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Abstract Objective: This study aimed to evaluate the influence of advanced glycation end-
product (AGE) accumulation on the prevalence and severity of overactive bladder (OAB) in
community-dwelling elderly adults.
Methods: We conducted a cross-sectional study involving 269 Japanese community dwellers
aged �75 years in 2015. AGE accumulation was non-invasively measured via skin autofluores-
cence (SAF) values using AGE Reader. The primary and secondary outcomes were the presence
and severity of OAB evaluated using the Overactive Bladder Symptom Score (OABSS). Individ-
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Urinary incontinence

associations of SAF with the prevalence and severity of OAB were assessed using logistic and
linear regression models, respectively, adjusted for clinically important confounders.
Results: The median age of participants was 78 years. Of 269 participants, 110 (40.9%) were
men and 75 (27.9%) had OAB. The median SAF was 2.2 arbitrary units (AUs). Increasing median
SAF was observed with increasing age. Multivariable analysis revealed that SAF was not asso-
ciated with either the likelihood of having OAB (odds ratio per AUZ0.77, 95% confidence inter-
val: 0.37e1.62) or the natural log-transformed OABSS (b per AUZ�0.07, 95% confidence
interval: �0.26e0.12).
Conclusions: In this study, AGE accumulation, as assessed by SAF, was not associated with the
prevalence and severity of OAB in Japanese community-dwelling elderly people aged �75
years.
ª 2021 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction

Aging and age-related diseases such as cardiovascular dis-
ease, cancer, and neurodegenerative disorders are preva-
lent, relevant, and challenging issues in medicine
worldwide. A great number of studies have attempted to
elucidate the mechanisms of aging and age-related diseases
by characterizing their pathophysiology. Although
numerous theories of aging have been proposed, the
mechanism remains poorly understood [1e3]. In recent
years, the roles of advanced glycation end-products (AGEs)
have been increasingly discussed in this context.

The formation of AGEs occurs through a non-enzymatic
multistep process called the Maillard reaction, in which
reducing sugars such as glucose modify nucleotides, lipids,
and peptides/proteins to form irreversible chemical modi-
fication products [4]. Production of AGEs is increased in
hyperglycemic states in diabetic patients, and AGEs accu-
mulate in various organs with age, particularly in long-lived
proteins such as lens crystallins and tissue collagen [5]. This
can induce cellular and tissue damage, as AGEs can modify
proteins directly and generate oxidative stress through
interaction with the receptor for AGE (RAGE) [6,7].
Seftel et al. [8] identified AGE accumulation in penis tis-
sues, and suggested a pathophysiologic mechanism for AGE-
mediated erectile dysfunction via the upregulation of
inducible nitric oxide synthase (NOS) and downregulation of
endothelial NOS. Immunohistochemical studies have indi-
cated the presence of AGEs in the bladders of patients who
underwent radical cystectomy [5], and Gali et al. [9]
demonstrated a positive correlation of serum AGEs with
overactive bladder (OAB) in patients with type 2 diabetes
mellitus.

The chronic syndrome of OAB is characterized by
urgencydwith or without urgedurinary incontinence,
increased frequency, and nocturia, and is estimated to
affect over 400 million people worldwide [10]. Further-
more, OAB is an age-related condition, which therefore
poses an increasing health concern in aging societies
because it affects many aspects of patients’ lives including
their sexual, physical, psychological, and social health
[11,12]. However, evidence for the association between
AGEs and OAB is sparse, especially in non-diabetic people.
Hence, we conducted a cross-sectional study to evaluate
the association of AGE accumulation with the prevalence
and severity of OAB in community-dwelling elderly adults.

2. Patients and methods

2.1. Setting

The Sukagawa Study cohort has been described in detail
previously [13]. Briefly, in this cross-sectional study, we
recruited residents aged �75 years from the central area of
Sukagawa City, which is located in the central part of
Fukushima Prefecture, Japan. Relatively independent in-
dividuals in terms of activities of daily living aged �75 years
were invited by the local government of Sukagawa City to
participate in the health check-up and survey used in this
study. We obtained written informed consents from all
participants. The Internal Ethics Review Board of Fukush-
ima Medical University School of Medicine approved this
study and its protocols, which were performed in accor-
dance with the tenets of the Declaration of Helsinki
(registered approval number: 2975).

