authors.

Statistical analysis

We used the mean difference (MD) with a 95% confidence
interval to evaluate the difference in SAF as well as
HbAlc, age, and BMI between diabetes and controls.
A random-effects model was adopted to show the
pooled MD and reported the results as forest plots. The
heterogeneity among articles was assessed by Cochrane’s
Q statistics which was expressed as the percentage of I°.
Significant heterogeneity was considered in the case of
I>75% and P < 0.05. Funnel plots, as well as Egger’s test,
were used for exploring publication bias. We performed
the sensitivity analysis by removing the included studies
one by one and evaluated their impact on the final results
of the meta-analysis. A funnel plot as a visual tool shows
the publication bias. If there is no publication bias, a
funnel plot denotes scatterplots as an inverted funnel.
Unlikely, an asymmetric funnel plot directs the presence of
publication bias. In addition, the Egger’s test with a value
of P <0.05 indicates the presence of a publication bias. All
the meta-analyses were performed with STATA statistical
software, version 16 (StataCorp 2019, College Station, TX,
USA).

RESULTS

Studies characteristics
A total of 1136 records were identified through initial
database searching. After removing duplicated and
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irrelevant articles a total of 375 studies were screened.
Finally, 33 case—control studies were included in this
study.l'™#! Figure 1 shows the PRISMA flowchart for
this systematic review and meta-analysis. The included
studies were published between 2006 and 2022 years.
The Newcastle-Ottawa Scale (NOS) of all the included
studies were measured by more than 7 scores, declaring
that all of them were of high quality. They were conducted
mainly in Europe (19 studies), Asia (8 articles), Australia (4
studies), and the continental USA (2 studies). The study
characteristics are shown in Table 1.

Meta-analysis

Features of diabetes

In this meta-analysis, 33 papers with significantly
heterogeneous DM patients were analyzed.

Comparison between skin autofluorescence and other
variants between diabetes mellitus and controls
Considering significant between-study heterogeneity
(I*=97.06%, P < 0.001), a random-effects model showed
a remarkable difference between the DM cohort
group mean ages and controls (MD = 3.02 [1.58-4.46],
P <0.001) [Figure 2a]. The mean age of diabetes participants
was greater than controls.

The incorporating result of 29 primary studies was
analyzed to compare the mean of men’s proportion in
two groups (case and control). The pooled estimation
of MD of men’s proportion was equal to 0.08 with 95%
confidence interval (0.07, 0.09). Since Q = 8269.98 (P <0.001)
and ?=99.69%, primary studies are heterogeneous and
a random-effects model based on DerSimonian-Laird
method was used. The test of pooled effect size (MD men’s

Vs

proportion) compared to zero shows a significant difference
between the two groups (the mean of men’s proportion
in the case group is significantly more than the control
group) (Z=18.49, P <0.001) [Figure 2b].

A statistically significant difference was calculated in
BMI between diabetes and nondiabetes participants
(?=89.7%, P <0.001, MD = 2.46 [1.95-2.97], P < 0.001); this
result indicates that the mean of BMI in the case group is
significantly more than the control group [Figure 2c].

Compeared to the controls, the blood samples of DM patients
represent significantly higher levels of HbAlc (I?=98.91%,
P <0.001, MD = 2.28 [1.91-2.66], P < 0.001) [Figure 2d].
Similarly, AGE measurements by SAF in diabetes were
remarkably higher compared to controls (I*=96.29%,
P <0.001, 0.4 [0.34-0.47], P < 0.001) [Figure 2e]. Therefore,
the mean SAF as well as HBAlc was greater in the diabetes
group comparing to nondiabetes controls.

Sensitivity analysis and publication bias

The sensitivity analysis exhibited that by removing
one study, the estimated standard MD would remain
unchanged indicating that no single study potentially
impacted the meta-analysis results. For this re-analysis,
we following NOS criteria removed articles with a higher
risk of bias first. Besides, the weight of every single
study in every figure denotes the influence of the study
in the meta-analysis. Egger’s test as well as the visual
funnel plot test showed that publication bias was not
detected when comparing age (beta = 1.02, P = 0.263),
gender (beta = 1.56, P = 0.636), and SAF (beta = 0.50,
P = 0.682) between diabetes and nondiabetes
[Supplementary Figure la-c].

