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Usefulness of Serum Testosterone Concentration and
Skin Autofluorescence as Coronary Risk Markers in
Male Patients With Type 2 Diabetes Mellitus

Takashi Hitsumoto

Abstract

Background: No studies have reported simultaneous evaluation of
the two coronary risk markers of testosterone and skin autofluores-
cence (SAF) as a marker of advanced glycation end products in pa-
tients with type 2 diabetes mellitus (T2DM) at present. This study
aimed to clarify the clinical significance of both indicators as risk
markers of coronary artery disease (CAD), including the association
and background factors between testosterone and SAF in male pa-
tients with T2DM.

Methods: This study enrolled 162 male patients with T2DM (CAD:
n = 35). Testosterone was evaluated by serum total testosterone con-
centration (T-T). Various analyses related to T-T and SAF as coronary
risk markers were performed.

Results: T-T was significantly lower, and SAF was significantly higher
in patients with CAD than in patients with non-CAD. A significant neg-
ative correlation was found between T-T and SAF (r=-0.45, P <0.001),
and the correlation was stronger in patients with CAD than in patients
with non-CAD (non-CAD, r =-0.27, P = 0.003; CAD, r=-0.51, P <
0.001). However, both T-T and SAF had significant associations with
triglyceride-glucose index as an insulin resistance marker and cardio-
ankle vascular index as an arterial function marker. Multiple regression
analysis revealed that both T-T and SAF were selected as independent
variables to the presence of CAD as a dependent variable. However, the
odds ratio increased due to the merger of two coronary risk markers,
low T-T and high SAF (odds ratio: one risk marker: 3.24, 95% confi-
dence interval: 1.01 - 10.50, P = 0.045; two risk markers: 13.22, 95%
confidence interval: 3.41 - 39.92, P < 0.001).

Conclusions: The results of this cross-sectional study indicate that
T-T and SAF are closely related in CAD patients with T2DM. It also
shows that insulin resistance and arterial dysfunction are in the back-
ground of both indicators. Additionally, not only are both indicators
independent coronary risk markers, but the overlap of both indicators
increases their weight as coronary risk markers.
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Introduction

Type 2 diabetes mellitus (T2DM) is no doubt one of the ma-
jor coronary risk factors [1], and patients with coronary ar-
tery disease (CAD) complicated by T2DM are encountered in
daily practice. However, comprehensive therapeutic interven-
tions, including blood glucose levels and classical coronary
risk factors, significantly reduced the incidence of CAD, but
the residual risk still exists in patients with T2DM [2]. There-
fore, exploring novel coronary risk markers other than blood
glucose levels and classical coronary risk markers in patients
with T2DM is clinically meaningful with the aim of further
reducing risk.

Testosterone is known as an important sex hormone pro-
duced in the testes that maintain male health. Additionally,
researchers in the basic and clinical fields have shown that
low testosterone affects arteriosclerosis progression [3-5].
However, several reports have been presented in recent years
that have clarified the importance of low blood testosterone
concentration as a coronary risk factor in male patients with
T2DM [6, 7]. Therefore, measuring blood testosterone concen-
tration in male patients with T2DM and intervening therapeuti-
cally are expected to prevent the onset of CAD.

Several researchers have emphasized the importance of
advanced glycation end products (AGEs) in arteriosclerosis
progression [8-10]. However, medical devices that noninva-
sively measure and evaluate the accumulation of AGEs under
the skin of the examinee’s forearm have been developed and
clinically applied in recent years [11]. Clinical researchers have
shown that elevated skin autofluorescence (SAF) measured
by the device is closely related to arteriosclerosis progression
[12-14]. Additionally, recent clinical studies have revealed a
significant relationship between coronary arteriosclerosis and
SAF in patients with T2DM [15, 16].

Therefore, low blood testosterone in males and elevated
SAF are considered notable coronary risk markers in patients
with T2DM; however, to date, no study has reported a com-
bined evaluation of their clinical significance as a coronary
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risk marker, including the relationship between these two
indicators in male patients with T2DM. This study aimed to
clarify the clinical significance of both indicators as coronary
risk markers, including the association and background factors
between testosterone and SAF in male patients with T2DM.