2.2. Participants

Eligible participants were those aged �75 years who were
invited to participate in the health check-up. Participants
with dementia or with mini-mental state exam (MMSE)
scores of �23 were excluded from the analysis because of
potential underreporting of self-reported outcomes.

2.3. Measurement of advanced glycation end-
product accumulation

Skin autofluorescence (SAF), which reflects the amount of
AGEs in the body, was measured as the exposure variable
using the AGE Reader SU (DiagnOptics Technologies BV,
Groningen, Netherlands). Calculation of SAF was performed
by taking the average light intensity in the 420e600 nm
range, dividing by the average light intensity in the
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300e420 nm range, and multiplying by 100, and it was
expressed in arbitrary units (AU). Measurement of SAF was
carried out on the surface of the lower arm by trained
nurses, with the participant in a seated position. The in-
tensity of SAF strongly correlates with individual AGE
compounds, such as collagen-linked fluorescence, pentosi-
dine, ε-carboxymethyllysine and ε-carboxyethyllysine, and
skin biopsy is the gold standard measurement of tissue
accumulation of AGEs [14,15]. The coefficient of variation
for individual SAF measurements taken over a few days has
been reported to be 5.82% in the Japanese population [16].
Use of the AGE Reader for SAF measurement has been
extensively validated, and predictability of various dis-
easesdsuch as type 2 diabetes and cardiovascular diseases,
and deathdusing SAF has also been established via a
number of large observational studies [17e21].

2.4. Outcomes

The primary and secondary outcomes were the presence
and severity of OAB, which were evaluated using the
Overactive Bladder Symptom Score (OABSS) validated by
Homma et al. [22]. The OABSS is a four-item questionnaire
on daytime frequency, nighttime frequency, urgency, and
urgency incontinence. The total score is the simple sum of
the four symptom scores (range, 0e15). Individuals with an
urgency score of �2 and sum score of �3 are considered to
have OAB, and a higher score indicates increased severity
of OAB. In this study, individuals with a score of �1 for each
item were considered to have each symptom.
Figure 1 Flowchart of the study participants. OABSS, Over-
active Bladder Symptom Score; SAF, skin autofluorescence.
2.5. Statistical analysis

Baseline characteristics are presented using standard
descriptive statistics, means and medians (25th and 75th
percentiles) for continuous variables, and numbers and
percentages for categorical variables. A scatter plot was
used to visualize the distribution of age, SAF, and total
OABSS. Odds ratios (ORs) and 95% confidence intervals (CIs)
for the likelihood of having OAB and the four symptoms
were estimated using logistic regression models. In multiple
logistic regression models, we adjusted for the following
clinically important confounding factors related to both the
accumulation of AGEs and OAB: Age, sex, presence of dia-
betes mellitus (prescription of an antidiabetic drug or
HbA1c �6.5%, based on National Glycohemoglobin Stan-
dardization Program values), hypertension (prescription of
an antihypertensive drug or systolic/diastolic blood pres-
sure �140/90 mmHg [1 mmHgZ0.133 kPa]), and being
overweight (body mass index �25 kg/m2), and history of
smoking (identified using a self-administered question-
naire). To evaluate the association between SAF and OAB
severity using the OABSS as a continuous variable, we
employed uni- and multivariable linear regression models.
The total OABSS was transformed using the following for-
mula: yTZloge (yþ1), where y represents an individual’s
total OABSS and yT is the transformed total OABSS. This
transformation assures a linear assumption of our models by
making the distribution of the fitted model residuals sym-
metric and the variation of the residuals constant. To ac-
count for individuals with a score of 0, “1” was added. In
the multivariable linear regression model, we adjusted for
the same covariates as previously mentioned. Subgroup
analyses by sex were also carried out because the cause and
underlying mechanism of OAB could be different between
men and women.

Participants with complete data on both exposure and
outcome variables (i.e., SAF and the OABSS) were included
in the primary analyses. Markov chain Monte Carlo multiple
imputation, with 20 imputations, was used for missing data.
A p-value of <0.05 was considered statistically significant.
Statistical analyses were conducted using STATA version 14
(Stata Corp LP, College Station, TX, USA).