» Records identified through database searching (n = 905)
PubMed (n = 887) Cochrane (n = 18)

» Records screened (n = 245)
[Duplicate records and irrelevant articles were removed (n = 660)]

~

» Records that were removed after the title and abstract and
full body review (n = 212)

 Rcords that were not case-controls, articles that were performed
in the same centere including dupicated participants, records that
measured SAF on body sites other than forarms and studies that
did not measured the required outcoms were not included.

~

* Articles included in systematic review (n = 33)
« Articles included in Meta-analysis (n = 33)

Identification

\ J
>
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>/'
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4 N
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Figure 1: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart in this study. SAF: Skin autofluorescence
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Case Control Mean Difference of Age  Weight
Study N  Mean SD N Mean SD with 95% CI (%)
Lutgers, 2006 973 66 11 231 52 17 B 14.00 [ 12.22, 15.78] 3.43
Meerwaldt, 2007 69 61 13 43 53 16 —— 8.00[ 2.58, 13.42] 2.39
Samborski, 2011 140 304 9.7 57 274 5.4 - 3.30[ 0.63, 5.97] 3.22
Januszewski, 2011 69 3647 4.02 60 36 13 0.47[ -2.76, 3.70] 3.06
Sugisawa, 2013 241 367 105 110 36 9.4 _‘: 0.70 [ -1.59, 2.99] 3:32
Skrha Jr, 2013 88 52.14 5.46 20 45 30.39 —— 7.14[ 0.45, 13.83] 2.03
Hirano, 2014 138 63.7 122 111 622 154 1.50 [ -1.93, 4.93] 3.00
Llaurado, 2014 68 353 10.1 68 354 10.2 -0.10 [ -3.51, 3.31] 3.01
Moran, 2014 285 67.5 6.9 201 734 6.9 -5.90 [ -7.15, -4.65] 3.53
de Jonge, 2015 48 36.45 5.57 44 36.42 4.8 0.03[ -2.10, 2.16] 3.35
bakker, 2015 25 55 15 25 49 9 6.00 [ -0.86, 12.86] 1.99
Sebekovd, 2015 276 65 134 121 586 15.1 6.40[ 3.42, 9.38] 3.13
Yasuda, 2015 67 61 89 67 60.74 9.03 0.26 [ -2.78, 3.30] 3.12
Furst, 2016 16 65.4 24 19 65.6 1.2 -0.20 [ -1.43, 1.03] 3.53
van Waateringe, 2016 314 59 11 8,695 49 11 10.00[ 8.76, 11.24] 3.53
Cho, 2016 135 15.6 2.1 40 154 4.4 0.20[ -0.78, 1.18] 3.56
van der Heyden, 2016 77 153 .56 118 144 .38 090[ 0.77, 1.03] 3.62
Kouidrat, 2016 86 50 16 54 50 11 0.00 [ -4.86, 4.86] 2.56
Gandecka, 2017 404 41 9.5 84 40 9.5 1.00[ -1.23, 3.23] 3.33
Fokkens, 2017 31 64 7.6 62 63 8.1 1.00 [ -2.42, 4.42] 3.01
Li, 2017 362 50.5 8.3 100 508 9.5 -0.30[ -2.20, 1.60] 3.41
Osawa, 2017 105 374 124 23 347 6.2 270 -2.52, 7.92] 2.45
Osawa, 2018 193 611 123 24 403 7.8 —— 20.80 [ 15.75, 25.85] 2.50
Yoshioka, 2018 162 612 112 42 538 13 740 3.47, 11.33] 2.85
Fokkens, 2018 1,042 55 12 78,206 44 12 11.00 [ 10.27, 11.73] 3.59
Dimova, 2019 17 48 8.5 35 455 141 250 -4.79, 9.79] 1.88
Chen, 2019 182 62.19 6.07 2206 61.11 6.02 1.08[ 0.17, 1.99] 357

Depczynski, 2020 64 715 2592 175 70 10.37
Dybjer, 2020 548 73 53 2453 72 5.7
Samakkarnthai, 2020 171 688 7.6 108 67.3 8.8
Yavuz, 2021 237 562 119 100 548 8.8
Planas, 2021 156 65.57 6.24 52 659 6.34
Skrha, 2022 43 52 17 26 51 14