Materials and Methods

Patients

Among the outpatient men with T2DM who presented to Hit-
sumoto Medical Clinic between December 2021 and Novem-
ber 2023, 162 consecutive patients with all clinical parameters,
including blood testosterone levels and SAF, were enrolled.
Blood testosterone concentration was evaluated by serum
total testosterone concentration (T-T) using a commercial
kit (ARCHITECT Estradiol II, Chicago, IL, USA), and SAF
was measured using a commercial device (AGE reader mu;
DiagnOptics, Groningen, the Netherlands). Various analyses
related to T-T and SAF were performed.

Ethical considerations

The clinical study complied with the ethical principles of the
Declaration of Helsinki, which is the ethical principle of medi-
cal research involving human beings. Informed consent was
obtained from all study participants, and the Institutional Re-
view Board of Hitsumoto Medical Clinic approved the study
protocol (date of approval: November 15, 2021; approval
number: HMC-2021-12R-2).

The evaluation of clinical parameters

Various clinical parameters, such as age, glucose-related indi-
cators, smoking habits, blood pressure levels, serum lipid lev-
els, history of CAD, inflammation, kidney function, and car-
dio-ankle vascular index (CAVI), were evaluated. The degree
of obesity was evaluated by body mass index. Smokers were
defined based on the description in the medical record and had
a smoking habit within the observation period of this study.
The definition of CAD in this study was defined as patients
who underwent coronary revascularization for angina pectoris
and/or myocardial infarction, judged from the description in
the medical record or the interview. Blood samples were col-
lected from peripheral veins using a standard method while
fasting, and blood glucose-related indicators, lipid-related in-
dicators, inflammation, and kidney function indicators were
evaluated. Triglyceride-glucose (TyG) index was calculated as
a marker of insulin resistance by a previous report (Ln (fasting
serum triglyceride levels (mg/dL) x fasting blood glucose lev-
els (mg/dL)/2)) [17]. Serum high-sensitivity C-reactive pro-
tein concentration (hs-CRP) was measured as an inflammatory
marker. The estimated glomerular filtration rate (eGFR) was
calculated using a Japanese report as a marker of kidney func-
tion [18]. CAVI was measured using a VaSera CAVI instru-
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ment (Fukuda Denshi, Tokyo, Japan) as a marker of arterial
function following the previously described methods [19, 20].
Oral medications, such as biguanide, dipeptidyl peptidase-4
inhibitor, sulfonylurea, thiazolidinedione, sodium-glucose
cotransporter 2 inhibitor, and statin, were evaluated, as well as
exogenous insulin use.

Statistical analysis

The commercialized software MedCalc for Windows (Med-
Calc Software, Ostend, Belgium) and Stat View-J version
5.0 (HULINKS Inc., Tokyo, Japan) was used for the statisti-
cal analysis. Continuous variables were expressed as means
and standard deviations or medians (interquartile range). The
unpaired ¢-test or Mann-Whitney U test was used to perform
comparisons between groups. Simple regression analysis was
performed using Pearson’s correlation coefficient or Spearman
rank correlation. Receiver operating characteristic curves were
created to decide the optimal cut-off point of T-T or SAF for
the presence of CAD. Multivariate analysis was performed us-
ing multiple regression analysis or multiple logistic regression
analysis. Multiple regression analysis was performed for CAD
as a dependent variable. The selection of explanatory factors
was determined by considering the multicollinearity of factors
significantly associated with CAD and factors significantly as-
sociated with T-T and SAF, and 10 factors (age, hemoglobin
Alc, TyG index, serum low-density lipoprotein cholesterol
(LDL-C) levels, hs-CRP, eGFR, CAVI, T-T, SAF, statin use)
were selected. P values of < 0.05 were considered statistically
significant.

Results

Background of patients with and without CAD

Background factors for patients with and without CAD are
shown in Table 1. A history of CAD was found in 35 patients.
There were 18 cases (11%) that met the diagnostic criteria for
hypotestosteronemia in Japan (T-T level less than 250 ng/dL).
Patients with CAD had significantly higher statin usage and
significantly lower serum total cholesterol concentration and
serum LDL-C concentration than those with non-CAD. Age,
TyG index, serum triglyceride concentration, hs-CRP, and
CAVI were significantly higher, but eGFR was significantly
lower in patients with CAD than in those without. However,
T-T was significantly lower (non-CAD vs. CAD, 520.5 +
149.9 ng/dL vs. 341.8 + 161.1 ng/dL, P <0.001), and SAF was
significantly higher (non-CAD vs. CAD, 2.7 + 0.5 arbitrary
unit vs. 3.4 + 0.5 arbitrary unit, P < 0.001) in patients with
CAD than in those without.

