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Abstract. Background/Aim: Advanced glycation end products
(AGEs) accumulate in the body with increasing age. However,
their excessive accumulation may lead to various inflammatory
and chronic diseases. While it is common for older adults to
experience various comorbidities, there is a scarcity of
published literature documenting the specific impact of ageing
and comorbidities on AGEs in this population. The present
study aimed to retrospectively evaluate the correlation among
AGEs in the skin, calendar age, and comorbidities in older
adults. Patients and Methods: Accumulated AGEs in the skin
were assessed by non-invasive measurement of skin
autofluorescence (SAF) inside the forearm. This retrospective
study included individuals who underwent SAF measurements
at Shujitsu University Community Pharmacy with or without a
prescription from October 2019 to October 2021 . Subsequently,
the associations between SAF, calendar age, comorbidities, and
blood test parameters were investigated. Results: SAF showed
a positive correlation with calendar age for all enrolled
participants; the correlation weakened for participants aged
=50 years and plateaued for those aged =60 years.
Furthermore, we observed a significant increase in SAF among
all participants with comorbidities compared to those without
comorbidities. By contrast, among participants aged =50 years,
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SAF did not show a significant association with comorbidities.
However, SAF was significantly positively correlated with
white blood cell (WBC) counts in these aged populations.
Conclusion: The non-invasive assessment of SAF holds
promise in evaluating changes in the physical condition
associated with WBC counts among older adults.

Advanced glycation end products (AGEs) progressively
accumulate in the skin as individuals age. These compounds
are formed through non-enzymatic reactions involving
carbonyl groups of reducing sugars and various
biomolecules, such as proteins, lipids, or nucleic acids (1, 2).
Notably, AGEs have gained recognition as a biomarker for
the ageing process (3, 4). Recently, skin autofluorescence
(SAF) intensity has been used to assess the accumulation of
AGEs in the skin and has been reported to correlate
significantly with age-dependent AGEs accumulation (5, 6).
Furthermore, previous studies have indicated that quantifying
SAF in patients might be a valuable tool in evaluating the
risk of AGEs-related diseases, including diabetes, within
clinical settings (7).

The synthesis and accumulation of AGEs are accelerated
under inflammatory and oxidative stress conditions (8).
Moreover, the excessive accumulation of AGEs, as assessed
by SAF, is associated with many adverse health conditions
(9). For example, SAF has been reported as a potential
marker for several inflammatory diseases, including lifestyle-
related diseases, diabetes, cardiovascular disease,
atherosclerosis, and chronic obstructive pulmonary disease
(10-14). These studies suggest that SAF, as a measure of
AGE deposition, could predict disease-related complications
or all-cause mortality. Nevertheless, among older adults, the
rising prevalence and severity of diverse comorbidities,
including AGEs-related diseases and ageing, can potentially
diminish the specificity of disease-specific indices.
Nevertheless, research regarding the relationship between
AGEs, ageing, and comorbidities, especially in older adults,
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is lacking. Additionally, the impact of various blood test
parameters on the variability of SAF measurements in the
elderly is not well comprehended. Therefore, investigating
the relationship among SAF, age, and comorbidities in older
adults, as well as exploring the association between SAF and
the outcomes of individual blood test parameters, may lead
to non-invasive assessment of physical health status using
SAF in older adults.

The present study aimed to retrospectively evaluate
changes in SAF and their correlation with age and
comorbidity in older adults. Additionally, since blood test
data are indicative of physical health status, we also
investigated the correlation between SAF and blood test
results to evaluate the impact of the physical condition of
study participants on SAF.

Patients and Methods

Ethical standards. The present study was performed in accordance
with the Ethical Guidelines for Medical and Biological Research
Involving Human Subjects in Japan and with the Helsinki
Declaration. This study was approved by the Ethics Committee of
Shujitsu University (Approval Number: 244). As this study had a
retrospective design and participant anonymity was ensured, the
Shujitsu University Ethics Committee waived the requirement for
written informed consent, and an opt-out method was applied by
notifications displayed on Shujitsu University Community
Pharmacy and the website of the pharmacy, as well as that of
Shujitsu University.

Study participants. Data were extracted from study participants who
underwent SAF measurement at Shujitsu University Community
Pharmacy from October 2019 to October 2021. Participants with a
calendar age <20 years, who failed SAF measurement attempts, or
those who refused to consent to participate in this study were
excluded. Information regarding calendar age and comorbidities
related to the increase in AGEs was obtained through patient
medical questionnaires, records of drug history, prescriptions, and
data extracted from their medication registries. The identification of
comorbidities that have the potential to relate to the increase of
AGEs was conducted based on previously reported criteria (15, 16).
Subsequently, the association between SAF and calendar age or
comorbidity was retrospectively investigated. In addition, 23
participants aged =50 years who supplied us with their prescriptions,
including the information on blood test results, were evaluated for
the association between SAF and blood tests.