150[ -3.09, 6.09]  2.64
1.00[ 048, 1.52]  3.60
150 [ -0.45, 3.45]  3.40
140[ -1.19, 3.99] 3.4
-0.33[ -2.30, 1.64]  3.39
1.00[ -6.76, 8.76] 176
Overall
Heterogeneity: T = 14.89, I’ = 97.60%, H' = 41.66
Test of 8, = 02 Q(32) = 1333.19, p = 0.00
Testof8=0:z=4.11,p =0.00

3.02[ 158, 4.46)

20 30
Random-effects DerSimonian-Laird model E

Figure 2: Forest plot for mean difference of age (a), Male gender (b), Body mass index (c), HbA1c (d), and Skin autofluorescence (e) between diabetes mellitus and
nondiabetes groups. 95% confidence interval (Cl), 95% CI; P denotes the quantity of heterogeneity (between 0 and 100%). T2 represents the inter-study variance.
H: Heterogeneity. P is the P-value of the heterogeneity test. Cl: Confidence interval, SD: Standard deviation, MD: Mean difference

On the other hand, a small publication bias was yielded when DISCUSSION

assessing HbAlc (beta=2.77, P=0.047) and SAF in diabetes

compared to nondiabetes [Supplementary Figure 1d].  Our results in this meta-analysis support the evidence of
In addition, Funnel plot and Egger’s test (beta = 1.92,  higher SAF in DM patients indicating more accumulation of
P = 0.017) indicated publication bias while evaluating  AGE in comparison with the nondiabetic population. This
the mean BMI between the case and control groups  wasin parallel with plasma HbA1lc, which was considerably
[Supplementary Figure le]. higher in DM patients. Although the MD of age, gender,
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Case Control Men's Proportion Difference Weight
Study N Mean SD N Mean SD with 95% CI (%)
Lutgers, 2006 973 47 .0160004 231 .38 .0319361 ] 0.09[ 0.09, 0.09] 413
Meerwaldt, 2007 69 .65 .0574204 43 45 .0758671 n 0.20[ 0.18, 0.22] 3.07
Samborski, 2011 140 457 .0421012 57 .386 .0644823 = 0.07 [ 0.06, 0.09] 3.66
Januszewski, 2011 69 .5507 .0598827 60 433 .0639676 [} 0.12[ 0.10, 0.14] 3.29
Skrha Jr, 2013 88 .59 .0524296 20 .25 .0968246 0.34[ 0.31, 0.37] 2.71
Moran, 2014 285 .59 .0291337 201 .55 .0350905 0.04[ 0.03, 0.05] 4.07
Llaurado, 2014 68 .5 .0606339 68 .5 .0606339 : 0.00[-0.02, 0.02] 3.35
Hirano, 2014 138 442 .0422755 111 .2972 .0433789 [ ] 0.14[ 0.13, 0.16] 3.90
de Jonge, 2015 48 5 .0721688 44 .5 .0753778 o 0.00[-0.03, 0.03] 273
Sebekova, 2015 276 .58 .0297087 121 .5 .0454545 [ | 0.08[ 0.07, 0.09] 4.02
Yasuda, 2015 67 .5671 .0605322 67 .5074 .061078 m 0.06[ 0.04, 0.08] 3.34
bakker, 2015 25 4 .0979796 25 2 .08 - 0.20[ 0.15, 0.25] 1.73
van der Heyden, 2016 77 494 0569762 118 .347 .0438208 (] 0.15[ 0.13, 0.16] 3.72
van Waateringe, 2016 314 .53 .0281658 8,695 .41 .0052745 O 0.12[ 0.12, 0.12) 415
Cho, 2016 135 .51 .0430245 40 .55 .0786607 = -0.04 [ -0.06, -0.02] 345
Gandecka, 2017 404 .52 .024856 84 .5 .0545545 0.02[ 0.01, 0.03] 4.02
Li, 2017 362 4944 ,0262778 100 .51 .04999 -0.02 [ -0.02, -0.01) 4.03
Fokkens, 2017 31 742 .0785834 62 .79 .0517282 o -0.05 [ -0.07, -0.02) 295
Osawa, 2017 105 .324 .0456721 23 .652 .0993229 -0.33[-0.35, -0.30] 2,96
Fokkens, 2018 1,042 538 .0154447 78,206 415 .0017619 [ | 0.12[ 0.12, 0.12] 4.15
Yoshioka, 2018 162 .55 .0390868 42 4761 0770635 O 0.07 [ 0.06, 0.09] 3.58
Osawa, 2018 193 554 .0357803 24 458 .1017014 0 0.10[ 0.08, 0.12] 3.37
Dimova, 2019 17 457 .1208185 35 412 .0831962 Hl- 0.05[-0.01, 0.10] 1.48
Chen, 2019 182 .544 .0369187 2,206 431 .0105437 = 0.11[ 0.11, 0.12) 4.14
Samakkarnthai, 2020 171 .561 .0379503 108 417 .047445 O 0.14[ 0.13, 0.15] 3.92
Dybjer, 2020 548 48 ,0213418 2453 .39 ,009848 ] 0.09[ 0.09, 0.09] 4.15
Yavuz, 2021 237 .4388 .0322343 100 .3 .0458258 | 0.14[ 0.13, 0.15] 3.98
Planas, 2021 156 449 .0398232 52 404 .0680475 ] 0.04[ 0.03, 0.06] 3.67
Skrha, 2022 43 .58 .075267 26 .23 .082532 0.35[ 0.31, 0.39] 2.27
Overall t 0.08[ 0.07, 0.09]
Heterogeneity: T = 0.00, I = 99.69%, H = 320.11
Testof 8 = 8: Q(28) =8962.98, p = 0.00
Testof 8=0:z=18.49,p = 0.00