Correlation between T-T and SAF

Figure 1 shows a correlation between T-T and SAF. A signifi-
cantly negative correlation was found between T-T and SAF in
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Table 1. Clinical Characteristics of the Studied Groups

Overall (n =162) Non-CAD (n =127) CAD (n=35) P value
Age (years) 69 £11 67+10 73+£13 0.005
Smoker, n (%) 47 (29) 38 (30) 9 (26) 0.129
SBP (mm Hg) 131+ 19 13119 131 £21 0.853
DBP (mm Hg) 81+ 11 81+ 11 82+ 11 0.783
FBG (mg/dL) 131+20 130+ 15 133 +28 0.385
HbAlc (%) 7.1+1.2 7.0+1.2 73+1.1 0.264
TyG index 9.0+0.6 8.9+0.6 93+0.5 <0.001
Total cholesterol (mg/dL) 186 + 39 191 £ 38 167 £ 37 0.002
LDL cholesterol (mg/dL) 113 +37 120 + 34 89 + 34 <0.001
Triglyceride (mg/dL) 142 + 68 131 £60 183 £ 78 <0.001
HDL cholesterol (mg/dL) 44 £ 13 44 + 13 42 +£10 0.310
hs-CRP (mg/L) 0.7 (0.3-1.7) 0.6 (0.2 - 1.6) 1.1 (0.5-2.7) 0.023
eGFR (mL/min/1.73 m?) 66 £21 69 £21 57+21 0.004
CAVI 9.1+1.3 88+1.1 10.1+1.6 <0.001
T-T (ng/dL) 481.9 £169.0 520.5+149.9 341.8 +161.1 <0.001
SAF (arbitrary unit) 2.8+0.5 2.7+0.5 34+0.5 <0.001
Medication
Biguanide, n (%) 74 (46) 62 (49) 12 (34) 0.128
DPP-4 inhibitor, n (%) 106 (65) 79 (62) 27 (77) 0.101
Sulfonylurea, n (%) 47 (29) 33 (26) 14 (40) 0.107
Thiazolidinedione, n (%) 17 (10) 13 (10) 4(11) 0.927
SGLT?2 inhibitor, n (%) 37 (23) 29 (23) 8(23) 0.998
Insulin, n (%) 24 (15) 20 (16) 4 (11) 0.527
Statin, n (%) 93 (57) 64 (50) 29 (83) <0.001

Continuous values are presented as mean + SD or median (25th - 75th percentile). CAD: coronary artery disease; SBP: systolic blood pressure;
DBP: diastolic blood pressure; FBG; fasting blood glucose; HbA1c: hemoglobin A1c; TyG: triglyceride-glucose; LDL: low-density lipoprotein; HDL:
high-density lipoprotein; hs-CRP: high-sensitivity C-reactive protein; eGFR: estimated glomerular filtration rate; CAVI: cardio-ankle vascular index;

T-T: total testosterone; SAF: skin autofluorescence; DPP: dipeptidyl peptidase; SGLT2: sodium glucose cotransporter 2; SD: standard deviation.

all study groups (r = -0.45, P < 0.001). However, the correla-
tion was stronger in patients with CAD than in those without,
according to the correlation with the presence or absence of
CAD (non-CAD, r = -0.27, P = 0.003; CAD, r = -0.51, P <
0.001).

Correlations between T-T, SAF, and various clinical pa-
rameters

Table 2 shows the correlation between T-T, SAF and vari-
ous clinical parameters. T-T had significantly negative cor-
relations with age, fasting blood glucose levels, hemoglobin
Alc, TyG index, serum triglyceride concentration, hs-CRP,
and CAVI. However, T-T had a significantly positive correla-
tion with eGFR. SAF had significantly positive correlations
with age, smoking habits, fasting blood glucose levels, he-
moglobin Alc, TyG index, serum triglyceride concentration,
hs-CRP, and CAVI. However, SAF had a significantly nega-

tive correlation with eGFR and sodium-glucose cotransporter
2 inhibitor use.