Non-invasive skin autofluorescence and the assessment of AGEs.
SAF was measured from inside the forearm using a non-invasive
device (AGE Reader mu; DiagnOptics, Groningen, the Netherlands)
(7, 17). SAF was quantified as the ratio of average autofluorescence
per nanometre (nm) within the 420-600 nm range to the average
autofluorescence per nm within the 300-420 nm range, measured
over a 1 cm? skin area. SAF values were expressed in arbitrary units
(AU). Furthermore, it has been reported that the error ratio in
repeated SAF measurements in a single day is approximately 5.0%,
while that of intra-individual seasonal variance is approximately
59% (4).

Table 1. Characteristics of study participants.

Characteristics

Number 119 Shapiro-Wilk normality test
Men/Women 59/60 w p-Value
Calendar age (years) 67.0 (51.0-75.0) 0.946 <0.001
SAF (AU) 2.50 (2.00-2.90) 0.961 0.002

Data are expressed as median (interquartile range) or frequency (n).
SAF: Skin autofluorescence; AU: arbitrary units.

Blood tests. In Japanese outpatient practice, prescribing physicians can
include blood test results on the prescription for patients, facilitating
appropriate drug therapy from community pharmacists. Consequently,
blood test data included in the prescriptions submitted to pharmacists,
according to Japanese practise, were recorded and used for the analysis.
Nine blood test parameters, including white blood cells (WBC),
haemoglobin (Hb), platelets (PLT), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), serum creatinine (Scr), urea nitrogen
(UN), potassium (K), and C-reactive protein (CRP), were investigated
as numerical indices indicative of the physical health status.

Statistical analysis. Continuous variables are expressed as median
(interquartile range), based on the results of a Shapiro-Wilk normality
test. The Kruskal-Wallis test followed by Dunn’s multiple comparisons
test was utilised for comparing continuous variables, while the Mann-
Whitney U-test was employed for specific pairwise comparisons.
Fisher’s exact test was utilised for assessing associations between
categorical variables. Furthermore, correlations between two continuous
variables were evaluated using Spearman’s correlation coefficient.
Correlations were evaluated based on the magnitude of the correlation
coefficient (r). A significant correlation was observed for values of 0.4
<Irl<1.0, whereas a weak correlation was identified for values of
0.2<Irl<0 4. To mitigate the influence of age and sex disparities on the
statistical outcomes, propensity score matching analysis was conducted.
Binomial logistic regression analysis incorporating age and sex as
categorical variables was employed to estimate propensity scores.
Subsequently, one-to-two propensity score matching was performed
using nearest neighbour matching, with a calliper width set at 0.2
standard deviations of the propensity score. The statistical significance
threshold was set at p<0.05 or p<0.01. EZR (Eazy R; Saitama Medical
Center, Jichi Medical University, Saitama, Japan, version 4.0.3) was
utilised for conducting the propensity score matching analysis (18). All
other statistical analyses were performed using the GraphPad Prism
9.4.1 software (GraphPad Software Inc., San Diego, CA, USA).

Results

Background of the study participants. Of the 126
participants measured for SAF, 119 (59 men, 60 women)
were enrolled in this study. The characteristics of the
participants are listed in Table I. The study included
participants with a calendar age ranging from 22 to 93
years, with a median age of 67.0 years (range=51.0-75.0
years). The median SAF value among the participants was
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Table II. Comorbidity profile of study participants.

Comorbidity

Patients with comorbidities (—/+) 42/77
Total number of comorbidities 190

¢ Chronic lifestyle-related diseases (DM, HT, HL, HU) 89 (46.8%)
* Aging-related disease (orthopaedics, urinology, 36 (18.9%)
ophthalmology)
¢ Inflammatory disease 20 (10.5%)
¢ Cardiovascular diseases 17 (8.9%)
¢ Immune system disease 13 (6.8%)
e Cancer 8 (4.2%)
e Tissue injury 7 (3.7%)

Data are expressed as frequency (%). DM: Diabetes mellitus; HT:
hypertension; HL: hyperlipaemia; HU: hyperuricemia.

2.50 AU (range=2.00-2.90 AU) (Table I). Furthermore, 77
participants presented with a total of 190 comorbidities that
could cause an increase in AGEs; these included chronic
lifestyle-related  diseases,  aging-related  diseases,
inflammatory diseases, cardiovascular diseases, immune
system diseases, cancer, and tissue injury (Table II).