+ -2 0 2 4

Random-effects DerSimonian-Laird model bl

Figure 2: Contd...

and BMI were statistically significant in DM individuals
compared to nondiabetes, hyperglycemia in addition to
higher BMI, older ages, and gender are covariates that
each of them could significantly impact the SAF level.
Subgroup analysis was not performed because a small
sample size would reduce the power to find statistically
significant results. Furthermore, most of the articles lacked
required data for finding the major driving force for AGE
production. More than 20 AGEs have been identified as
of late. In contrast to HbA1lc, which is not an AGE, AGEs
accumulate in long-lived proteins in diabetes, and the
levels of protein modification are not lowered even after
optimal glycemic control is restored. Even while AGE

| 2023 |

builds up in proteins as we age, a hyperglycemic condition
speeds up AGE synthesis. As a result, DM patients have
more AGE-bounded proteins than nondiabetic persons
of the same age.* Similar to earlier research, agel'¢*4>+1
and female gender™*! are two characteristics that may
have some impact on SAF levels. Series conditions such
as hyperglycemia state, oxidative stress, inflammation,
and metabolic load can increase AGE formation and
deposition in various tissues.? In previous studies, a direct
relationship between SAF and age and type 2 diabetes (T2D)
duration was shown.?**!l Temma et al.*¥! showed in the
T2D group that SAF was well linked with the maximal
intima-media thickness in the carotid artery and came

Journal of Research in Medical Sciences 6
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Case Control Mean Difference of BMI ~ Weight

