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Abstract
Background: Type-2 diabetes (T2D) has been associated with increased endogenous formation of
advanced glycation end products (AGEs). Their accumulation in different tissues including articular
collagen, skeletal and smooth vascular muscles, or glomerular basement membranes in T2D patients
have been implicated.

Objective: To assess the potential association of T2D in skin ageing associated with AGEs in Chinese
population.

Methods: A multicentre study was conducted in Chinese population of 560 subjects aged between 50 and
70 years who were evenly assigned in two groups of 280 each, paired by health status (healthy/diabetic),
gender, and age group well balanced for hormonal replacement therapy/menopausal status, body mass
index (BMI), smoking status and skin characteristics. Skin conditions were examined by a dermatologist
and skin auto�uorescence (SAF) a marker of AGEs measured by a validated non-invasive in vivo
measurement technique.

Results: The results from this study con�rmed the association of diabetes and skin ageing as increased
AGEs accumulation were measured using SAF and contributed evidence on gender and ethnic origin on
AGEs variations. This study opens the path of further investigation into the identi�cation of signi�cant
effects of diabetes on major facial skin complexion parameters.

1. Introduction
Diabetes mellitus or Type 2 diabetes (T2D) is a metabolic disorder characterized by chronic
hyperglycaemia [1]. Dermatological complications are common in diabetic subjects, with about 30% of
patients experiencing cutaneous involvement such as acanthosis nigricans, necrobiosis lipoidica,
diabetic dermopathy, etc. [2]. These complications could be a result of hyperglycaemia and decreased
insulin or could be associated with speci�c chronic complications of the disease as well as antidiabetic
drugs treatment or secondary endocrine and metabolic disorders [2, 3]. The disturbed epidermal barrier
function in diabetic subjects frequently increases the susceptibility to bacterial and fungal infections,
which could occur less frequently in healthy people. Speci�c skin disorders such as necrobiosis lipoidica
diabeticorum, scleroderma adultorum, acanthosis nigricans, are the result of diabetic vasculopathy and
neuropathy [3].

Higher perceived age on the face has also been associated with high serum glucose levels [4]. High levels
of glucose in diabetes can react by nonenzymatic Maillard reactions with proteins to form unstable,
highly reactive proteins with carbohydrate adduct [5, 6]. These products are termed advanced glycation
end products (AGEs) and are known to crosslink collagen [7].

Although the AGEs formation is associated with normal ageing [8], their progression may be accelerated
in diabetic subjects because of their elevated blood sugar [8, 9]. Furthermore, excessive AGEs are
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associated with the pathogenesis of microvascular and macrovascular complications, which affect
organs in the nervous system, the heart, the kidneys, and small blood vessels [10].

Several studies have demonstrated that elevated skin auto�uorescence (SAF) re�ects skin AGEs and can
be used as biomarkers of diabetes [11, 12, 13, 14]. Additionally, SAF highly correlates with diabetic
complications, and it is a predictive factor for diabetic retinopathy and nephropathy [13, 14, 15]. Both SAF
and loss of skin elasticity increase with age, suggesting an implication of AGEs in the cutaneous
alterations observed with ageing [16]. However, the direct contribution of glycation to the loss of skin
elasticity is not yet clearly demonstrated.

In China, with the rapid economic growth and urbanization, lifestyle changed signi�cantly. Over the past
40 years, the prevalence of diabetes in China has increased from less than 1 to 12.8% in 2018, and the
prevalence of prediabetes is 35.2%, making it the country with the largest number of diabetes cases in the
world [17]. Additionally, the national survey in China also showed that a large proportion of diabetes was
undiagnosed and that patients with newly diagnosed diabetes accounted for 60% of the total diabetic
population [18]. Consequently, it is striking that diabetic nephropathy among those with T2D has become
one of the most important public health crises in China, and there is an urgent need to assess the
epidemiological characteristics and risk factors of diabetic nephropathy in T2D in China to implement
effective interventions [19].

Having speci�c and simpler methods such as SAF will be useful in measuring AGEs formation and its
rapid progression due to elevated blood sugar levels in diabetic subjects to prevent further microvascular
and macrovascular complications.

This is a report of the �ndings from a study, regarding the potential in�uence of T2D in dermatological
complications and skin ageing associated with AGEs determined by SAF in a Chinese population.

2. Material And Methods

2.1 Subjects
A total of 560 participants (280 type-2 diabetic participants and 280 healthy participants) were recruited
from 4 different cities in China (Beijing, Shanghai, Chengdu, and Guangzhou) for an epidemiological
study assessing lifestyle parameters and demographic variables of patients with Type 2- diabetes (T2D)
and the effect of those factors on skin complexion by measuring advanced glycation end products
(AGEs) levels using skin auto�uorescence (SAF).