SAF values and variability increased significantly with
increasing calendar age. We examined the correlation
between SAF values and calendar age in all participants.
SAF was significantly correlated with calendar age (Figure
1A). However, the median SAF value plateaued after 60
years of age (Figure 1B), and the variability in SAF values
increased remarkably with age (Figure 1C).

The correlation of SAF with ageing in older adults. As shown in
Figure 2, the correlation between SAF and calendar age tended
to weaken with age. For study participants aged <50 years, there
was a significant correlation between SAF and calendar age
(Figure 2A and B). However, this correlation weakened with
increasing calendar age, ceased to be significant for participants
=50 years of age (Figure 2C), and was completely abolished in
participants >60 years of age (Figure 2D).

Effect of comorbidity on the correlation between SAF and
calendar age. Next, changes in SAF due to comorbidities with
a potential to increase AGEs are presented in Table III, Table
IV, and Figure 3. The results showed that SAF was
significantly higher in study participants with comorbidities
(Table IIT). However, calendar age and men ratio were also
significantly higher in the participants with comorbidities.
Therefore, to mitigate the impact of age and sex on SAF
measurements, we employed the propensity score matching
method to assess the variation in SAF both with and without
disease after adjusting for age and sex. The results showed that
the SAF was significantly higher in subjects with

Relationship between SAF and calendar age
of study participants
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Figure 1. Correlation between skin autofluorescence (SAF) and
calendar age. SAF significantly correlates with calendar age (A).
Median SAF plateaus at 60 years of age (B). The variation in SAF in
each age group increases with age (C). Correlation analysis performed
using the Spearman’s correlation coefficient. The bars represent the
median and interquartile range. AU: Arbitrary unit; r: correlation
coefficient. p-Value and r (95%CI) are shown in the figure.
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Figure 2. Change in the correlation between SAF and calendar age with changing age. The figure shows the correlation between SAF and calendar
age of participants aged =30 years (A), 240 years (B), 250 years (C), and =60 years (D). Correlation analysis was performed using Spearman’s
correlation coefficient. SAF: Skin autofluorescence; AU: arbitrary unit; r: correlation coefficient. p-Value and r (95%CI) are shown in the figure.
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Table III. Influence of comorbidity on skin autofluorescence (SAF) in all study participants.

Evaluation index All study participants p-Value Study participants after PSM p-Value
Comorbidity Comorbidity (-) Comorbidity (+) Comorbidity (-) Comorbidity (+)

(n=42) (n=77) (n=29) (n=58)
SAF (AU) 2.10 (1.90-2.60) 2.60 (2.10-3.20) 0.003 2.20 (1.80-2.70) 2.65 (2.13-3.20) 0.014
Calendar age (years) 60.5 (42.3-71.5) 69.0 (59.0-76.0) 0.023 69.0 (51.0-74.0) 68.0 (57.5-75.8) 0.988
Men/Women 15/27 44/33 0.035 14/15 27/31 >0.999

Data are expressed as median (interquartile range) or frequency (n). Significant differences were determined using the Mann-Whitney U-test. PSM:
Propensity score matching; AU: arbitrary units.

Table IV. Influence of comorbidity on skin autofluorescence (SAF) in older adults aged =50 years.

Evaluation index Study participants <50 years old p-Value Study participants after PSM p-Value
Comorbidity Comorbidity (-) Comorbidity (+) Comorbidity (-) Comorbidity (+)

(n=26) (n=66) (n=24) (n=48)
SAF (AU) 2.55(2.03-2.80) 2.65 (2.20-3.20) 0.117 2.60 (1.98-2.85) 2.65 (2.30-3.20) 0.194
Calendar age (years) 69.0 (64.5-75.5)  71.5 (63.0-77.8) 0.831 69.0 (64.0-740)  70.5 (64.5-78.3) 0.587
Men/Women 11/15 38/28 0.247 11/13 22/26 >0.999

Data are expressed as median (interquartile range) or frequency (n). Significant differences were determined using the Mann-Whitney U-test. PSM:
Propensity score matching; AU: arbitrary units.

Table V. Correlation analysis between skin autofluorescence (SAF) and each parameter of blood tests in older adults aged =50 years.