Study N Mean SD N  Mean SD with 95% CI (%)
Lutgers, 2006 973 29 5 231 27 5 s 2.00[ 1.28, 2.72] 4.08
Meerwaldt, 2007 69 244 12 43 241 18 [} 0.30 [ -0.26, 0.86] 4.22
Januszewski, 2011 69 2696 2.05 60 261 48 - 0.86 [ -0.39, 2.11] 3.51
Samborski, 2011 140 242 42 57 219 28 - 230 1.11, 3.49] 3.58
Skrha Jr, 2013 88 29.25 3.59 20 255 34 — 3.75[ 2.02, 5.48] 2.95
Sugisawa, 2013 241 232 31 110 219 23 | 1.30 [ 0.65, 1.95] 4.15
Moran, 2014 285 305 51 201 272 41 B 3.30[ 2.45, 4.15) 3.96
Llaurado, 2014 68 257 3.6 68 24 31 - 1.70[ 0.57, 2.83] 3.65
bakker, 2015 25 241 34 25 243 35 -0.20 [ -2.11, 1.71] 2.74
Yasuda, 2015 67 24.48 3.56 67 24.48 3.53 1 0.00 [ -1.20, 1.20] 3.57
Sebekova, 2015 276 305 61 121 272 33 - 330[ 2.14, 4.46] 3.62
de Jonge, 2015 48 28.15 4.05 44 2499 3.76 —— 3.16 [ 1.56, 4.76] 3.09
van Waateringe, 2016 314 30.5 54 8,695 264 4.2 ] 410 3.62, 4.58] 4.28
Kouidrat, 2016 86 295 69 54 236 28 —i— 590 [ 3.96, 7.84] 2.71
Furst, 2016 16 315 1.6 19 305 1.3 - 1.00 [ 0.04, 1.96] 3.84
Osawa, 2017 105 23 3 23 206 26 - 2.40[ 1.08, 3.72] 3.42
Gandecka, 2017 404 2525 1.25 84 24.25 1.25 [ | 1.00[ 0.71, 1.29] 438
Fokkens, 2017 31 27 39 62 25 34 —— 2.00[ 0.46, 3.54] 3.16
Li, 2017 362 25.7 3 100 239 34 B 1.80[ 1.12, 2.48] 4.11
Osawa, 2018 193 27.7 5.95 24 209 29 —— 6.80 [ 4.38, 9.22] 2.23
Yoshioka, 2018 162 249 4 42 226 4 - 230 0.94, 3.66) 3.38
Dimova, 2019 17 332 68 35 287 6.5 —— 450 [ 0.68, 8.32] 1.27
Chen, 2019 182 2995 4.6 2,206 2692 3.89 [ 3.03[ 2.43, 3.63] 4.19
Depczynski, 2020 64 293 41 175 255 4.3 - 3.80[ 2.58, 5.02] 3.55
Samakkarnthai, 2020 171 31.1 42 108 279 4.2 E 3.20[ 2.19, 4.21] 3.78
Dybjer, 2020 548 28.7 5.04 2,453 263 4.11 1 2.40[ 2.00, 2.80] 4.33
Yavuz, 2021 237 317 7 100 291 6.1 —— 2.60[ 1.02, 4.18] 3.12
Planas, 2021 156 30.33 4.92 52 26.7 3.26 —- 3.63[ 2.20, 5.06] 3.29
Skrha, 2022 43 284 7.1 26 246 3.1 —— 3.80[ 0.91, 6.69] 1.84
Overall ¢ 2.46 [ 1.95, 2.97)
Heterogeneity: T = 1.53,1° = 89.70%, H’ = 9.70

Test of 6, = 8;: Q(28) = 271.73, p = 0.00

Testof 0 =0:z=9.42,p =0.00

-5 0 5 10
Random-effects DerSimonian-Laird model

Figure 2: Contd...

to the conclusion that SAF may be a useful substitute
measure of atherosclerosis. According to Ninomiya
et al,* SAF was independently a factor in determining
brachial flow-mediated dilation, which is a sign of early
atherosclerosis and endothelial dysfunction. SAF was
also linked to arterial thickening as measured by maximal
carotid intima-media thickness. These results lend credence

7 Journal of Research in Medical Sciences

to the idea that AGEs and the RAGE receptor system are
key contributors to the deterioration of vascular function.
As aresult, AGEs play a significant pathogenic role in both
endothelial dysfunction and the atherosclerotic process in
diabetic patients, in addition to serving as indicators of
“metabolic memory.” " Interestingly, our results described
the significant impact of higher BMI on AGE assessment.

| 2023 |



8L+AWAOANDNMNEeAAIAVO/FONEIDVIASALLIAIPO0AEIEAHIOI/ADAU

MY TXOMADYOINXZOHISABZIYTCN+eyNIOITWNOTZTARY HAOSHINQUE Aq SWil/wod mm speulnol//:dny wouy papeojumod