3. Results

3.1. Baseline characteristics

A total of 291 residents participated in the health check-up.
After excluding 20 participants with dementia and two with
missing SAF or OABSS, 269 participants were included in the
primary analyses (Fig. 1).

Baseline characteristics of participants are summarized
in Table 1. The median (interquartile range [IQR]) age of
the participants was 78 (76, 82) years. Of the 269 partici-
pants, 110 (40.9%) were male and 75 (27.9%) had OAB. The
median (IQR) SAF was 2.2 (2.0, 2.5) AU. The information on
diabetes was missing in 86 (32.0%) participants, and their
baseline characteristics are presented in Supplementary
Table S1. They were older, more frequently male, with a
higher likelihood of being overweight and having a smoking
history and higher SAF and total OABSSs.

3.2. Observed results

Scatter plots for age and SAF, and SAF and total OABSS are
shown in Fig. 2. As the diagram shows, SAF was positively
associated with age (b per year Z0.012 AU; 95% CI:
0.0005e0.024). No significant association between SAF and
the log-transformed total OABSS was observed (b per
AU Z0.019; 95% CI:�0.16e0.19) (Table 2).

3.3. Primary outcomes

In the crude analyses, SAF was not associated with either
OAB (OR per AU Z0.77; 95% CI: 0.37e1.62) or with any of



Table 1 Baseline characteristics of the participants.

Characteristics All participants
(nZ269)

Participants with
OAB (nZ75)

Participants without
OAB (nZ194)

Number of participants
with missing data

Age (year) 79.4, 78 (76, 82) 80.1, 79 (77, 83) 79.1, 78 (76, 81) 0
Male sex, % 40.9 46.7 38.7 0
BMI, kg/m2 22.8, 22.7 (20.3, 25.1) 22.9, 23 (21, 25.6) 22.7, 22.7 (20.2, 24.6) 0
Smoking, % 31.2 41.3 27.3 19
Hypertension, % 36.8 33.3 38.1 0
Diabetes, % 8.6 9.3 8.3 86
Overweight, % 26 33.3 23.2 0
SAF (AU) 2.3, 2.2 (2.0, 2.5) 2.3, 2.3 (1.9, 2.6) 2.3, 2.2 (2.0, 2.5) 0
OABSS
Total 3.6, 3 (2, 5) 6.9, 7 (5, 8) 2.3, 2 (1, 3) 0
Daytime frequency 0.5, 1 (0, 1) 0.7, 1 (0, 1) 0.5, 0 (0, 1) 0
Nighttime frequency 1.5, 1 (1, 2) 2.0, 2 (1, 3) 1.3, 1 (1, 2) 0
Urgency 1.0, 0 (0, 2) 2.9, 3 (2, 3) 0.2, 0 (0, 0) 0
Urgency incontinence 0.6, 0 (0, 1) 1.4, 1 (0, 3) 0.2, 0 (0, 0) 0

AU, arbitrary unit; BMI, body mass index; OAB, overactive bladder; OABSS, Overactive Bladder Symptom Score; SAF, skin auto-
fluorescence. Continuous variables are presented as mean, median (interquartile range).
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the four symptoms in the OABSS: Daytime frequency (OR
per AU Z0.85; 95% CI: 0.47e1.54), nighttime frequency
(OR per AU Z1.23; 95% CI: 0.47e3.22), urgency (OR per
AU Z1.20; 95% CI: 0.66e2.18), or urgency incontinence
(OR per AU Z0.98; 95% CI: 0.51e1.87) (Table 3).