All the diabetic participants had a history of T2D, meeting the criteria de�ned by the American Diabetes
Association, fasting plasma glucose ³126 mg/dL (7.0 mmol/L) or 2-hour plasma glucose ³200 mg/dL
(11.1 mmol/L) during oral glucose tolerance test or A1C ³6.5% (48 mmol/mol) or in a patient with classic
symptoms of hyperglycaemia or hyperglycaemic crisis, a random plasma glucose ³200 mg/dL (11.1
mmol/L) [20].   The subjects were between 50-70 years of age, with body mass index (BMI) between 19
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and 35. The study was approved by the local ethics committee. The informed consent form was written
in Chinese (native language) and signed by each participant. The diabetic participants were matched with
the healthy participants as per the following rules:

1:1 female to males

1:1 healthy to diabetic participants evenly distributed into 4 age groups (50-54, 55-59, 60-64, 65-70
years old)

140 participants from each site in China: Guangzhou, Beijing, Shanghai, Chengdu

Quality of life was assessed using the Chinese Quality of Life Instrument (ChQOL). According to Leung’s
validated method, the 13 items of the Quality-of-Life Questionnaire were gathered in 3 main domains
(physical form, spirit, and emotion) and an overall score was calculated by adding the item scores from 0-
100 points [21]. The same method was used to get the domain scores and overall scores.

2.2 Facial skin dermatological evaluation
Skin features were qualitatively assessed using standardized high-resolution digital photographs of the
face of the participant (face and pro�le) and quantitatively assessed during the clinical evaluation by a
dermatologist. Pigmentary spots and wrinkles were assessed on the face to evaluate skin photo-damage
according to the grading of Chung for facial wrinkles severity and dyspigmentation [22]. The severity of
the wrinkles was assigned grades 0-7, thus making an 8-point scale where 0 represents no wrinkles and 7
indicates severely wrinkled [22]. The grade of pigmentation used a 6-point scale method, with 0
representing no dyspigmentation and 5 representing severe dyspigmentation [22]. Skin slackening was
assessed using Tsukahara’s grading scores, 1-2 for slight, 3-4 for mild, 5-6 for moderate, 7-8 for severe,
and 9-10 for very severe sagging [23]. The dark circles and bags under the eyes were also both scored on
quantitative scales, with 1 for never, 2 for seldom, 3 for often, and 4 for always. Cutaneous
manifestations of diabetes and skin phototype typing according to Fitzpatrick’s scale were examined
[5,24]. Higher scores denote worse skin conditions.  

2.3 Quanti�cation of AGEs in skin
SAF was examined on the inner forearm using the AGE Reader (DiagnOptics BV, The Netherlands) [14].
AGE Reader is a diagnostic device that measures the tissue accumulation of AGEs noninvasively using
the �uorescence of ultraviolet light. Brie�y, the skin was irradiated with a UV source (λmax 350 nm) and
the emitted �uorescence (λem) was measured between 420 and 600 nm. SAF was calculated by dividing
the mean �uorescence intensity per nm (over the entire emission spectrum range 420 – 600 nm) by the
average �uorescence per nm (in the range of 300 – 420 nm). The re�ectance (RI) was determined from
the spectra obtained during the skin measurement and those against the white standard, both after
subtraction of the respective dark measurements. SAF was considered unreliable if RI was below 6%.
Measurement was the mean of 3 measures per person.
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2.4 Statistical analysis
The subjects were classi�ed into 4 age groups (50-54, 55-59, 60-64, and 65-70). Age and health status
in�uence was �rst analysed by ANOVA, and the difference between the age groups ranked after a
Newman Keuls test. Health status, gender, and age group are categorical descriptive variables. Multiple
linear regressions were used to determine the association of T2D and SAF with the descriptive variables
mentioned above. Least square means was used to predict the behaviour of the variables; results were
reported along with the signi�cance levels. As the scales for overall severity of facial wrinkles and the
presence of dyspigmentation were different for men and women, they were also analysed by gender in
addition to a global test. Statistical analyses were performed with Statgraphics plus Centurion package
and SAS version 9. 