€202/80/0T uo

Hosseini, et al.: Skin autofluorescence in diabetes

Case Control Mean Difference of HbAlc Weight
Study N Mean SD N Mean SD with 95% CI (%)
Meerwaldt, 2007 69 8.2 9 43 55 5 —.— 2.70 [ 2.41, 2.99] 5.62
Januszewski, 2011 69 7.63 .22 60 51 .3 1 2.53[ 2.44, 2.62] 5.80
SkrhaJr, 2013 88 88 .13 20 5.7 .45 Il 3.10[ 2.99, 3.21] 5.80
Moran, 2014 285 72 12 201 56 3| 1.60 [ 1.43, 1.77] 5.76
Llaurado, 2014 68 7.76 1.45 68 534 .22 —— 2.42[2.07, 2.77] 5.55
Sebekova, 2015 276 71 11 121 55 3| W 1.60 [ 1.40, 1.80] 5.73
Yasuda, 2015 67 7.7 178 67 5.64 .37 - B - 2.06 [ 1.62, 2.50] 5.40
van Waateringe, 2016 314 68 1.2 8695 55 3| 1.30 [ 1.26, 1.34] 5.82
Furst, 2016 16 83 4 19 58 .1 3 2.50[ 2.31, 2.69] 5.74
Osawa, 2017 105 7.7 14 23 51 2 — 2.60[ 2.02, 3.18] 5.13
Li, 2017 362 7.7 12 100 53 .5 - 2.40[ 2.16, 2.64] 5.69
Yoshioka, 2018 162 72 8 42 54 3 - 1.80 [ 1.55, 2.05] 5.68
Osawa, 2018 193 89 17 24 53 3 B 3.60[ 2.92, 4.28] 4.89
Samakkarnthai, 2020 171 78 12 108 54 .3 B 2.40[2.17, 2.63] 5.70
Depczynski, 2020 64 75 141 175 55 .22 E 5 2.00[ 1.78, 2.22] 5.71
Yavuz, 2021 237 7.58 177 100 538 .7 —— 2.20[ 1.84, 2.56] 5.53
Planas, 2021 156 7.43 1.19 52 5.54 .32 —- 1.89[ 1.56, 2.22] 5.58
SkrhalA3:]24, 2022 43 846 173 26 58 .54 O 2.66 [ 1.97, 3.35] 4.88
Overall > 2.28[1.91, 2.66]
Heterogeneity: T = 0.63,1° = 98.91%, H' = 92.00
Test of 0, = 6;: Q(17) = 1563.95, p = 0.00
Testof 6 =0:z=11.89,p =0.00
2 3 4
Random-effects DerSimonian-Laird model [d]

Figure 2: Contd...

In a previous study, no significant variation was observed
between the five groups at baseline in terms of BMILP!
This may be because the study’s greater sample size was
what caused the majority of the disparity. In a different
research, participants exposed to various health risk factors
also had greater BMI, which was related to increased AGE
accumulation.® The development of AGEs that bind to
AGE receptors primes the initiation of the signaling cascade
of nuclear factor-kf3, which leads to loss of protein function,
followed by cellular dysfunction, and consequently matrix
degeneration. In tissue, increased AGE can impact collagen
cross-linking, cause the inability to generate an appropriate
mechanical response, lead to mechanical stress, and increase
the risk of injury, eventually progressing to a diabetic foot
ulcer.! The AGE can lead to cardiovascular morbidity
and mortality by several mechanisms, including affecting
the calcium hemostasis in cardiac muscles, weakening the
extracellular matrix leading to stiffness and fibrosis of the
vasculature, extension of oxidative stresses, initiation of
inflammation, priming the release of growth factors, and
decreasing the nitric oxide levels. As a result, endothelial

| 2023 |

dysfunction, vasoconstriction, fibrosis, atherosclerosis,
and thrombosis would develop.”? Nowadays, HbAlc
with shorter turnover represents a chronic hyperglycemic
state. Besides, in addition to hyperglycemia, the AGE level
could also be a potential marker of metabolic load and a
surrogate marker of DM or diabetic complications. Elevated
AGE levels have been linked to cardiovascular disease in
diabetics, according to several previous research. SAF is
connected to macrovascular complications in people with
T2D.B In addition, AGEs have the benefit of being linked to
long-term metabolic memory, and their evaluation accounts
for cumulative glucose exposure and glucose fluctuation,
overcoming the drawbacks of HbAlc as a predictive
biomarker for diabetes.* Therefore, AGEs may not only
predict diabetes and its complications but also contribute
to it. However, while other research were unable to provide
comparable results, several investigations assessed a strong
connection between SAF and HbA1c.”**! The discrepancy
in the results might be caused by variations in the patients’
type of diabetes, the duration of their diabetes, the length of
the studies, the participants” proportion of complications,