After adjustment for age, sex, presence of diabetes
mellitus, hypertension, overweight, and history of smok-
ing, no significant associations were found between SAF
and either OAB (OR per AU Z0.77; 95% CI: 0.37e1.62) or
any of the four symptoms: Daytime frequency (OR per
AU Z1.11; 95% CI: 0.57e2.18), nighttime frequency (OR
per AU Z0.65; 95% CI: 0.21e2.01), urgency (OR per
AU Z0.86; 95% CI: 0.44e1.68), or urgency incontinence
(OR per AU Z0.92; 95% CI: 0.44e1.89). Moreover, the
analyses showed that participants with diabetes had a
lower likelihood of high daytime frequency (ORZ0.33; 95%
CI: 0.14e0.80); female participants had a lower likelihood
of high nighttime frequency (ORZ0.08; 95% CI:
0.01e0.43); overweight participants had a higher likeli-
hood of urgency (ORZ2.15; 95% CI: 1.20e3.86); and par-
ticipants with hypertension had a lower likelihood of
urgency incontinence (ORZ0.49; 95% CI: 0.27e0.90),
whereas higher age was associated with higher likelihood
Figure 2 Scatter plots of age and SAF, and SAF and OABSS.
OABSS, Overactive Bladder Symptom Score; SAF, skin
autofluorescence.
of urgency incontinence (OR per year Z1.07; 95% CI:
1.00e1.15).

3.4. Secondary outcomes

After adjustment for the covariates described above, no
significant association was observed between SAF and the
log-transformed total OABSS (b per AU Z�0.07; 95%
CI:�0.26e0.12), whereas age was positively associated
with the log-transformed total OABSS (b per year Z0.02;
95% CI: 0.005e0.039). Presence of hypertension was nega-
tively associated with the log-transformed total OABSS
(bZ�0.18; 95% CI:�0.33e0.036).

The results of the multivariable analysis for participants
with complete data (nZ174) are shown in Tables S2 and S3.

3.5. Subgroup analyses

Figure S1 and Table S4 show scatter plots for SAF and total
OABSS and the results of the multivariable analyses evalu-
ating the association between SAF and OAB by sex,
respectively. We confirmed no association of SAF with OAB
in either men or women.

4. Discussion

4.1. Summary of findings

This cross-sectional study was conducted to evaluate the
association between AGE accumulation, assessed by SAF
measured using the AGE Reader, and the prevalence and
severity of OAB defined using the OABSS in community-
dwelling elderly adults. We found no significant association
of SAF with either the likelihood of OAB or the total OABSS,
irrespective of sex. Furthermore, SAF was not associated
with the likelihood of having any of the four main symptoms
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of OAB: Daytime frequency, nighttime frequency, urgency,
and urgency incontinence.

4.2. Comparison with previous studies and
interpretation of results

To the best of our knowledge, there has been only one
observational study evaluating the association of AGEs and
OAB, in which serum and urinary AGEs were measured and
OAB was assessed using both the OAB-q score [23] and
urodynamic examination, and this study involved 40 dia-
betic patients with moderate/severe lower urinary tract
symptoms (LUTS) [9]. The authors reported that serum
AGEs exhibited a positive correlation with OAB-q score,
whereas a negative correlation was found between the
score and urinary AGEs. Moreover, increased serum AGEs
level was found to be associated with detrusor overactivity
in the urodynamic examination. The discrepancies in re-
sults between the previous study and ours could be
explained by differences not only in the methods for
measuring AGEs and OAB, but also in the characteristics of
the study participants. Only 8.6% of the participants in our
study had diabetes, and the average value of SAF was lower
than that among Japanese patients with diabetes [16,24],
but similar to that reported in a study involving healthy
elderly Japanese individuals (Table 1) [25]. It has been
shown that health-conscious people are generally more
likely to attend health check-ups [26]. Given this, we
speculate that the development of OAB requires a
threshold of AGE accumulation, and therefore, we could
not determine the effect of AGE accumulation on OAB in a
relatively healthy population. On the other hand, positive
associations of AGE accumulation with certain age-related
conditions have been observed even in the healthy popu-
lation. For example, in our previous studydconducted in
the same setting as the present studydwe found that SAF
was significantly associated with hearing impairment as
measured by the pure-tone average, and that the associa-
tion of 1 AU of SAF with hearing impairment was equivalent
to that of 6 years of actual aging in elderly community-
Table 2 Association between SAF and the log-transformed tota

Variables Log-tra

Coeffic

Model 2a

SAF, per AU 0.019 (
Model 4b

SAF, per AU �0.07
Age, per year 0.02 (0

Female sex (vs. male) �0.13
Overweight, yes (vs. no) 0.15 (�
Diabetes, yes (vs. no) 0.12 (�
Hypertension, yes (vs. no) L0.18

Smoking, yes (vs. no) �0.000

AU, arbitrary unit; CI, confidence interval; OABSS, Overactive Bladde
highlighted with boldface.

a Model 3 is used for the crude analysis of SAF via a linear regressio
b Model 4 is used for the multivariate analyses of SAF via linear regre

hypertension, overweight, and history of smoking.
dwellers [13]. These findings suggest that the effect of
AGEs on functional decline could differ between organs,
and hearing function might deteriorate linearly with AGE
accumulation over time, unlike OAB.