Parameter Correlation with SAF 95% Confidence interval p-Value

Number 23

Men/Women 14/9

Calendar age (years) 70.0 (65.5-75.5) -0.238 -0.600-0.206 0.275
WBC (x103/ul) 6.10 (4.55-7.20) 0.518 0.122-0.772 0.011
Hb (g/dl) 129 (11.4-14.4) 0.349 -0.087-0.672 0.103
PLT (x103/ul) 197 (170-213) 0.319 -0.120-0.654 0.138
AST (U/) 25.0 (17.0-27.0) [n=217#] 0.060 —-0.393-0.490 0.795
ALT (U/) 20.0 (16.0-24.0) [n=217] 0.035 —0.414-0.470 0.881
Scr (mg/dl) 0.97 (0.80-1.36) [n=22%] 0.109 -0.340-0.517 0.630
UN (mg/dl) 20.0 (16.0-27.8) [n=227#] -0.144 —0.543-0.307 0.522
K (mmol/l) 4.45 (4.13-4.78) [n=22#] —-0.144 —0.543-0.307 0.521
CRP (mg/dl) 0.06 (0.04-0.12) [n=19%] 0.257 -0.237-0.646 0.287

Data are expressed as median (interquartile range) or frequency (n). #Participant excluded for a lack of data. Correlation analysis between SAF and
each parameter of blood tests were performed using Spearman’s correlation coefficient. WBC: White blood cell; Hb: haemoglobin; PLT: platelet;
AST: aspartate aminotransferase; ALT: alanine aminotransferase; Scr: serum creatinine; UN: urea nitrogen; K: potassium; CRP: C-reactive protein.

comorbidities, even when the effect of age and sex were not
considered. Furthermore, a significant increase in SAF was
observed when multiple comorbidities were present (Figure
3A). Nonetheless, in individuals aged 50 years and above,
SAF did not exhibit a significant change in the presence of
comorbidities, even after minimising the influence of age and
sex on SAF measurements (Table IV). Furthermore, SAF did

not demonstrate a significant increase with an increasing
number of diseases (Figure 3B). These findings indicate that
while comorbidities may have impacted the association
between age and SAF across all cases, additional factors
beyond age and comorbidities may have influenced SAF
variations among individuals in the middle and upper age
strata (above 50 years).
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Figure 3. Variation in skin autofluorescence (SAF) with changes in the
number of comorbidities. The figure shows the SAF variations
according to the number of comorbidities in all patients (A) and in
patients aged =250 years (B). Comparisons for study participants without
comorbidities were performed using the Kruskal-Wallis test followed by
Dunn’s multiple comparisons test. The bars represent the median and
interquartile range. AU: Arbitrary unit; p-value is shown in each figure.

SAF correlated significantly with WBC counts in participants
>50 years old. To confirm the factors influencing SAF
changes in the study participants aged =50, we investigated

the relationship between blood test data and SAF in 23
participants aged =50 years who provided us with their
prescriptions (Table V). Remarkably, among the blood test
parameters examined, only WBC counts exhibited a
significant correlation with SAF (r=0.518, p=0.011).
However, no significant correlation was observed between
SAF and other inflammatory markers, such as CRP levels
(r=0.257, p=0.287). Furthermore, calendar age and other
blood test parameters did not significantly correlate with
liver function, kidney function, degree of anaemia, or
electrolyte balance. Subsequently, we divided study
participants into two groups: the High-SAF (H-SAF) group,
consisting of individuals with SAF values higher than the
standard value for their respective calendar age as described
in the product documentation and a previous report, and the
Low-SAF (L-SAF) group, comprising individuals with SAF
values lower than the standard value (19). WBC counts and
CRP levels were compared between the L— and H- SAF
groups (Figure 4). The WBC counts in the H-SAF group
were significantly higher than those in the L-SAF group
(p=0.008). However, the CRP levels were not significantly
different between the two groups (p=0.210).

Discussion

Although a positive correlation between SAF and the
calendar age of a person is well established in the medical
literature, our study shows for the first time that this SAF-
calendar age association diminishes in middle age and
reaches a plateau among older individuals. Furthermore, there
was no significant increase in SAF due to comorbidity in
subjects over 50 years of age. Conversely, among individuals
aged 50 years and older, there was a positive correlation
between SAF and WBC counts. According to previous
reports, SAF has the potential to be a predictor of physical
ageing owing to its significant correlation with calendar age
(4, 6). Furthermore, SAF has been reported to be a potential
predictor of several inflammatory diseases (20, 21). However,
our data indicate that SAF might not predict ageing and
comorbidity reliably in older adults. Therefore, it may be
necessary to consider additional attributes in addition to SAF
to assess the deteriorating health status of older adults.