Journal of Research in Medical Sciences 8
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Case Control Mean Difference of SAF  Weight
Study N Mean SD N  Mean SD with 95% CI (%)
Lutgers, 2006 973 279 8 231 214 .6 -l 0.65[ 0.54, 0.76] 3.26
Meerwaldt, 2007 69 21 3 43 1 .1 . 3 1.10[ 1.01, 1.19] 3.35
Samborski, 2011 140 21 6 57 17 3 —- 0.40 [ 0.24, 0.56] 2.94
Januszewski, 2011 69 201 .16 60 1.77 .15 O 0.24[ 0.19, 0.29] 3.51
Sugisawa, 2013 241 231 .5 110 195 .32 L B 0.36 [ 0.26, 0.46] 3.31
Skrha Jr, 2013 88 25 .11 20 196 .33 [k 0.54 [ 0.46, 0.62] 3.40
Moran, 2014 285 203 54 201 207 511 -0.04 [ -0.14, 0.06] 3.34
Llaurado, 2014 68 2.05 .37 68 1.83 .39 . N 0.22[ 0.09, 0.35] 3.16
Hirano, 2014 138 248 .48 111 205 .38 0.43[ 0.32, 0.54] 3.27
bakker, 2015 25 249 .63 25 1.96 .42 0.53[ 0.23, 0.83] 2.07
Sebekova, 2015 276 28 7 121 23 5 0.50 [ 0.36, 0.64] 3.10
de Jonge, 2015 48 193 3 44 164 .26 - 0.29[ 0.17, 0.41) 3.23
Yasuda, 2015 67 25 3 67 195 .56 -l 0.55[ 0.40, 0.70] 3.01
van Waateringe, 2016 314 2.44 .55 8,695 2.04 .44 [ | 0.40 [ 0.35, 0.45] 3.52
van der Heyden, 2016 77 14 .05 118 1.14 .14 B 0.26 [ 0.23, 0.29] 3.56
Kouidrat, 2016 86 272 .78 54 19 2 —— 0.82[ 0.61, 1.03] 2.61
Furst, 2016 16 28 1 19 22 1 [ ] 0.60 [ 0.53, 0.67] 3.47
Cho, 2016 135 123 27 40 114 29 0.09 [ -0.01, 0.19] 3.33
Li, 2017 362 272 .32 100 197 .06 B 0.75[ 0.69, 0.81] 3.48
Gandecka, 2017 404 23 3 84 2 ] 0.30[ 0.23, 0.37] 3.46
Fokkens, 2017 31 25 5 62 22 4 —— 0.30[ 0.11, 0.49] 2.78
Osawa, 2017 105 2.07 .5 23 19 26 +—— 0.17 [ -0.04, 0.38] 2.62
Osawa, 2018 193 257 .47 24 191 .29 M 0.66 [ 0.47, 0.85] 2.74
Yoshioka, 2018 162 253 45 42 219 .34 - 0.34[ 0.19, 0.49] 3.05
Chen, 2019 182 2.61 .51 2,206 238 .49 [ 0.23[ 0.16, 0.30] 3.44
Dimova, 2019 17 19 2 35 18 4 —l— 0.10 [ -0.10, 0.30] 2.68
Dybjer, 2020 548 2.53 .48 2,453 2.38 Il 0.15[ 0.10, 0.20] 3.53
Depczynski, 2020 64 31 6 175 26 .6 —T— 0.50[ 0.33, 0.67] 2.88
Samakkarnthai, 2020 171 2.88 .05 108 2.46 .06 ] 0.42[ 0.41, 0.43) 3.59
Planas, 2021 156 267 66 52 24 62 |—l— 0.27[ 0.07, 0.47] 2.66
Yavuz, 2021 237 221 .53 100 1.79 .33 - 0.42[ 0.31, 0.53] 3.25
Skrha, 2022 43 24 5 26 2 5 — 0.40[ 0.16, 0.64] 2.40
Overall ¢ 0.40 [ 0.34, 0.47]
Heterogeneity: T = 0.03, 1" = 96.29%, H’ = 26.96
Test of , = 6;: Q(31) = 835.82, p = 0.00
Testof 0 =0:z=12.04,p=0.00