4.3. Clinical implications and suggestions for
further studies

To the best of our knowledge, this is the first study to
assess the association between SAF and OAB in the general
elderly population. Therefore, the data presented could
provide a helpful reference for future studies. Measure-
ment of SAF using the AGE Reader is non-invasive, simple,
and takes only a few minutes. Hence, it is a preferable
approach for use with elderly patients. Moreover, it is an
objective investigation that can avoid the weaknesses and
limitations of other subjective screening tools using
questionnaires for OAB. However, our findings suggest that
measuring SAF using the AGE Reader might not be a useful
screening test for detecting populations at high risk of
developing OAB, at least among healthy people. Further
studies including a wider range of participants, such as
diabetic and non-diabetic patients as well as healthy
subjects are required. To confirm our findings and eluci-
date the molecular biological or neurophysiological
mechanisms, future studies should also evaluate the as-
sociation between the amount of AGE accumulation in
bladder tissues measured by assays rather than the AGE
Reader and objective LUTS findings in addition to a
symptom score [27].

4.4. Strengths and limitations

This study had several limitations. First, given that the
definition of OAB used in this study was based on the
criteria defined by the Japanese Urological Association, the
presence of other urological disorders such as urinary tract
infections (UTI) or cancer could not be ruled out. UTIs are
common in patients with OAB symptoms [28], particularly
females, so symptoms of urgency and frequency may have
l OABSS.

nsformed OABSS

ient, median (95% CI) p-Value

�0.16e0.19) 0.83

(�0.26e0.12) 0.45
.005e0.039) 0.013

(�0.34e0.078) 0.22
0.011e0.31) 0.067
0.14e0.39) 0.35
(L0.33eL0.036) 0.015

5 (�0.22e0.22) 1

r Symptom Score; SAF, skin autofluorescence. p-Values <0.05 are

n model.
ssion models adjusted for age, sex, presence of diabetes mellitus,
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been related to an UTI, and not OAB. If these mis-
classifications in OAB occur disproportionately by degree of
AGE accumulation, there could be a bias in our findings; its
direction (namely, overestimation or underestimation) and
magnitude are, however, unknown. Moreover, OAB symp-
toms could be affected by benign prostatic hyperplasia in
men, as well as lifestyle and medical treatments, which
were not measured in this study. Second, our analysis may
have been statistically underpowered to detect significant
differences or relationships.

Our study, however, had several strengths. First, the
study involved community-dwellers because it is well-
demonstrated that most individuals with OAB symptoms
are likely to avoid seeking medical treatment [29]. Thus,
targeting only those who are treated for OAB in the hospital
is insufficient when evaluating the association between
clinical factors and OAB symptoms. The prevalence of OAB
in this study was similar to that reported in other
population-based studies [12,30]. Second, we excluded
people with an MMSE score of �23. Although the OABSS has
been psychometrically validated and has demonstrated
reliability, discriminant validity, and responsiveness among
patients with OAB, including the elderly [22], the score is
calculated based on self-reports, and, therefore, could be
significantly affected by cognitive function.

5. Conclusion

This study demonstrates that AGE accumulation indicated
by SAF measured using the AGE Reader was not associated
with the prevalence and severity of OAB, as defined by the
OABSS, among Japanese community-dwelling elderly in-
dividuals. Our findings suggest that measuring SAF might
not be a useful screening test for detecting populations at
high risk of developing OAB, at least among healthy people.
External validation studies which include well-defined
subjects other than healthy people, such as patients with
metabolic syndrome and/or diabetes, and exclude those
who have UTI are warranted.
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