Multiple regression analysis for CAD

The results of multiple regression analysis for CAD are shown
in Table 3. Five factors (LDL-C, CAVI, SAF, T-T, and TyG
index) were selected as independent variables to CAD as a de-
pendent variable.

CAD risks due to the combination of T-T and SAF

Figure 2 shows the study results on CAD risks by combining
T-T and SAF. The optimal cut-off values for detecting CAD
based on receiver operating characteristic curve analysis were
474.5 ng/dL for T-T and 3.0 arbitrary unit for SAF. However,
the odds ratio (OR) significantly increased by combining the
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Figure 1. Correlation between T-T and SAF. (a) All patients. (b) Non-CAD patients. (c) CAD patients. There was a significant
negative correlation between T-T and SAF in all study groups ((a) r = -0.45, P < 0.001). However, as a result of examining the
correlation with the presence or absence of CAD, the correlation was stronger in CAD patients than in non-CAD patients ((b)
non-CAD: r =-0.27, P =0.003; (c) CAD: r =-0.51, P < 0.001). T-T: total testosterone; SAF: skin autofluorescence; CAD: coronary

artery disease; AU: arbitrary unit.

low T-T with the high SAF (OR: one risk marker: 3.24, 95%
confidence interval: 1.01 - 10.50, P = 0.045; two risk mark-
ers: 13.22, 95% confidence interval: 3.41 - 39.92, P<0.001).

Discussion

This study aimed to clarify the clinical significance of both
indicators as coronary risk markers, including the association
and background factors of T-T and SAF in male patients with
T2DM. Multiple regression analysis revealed that decreased
LDL-C levels were selected as the strongest variable to CAD
as a subordinate factor, this may be due to the active use of
statins to reduce LDL-C levels in CAD patients compared to
non-CAD patients for the prevention of coronary secondary
events. However, as in previous reports, in the results of this
study, T-T were significantly lower, and SAF were significant-
ly higher in patients with CAD than in those without. In addi-
tion, a significantly negative correlation was found between
T-T and SAF, and the correlation was stronger in patients with
CAD than in those without. T-T and SAF were significantly
correlated with the TyG index, which is an insulin resistance
indicator, and CAVI, which is an arterial function indicator, re-
spectively; and the TyG index and CAVI were also selected as
independent variables to the presence of CAD as the subordi-
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nate factor. Additionally, not only were low T-T and high SAF
each selected as independent variables for CAD as a dependent
factor, but OR were significantly increased by assessing both
measures at the same time.

Relationships between testosterone and AGEs

Several basic research results have been reported showing an
association between testosterone and AGEs. Qi et al reported
that AGEs inhibit Leydig cell production in rats [21]. Addi-
tionally, Zhao et al show that oxidative stress and endoplasmic
reticulum stress are involved in inhibiting testosterone produc-
tion by AGEs [22]. Therefore, the mechanism of AGEs sup-
pressing testosterone production in testicular has a possibility
to cause the significant negative association between T-T and
SAF obtained in this study. However, study results indicate
a stronger association between T-T and SAF in patients with
CAD than in those without. Therefore, testosterone and AGEs
are closely related in the coronary arteries and cause the de-
velopment of coronary atherosclerotic lesions. A study by Xie
et al using human umbilical endothelial cells reported that tes-
tosterone within the physiological range ameliorates disorders
caused by AGEs [23]. Therefore, lower testosterone and ele-
vated AGEs cause coronary endothelial dysfunction with each
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Table 2. Correlation Between T-T, SAF and Various Clinical
Parameters