The SAF values of the study participants aged =50
showed a significant correlation with WBC count among the
various blood test parameters examined; however, no
significant correlation was observed between SAF values and
the levels of CRP, which is another marker of inflammation.
Nonetheless, some studies have reported a strong correlation
between SAF and CRP =0.3 mg/dl in older patients with
diabetes and mild cognitive impairment (22). In this study,
the CRP levels of almost all participants were below the
normal upper limit (0.3 mg/dl). The low CRP levels of the
study population might be one of the reasons that the
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Figure 4. Comparison of inflammatory marker levels between the high and
low skin autofluorescence (SAF) groups. The WBC counts are significantly
higher in the high SAF group than in the low SAF group (A). However,
the C-reactive protein (CRP) levels are not significantly different between
the two groups (B). Significant differences were determined using the
Mann-Whitney U-test. The bar shows the median and interquartile range.
WBC': White blood cell; p-values are shown in each figure.

association between SAF and CRP was not detected.
However, the SAF-WBC count correlation was significant
despite WBC count was lower than the upper limit of the
normal range. These results suggest that SAF values in older
adults might specifically correlate with WBC count.
Furthermore, AGEs may play a key role in the induction of

oxidative stress because of the increased production of ROS
by circulating polymorphonuclear neutrophils in vitro (23).
Although the detailed mechanism of the positive correlation
between SAF and WBC count has not yet been fully
investigated, we hypothesize that SAF values may be
associated with neutrophil-derived oxidative stress, since
they comprise the are the main cell population of WBC.

In clinical practice, it is well-known that WBC counts
typically increase in response to cancer and infections caused
by bacteria and other pathogens. Conversely, WBC counts
may decrease in severe infections, aplastic anaemia, and as
a side effect of certain medications like anticancer drugs and
immunosuppressive drugs. Hence, detecting changes in
WBC counts is crucial in assessing overall health and
identifying underlying diseases, making it one of the most
clinically significant blood tests in general practice.
Additionally, there has been a global increase in the
proportion of individuals aged over 65 years (24). In
particular, Japan has witnessed the most rapid increase in the
ageing population, with a high ratio of older adults over the
age of 65 (25). Given this demographic shift, older adults
must focus on disease prevention and health maintenance as
early as possible to prolong their life expectancy. Monitoring
WBC counts in the elderly may enhance healthy life
expectancy, prevent diseases, facilitate early disease
detection, and mitigate disease exacerbation. Additionally,
understanding changes in WBC counts during drug treatment
can aid in monitoring and identifying adverse drug reactions.

The strength of this study is our finding that SAF is
significantly correlated with WBC counts, which are mostly
within the Japanese normal range (3,300-8,600 cells/mm3) (26)
in older adults. The standard methods of WBC count
assessment involve a blood test in clinical settings. However,
blood collection is a medical procedure that can be performed
in medical institutions and individuals with medical
qualifications. In addition, the sample needs to be processed
after collection, and it takes time to obtain the results; finally,
consumables and labour costs are also required. Moreover,
patients undergoing blood tests may experience adverse events,
such as pain, nerve damage, bleeding, and infection due to
needle punctures. By contrast, SAF measurement is a non-
invasive, straightforward, and cost-effective method that
imposes no restrictions on the measurement location or person.
Furthermore, the risk of adverse events associated with SAF
measurement is extremely low. Additionally, SAF measurement
is a quick procedure, and the results can be immediately
obtained on-site, typically within approximately 12 seconds.

Therefore, this study showed, for the first time, that the
change in WBC counts in older adults can be assessed
noninvasively by simply measuring SAF. Additionally, SAF-
based assessment of health status or recommendations of
medical checks have the potential to improve the health status
of people before the occurrence or exacerbation of the disease.
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The present study has several limitations. First, this
retrospective study was performed at a single centre.
Therefore, the study design did not allow for
randomisation, missing data were excluded from the
analysis, and the sample size was small and not controlled.
Second, the information on comorbidities was based on the
voluntary reports by the study participants, based on
interviews and the materials they provided. These reports
were not verified medical data reflecting confirmed
diagnoses from medical institutions. Although future
research with larger sample sizes of older adults are
required, this study indicated that using the non-invasive
measurement of SAF in older adults can be useful in
evaluating and following diseases that can impact WBC
counts. Furthermore, SAF measurement may prove useful
in monitoring reductions in WBC counts caused by
anticancer or immunosuppressive drugs.

Conclusion

Using non-invasive SAF assessment, skin AGEs showed no
significant association with calendar age and comorbidities
in older adults. However, SAF was significantly correlated
with the WBC count in older adults. This correlation can
potentially contribute to healthcare management, such as
diseases and drugs that affect WBC- counts.
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