0 5 1 1'5

Random-effects DerSimonian-Laird model a

Figure 2: Contd...

and the results themselves. Finally, more research hastobe ~ have distinct pathophysiological inducers and routes.” In
done to determine if different diabetic vascular problems  a previous study, no correlation was observed between
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SAF and HbA1lc.' This is due to the fact that collagen,
which has a low turnover and shows hyperglycemia over
alonger time period than HbA1lc (10-15 years vs. 3 months,
roughly), is where skin AGEs are mostly deposited.
Moreover, we discovered a connection between HbAlc
and SAF levels in our earlier research.® The absence of
relationship between HbAlc and AGEs in some of the
studies considered may be because of the shorter HbAlc
turnover time compared to SAF, the different approaches
to managing the hyperglycemic condition, and the
subsequent oxidative stress experienced by people.?”
Correspondingly, some studies including review articles
and meta-analyses have declared the validity of AGE
measurement by SAF as a noninvasive tool to expect
diabetic vascular complications.l>**1 SAF may be utilized
for T2D mellitus (T2DM) screening, according to several
research conducted abroad, and it is more sensitive to
diagnose T2DM than fast plasma glucose or HbA1c."%%]
Furthermore, these noninvasive assessments of AGE
buildup may also be thought of as possible indicators of
late diabetes problems. It is worth mentioning that several
confounding factors such as darker skin, application of
topical agents, foods, smoking status, renal function, and
sex hormones can influence AGE measurement.#260621 The
dark pigmentation of the skin (skin phototype 4-6), the use
of skin care products (especially sunscreen and skin tanners),
fasting or postprandial states (about 5% variation of SAF in
a day), extreme local hyperemia, and vasoconstriction are
some of the variables that may affect SAF measurements.
When evaluating SAF, these potential confounders should
be considered and, if at all feasible, avoided.[®*¢%3 Reduced
AGE clearance in cases of renal failure may eventually
lead to increased AGE accumulation.®” Increased AGE
generation or absorption by meals or smoking may
exacerbate AGE storage. In premenopausal females as
compared to males, SAF is independently greater, which
may be because of estrogen-related effects. By altering
the collagen turnover rate, sex hormones have an effect
on the deposition of AGE tissues. The difference in SAF
levels between the sexes becomes less substantial as people
get older because postmenopausal women have less skin
collagen.[*!

The limitations of our study are mentioned as follows:
first, the included studies were cross-sectional, thus a
cause—effect relation between DM and higher SAF could
not be established. Hence, future studies with follow-up
are crucial to confirm that higher IFG or hyperglycemia
and DM can cause the production of more tissue AGE.
Second, a significant risk of heterogeneity was found in
most of the studies. Third, publication bias was identified
through the Egger’s test and funnel plot diagram. These
make the results interpreted with caution. Fourth,
heterogeneous diabetes and nondiabetes were included

| 2023 |

in the studies, from different races, with various age
ranges, BIM, and smoking status that may have an
impact on the AGE accumulations. Moreover, only some
articles reported that the control participants were healthy
individuals, while others were reported including the
nondiabetic control population. Finally, most studies have
not provided information about the justification of sample
size or blinding the investigators which may cause bias.

CONCLUSION

This study could not confirm the evidence validity of SAF
as a surrogate marker in diabetes patients. Interestingly,
age, gender, metabolicload, and high BMI could affect SAF
considerably. However, SAF could be helpful in the future
as a marker for metabolic syndrome or diabetes. Further
anti-AGE investigations are needed to prove the findings.
Therefore, there is a need for more research with bigger
sample sizes and longer follow-up.
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Supplementary Figure1: Funnel plot assessing the publication bias: (a) Age, (b) male gender, (c) skin autofluorescence, (d) HbA1c, (e) body mass index