r

T-T SAF
Age (actual value) -0.22%* 0.21%*
Smoker (no =0, yes = 1) 0.09 0.23**
SBP (actual value) -0.09 0.04
DBP (actual value) -0.10 0.07
FBG (actual value) -0.18%* 0.19%
HbA ¢ (actual value) -0.22%* 0.23**
TyG index (actual value) -0.29%** 0.20%*
Total cholesterol (actual value) 0.15 0.12
LDL cholesterol (actual value) 0.14 0.11
Triglyceride (actual value) -0.30%** 0.20%**
HDL cholesterol (actual value) 0.16 -0.13
hs-CRP (actual value) -0.35%** 0.38%**
¢GFR (actual value) 0.17* -0.25%*
CAVI (actual value) -0.48*** 0.44%**
Biguanide (no =0, yes = 1) 0.02 -0.03
DPP-4 inhibitor (no =0, yes = 1) -0.13 -0.07
Sulfonylurea (no =0, yes = 1) -0.11 -0.03
Thiazolidinedione (no =0, yes = 1) 0.11 -0.10
SGLT2 inhibitor (no =0, yes = 1) 0.15 -0.20%**
Insulin (no =0, yes=1) -0.14 0.07
Statin (no =0, yes = 1) -0.16 0.17

r expressed correlation coefficient. *P < 0.05, **P < 0.01, ***P < 0.001.
T-T: total testosterone; SAF: skin autofluorescence; SBP: systolic blood
pressure; DBP: diastolic blood pressure; FBG; fasting blood glucose;
HbA1c: hemoglobin A1c; TyG: triglyceride-glucose; eGFR: estimated
glomerular filtration rate; LDL: low-density lipoprotein; HDL: high-den-
sity lipoprotein; hs-CRP: high-sensitivity C-reactive protein; CAVI: car-
dio-ankle vascular index; DPP: dipeptidyl peptidase; SGLT2: sodium
glucose cotransporter 2.

other, indicating its contribution to a significant association
between the two indices in patients with CAD in this study.
Several researchers have focused on the importance of chronic
low inflammation levels in the progression of coronary athero-
sclerotic lesions [24, 25]. Study results revealed that hs-CRP,
which is an inflammation indicator, was significantly higher
in patients with CAD than in those without although with no
significant factor in the multiple regression analysis. Addition-
ally, both T-T and SAF were significantly related to hs-CRP
in univariate analysis. However, several researchers have re-
vealed a close relationship between low testosterone or high
AGEs and inflammation in coronary artery vessels [26, 27].
Therefore, inflammation may be involved in the background
of the negative correlation between T-T and SAF in patients
with CAD. Basic and clinical studies on the relationship be-
tween testosterone and AGEs focusing on coronary arteries
and inflammation are hoped to be conducted in the future to
clarify this issue.
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Table 3. Multiple Regression Analysis for CAD

Explanatory factor B P value
LDL cholesterol -0.27 <0.001
CAVI 0.26 <0.001
SAF 0.22 0.014
T-T -0.18 0.029
TyG index 0.15 0.047
Statin 0.13 0.101
eGFR -0.12 0.089
hs-CRP 0.04 0.580
Age 0.02 0.729
HbA1C 0.01 0.929

R2 =0.34, P < 0.001. CAD: coronary artery disease; LDL: low-density
lipoprotein; CAVI: cardio-ankle vascular index; SAF: skin autofluores-
cence; T-T: total testosterone; TyG: triglyceride-glucose; eGFR: esti-
mated glomerular filtration rate; hs-CRP: high-sensitivity C-reactive
protein; HbA1c: hemoglobin A1c; B: standardized regression coeffi-
cient; R?: coefficient of determination.

Testosterone, SAF, and TyG index

Several researchers have pointed out that insulin resistance
plays an important role in arteriosclerosis development [28,
29]. Additionally, the TyG index, which is an indicator of in-
sulin resistance, is recently reported to be significantly as-
sociated with patients with T2DM with CAD [30, 31]. This
result is consistent with the results obtained in this study.
However, this study revealed a significant association be-
tween the TyG index for both T-T and SAF. Several research-
ers have confirmed a significant association between the TyG
index and lower blood testosterone levels in male patients
with T2DM, similar to the study results [32, 33]. However,
to the author’s knowledge, this is the first study to investi-
gate the relationship between SAF and the TyG index in male
patients with T2DM. Follow-up studies are hoped to be con-
ducted on the relationship between SAF and the TyG index,
including intervention trials.

Testosterone, SAF, and CAVI

CAVlis not only an indicator of systemic arterial stiffness [19],
but also reflects vascular endothelial function in patients with
T2DM [34] and is attracting attention as a new arteriosclero-
sis indicator. Additionally, several reports of high CAVI levels
have been reported in patients with T2DM with CAD [35, 36],
which is consistent with the study results. However, both T-T
and SAF were significantly related to CAVI in this study. In
addition, existing reports have shown an association between
arterial stiffness and hypotestosteronemia or high SAF, sup-
porting the validity of the findings [37, 38]. This study focused
on CAD, but existing reports emphasized that CAVI is associ-
ated with arteriosclerotic lesion progressions throughout the
body, such as cerebrovascular disease, heart failure, and kid-
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Figure 2. CAD risks due to the combination of T-T and SAF. The optimal cut-off values for detecting CAD based on receiver oper-

ating characteristic curve analysis were 474.5 ng/dL for T-T (a),

and 3.0 AU for SAF (b). However, the OR significantly increased

by combining the low T-T with the high SAF (c) (OR: one risk marker: 3.24, 95% CI: 1.01 - 10.50, P = 0.045; two risk markers:
13.22, 95% CI: 3.41 - 39.92, P < 0.001) The analysis was corrected by the LDL-C, CAVI, TyG index, and age, and the bar ex-
pressed 95% CI. *P = 0.039, **P < 0.001. CAD: coronary artery disease; T-T: total testosterone; SAF: skin autofluorescence;

OR: odds ratio; Cl: confidence interval; AU: arbitrary unit; AUC:
CAVI: cardio-ankle vascular index; TyG: triglyceride-glucose.

ney disease [39-41]. Further, from this point of view, T-T and
SAF are considered contributors not only to the development
of CAD but also to various arteriosclerosis-related diseases
through vascular insufficiency in male patients with T2DM.
Therefore, additional research related to various arteriosclero-
sis diseases focusing on two indicators, including T-T and SAF
in male patients with T2DM, are hoped to be conducted in the
future.

Usefulness of simultaneous measurement evaluation of
T-T and SAF

The cut-off values of T-T and SAF (T-T: 474.5 ng/dL, SAF:
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area under the curve; LDL-C: low-density lipoprotein cholesterol;

3.0 arbitrary unit) specified by CAD were determined by re-
ceiver operating characteristic curves to evaluate the useful-
ness of simultaneous measurement evaluation of T-T and SAF
in this study, and multiple logistic regressions analysis deter-
mined the overlapping weight of these two indicators to CAD.
The result revealed increased OR to CAD due to the overlap
of these two indicators. This is not a prospective study but a
cross-sectional study, and therapeutic interventions based on
the required cut-off values, which are expected to prevent the
onset of CAD events in male patients with T2DM in daily
practice, despite related limitations. However, both T-T and
SAF are related to lifestyle [20, 42-44], indicating that active
lifestyle modifications for male patients with T2DM having
these two indicators may be important in addition to manage-
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ment, such as blood glucose and LDL-C reduction for CAD
event prevention.

Limitations

The limitations of this study are described below. First, many
patients with non-CAD were not evaluated for coronary ar-
tery stenosis using coronary angiography or coronary com-
puted tomography angiography. Existing reports indicate that
asymptomatic patients with diabetes have 30.5% of cases of
significant coronary stenosis using coronary computed to-
mography angiography [45]. Therefore, it cannot be ruled
out that cases with asymptomatic coronary artery stenosis are
included in patients with non-CAD, and thus, caution should
be exercised in the result interpretation. Second, this was a
cross-sectional study conducted at a single institution in Ja-
pan, and the number of cases is relatively small. It is neces-
sary to consider whether the same results will be achieved in
other races. Furthermore, prospectively verifying the useful-
ness of combined evaluation of T-T and SAF in male patients
with T2DM using a larger number of cases from multiple in-
stitutions, including intervention trials such as testosterone
replacement therapy and AGEs-lowering therapy, is desirable
in the future.

Conclusions

The results of this cross-sectional study indicate that T-T and
SAF are closely related in CAD patients with T2DM. It also
shows that insulin resistance and arterial dysfunction are in the
background of both indicators. Additionally, not only are both
indicators independent coronary risk markers, but the overlap
of both indicators increases their weight as coronary risk mark-
ers. Large prospective studies that include intervention thera-
pies are required to validate the study results.
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