3. Results

3.1 Clinical characteristics
The clinical characteristics of the 560 (50–70 years old) included subjects are summarized in Table 1.
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Table 1
Clinical characteristics of the two study groups according to health status

  HEALTHY TYPE-2 DIABETES a

Number 280 280

Gender (male/female) b 140/140 140/140

Menopausal n - % (females) 109–77.8% 116–82.8%

Age (years ± SD) 59.53 ± 6.31 60.52 ± 6.59

BMI (kg/m2 ± SD) 24.48 ± 3.14 24.50 ± 2.81

Hip to waist ratio (± SD) 1.12 ± 0.07 1.10 ± 0.10

Smoking (n - %) c 82–58.5% 73–52.1%

Glycemia (mmol/L 95% CI) 5.34–5.50 5.56–5.71 *

Glycated Haemoglobin (mmol/L 95% CI) 5.34–5.49 5.54–5.86 *

a Mean diabetes duration (± SD) was 9.71 (± 5.58) years

b Half of each gender and group were between 50 and 59 years and the other half between 60 and 70
years old

c All males except for 2 females in the diabetic group

* p < 0.01

[Table 1]

Participants were evenly assigned and paired as per health status (healthy/diabetic groups) and gender
(male/female). Participants in each health status group were well balanced by menopausal status
(females), mean age, BMI, hip to waist ratio, and smoking status.

The mean diabetes duration was 9.71 years in the T2D group. As expected, the 95% con�dence interval
(95% CI) of glycemia and glycated haemoglobin was signi�cantly higher in the diabetic group than in the
healthy group (p < 0.01).

3.2 The effect of T2D and age on skin complexion in the
Chinese population
The statistical analysis of least square means of skin complexion variables between healthy and diabetic
groups showed that skin complexion was mostly not associated to T2D (Table 2). Statistically signi�cant
difference was reported in dark circle around eyes being worse in the healthy group (p < 0.05) than T2D
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group (Table 2). Other parameters as facial wrinkles severity, dyspigmentation, slackening, and bag under
eyes were not signi�cantly associated with health status (Table 2). Skin complexion was highly
associated with gender. Skin phototype (3.83 vs 3.61 p < 0.01), skin type (3.31 vs 3.14 p < 0.05) and facial
wrinkles severity (4.68 vs 4.45 p < 0.01) were higher in males than females. Males presented darker tan
score and more dyspigmentation then females (p < 0.01). Cutaneous dryness (0.27 vs 0.20 p < 0.05) was
higher in females. Females presented more cutaneous allergy and skin reaction to cosmetic products
than males (p < 0.01).

 
Table 2

Least square means of grading of listed skin characteristics in healthy and diabetic groups

  HEALTHY TYPE-2 DIABETES pa

Facial Wrinkles Severity 4.53 4.60 ns

Dyspigmentation 3.84 3.82 ns

Skin Slackening 7.33 7.43 ns

Dark Circle around Eyes 2.34 2.25 < 0.05

Bag under Eyes 3.18 3.21 ns

GRADING: Facial Wrinkles Severity: grades 0–7, where 0 represent no wrinkles and 7 indicates
severely wrinkled; Pigmentation: 6-point scale, with 0 representing no dyspigmentation and 5
representing severe dyspigmentation; Skin slackening (Tsukuhara´s grading): 1–2 for slight, 3–4 for
mild, 5–6 for moderate, 7–8 for severe, and 9–10 for very severe sagging; Dark circles around eyes
and bags under eyes: scored with 1 for never, 2 for seldom, 3 for often, and 4 for always.

a among the 4 healthy and T2D groups

[Table 2]

The analysis of these same parameters, facial wrinkles severity, dyspigmentation, slackening, and bag
under eyes by age group showed that the skin complexion worsens with age. The only difference was
that the dark circle around the eyes were signi�cantly different between age groups but not directly
related to ageing (Table 3).
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Table 3
Least square means of listed skin characteristics by age subgroups between healthy and T2D groups
AGE SUBGROUP

(age in years)

50–54 55–59 60–64 65–70 p a

Facial Wrinkles Severity 3.93 4.43 4.62 5.28 < 0.01

Dyspigmentation 3.50 3.72 3.78 4.32 < 0.01

Skin Slackening 6.39 7.15 7.56 8.43 < 0.01

Dark Circle around Eyes 2.31 2.24 2.44 2.18 < 0.01

Bag under Eyes 2.99 3.13 3.17 3.48 < 0.01

GRADING: Facial Wrinkles Severity: grades 0–7, where 0 represent no wrinkles and 7 indicates
severely wrinkled; Pigmentation: 6-point scale, with 0 representing no dyspigmentation and 5
representing severe dyspigmentation; Skin slackening (Tsukuhara´s grading): 1–2 for slight, 3–4 for
mild, 5–6 for moderate, 7–8 for severe, and 9–10 for very severe sagging; Dark circles around eyes
and bags under eyes: scored with 1 for never, 2 for seldom, 3 for often, and 4 for always.

a among the 4 age groups

[Table 3]

3.3 Association of AGEs with health status, gender, and age
Our results showed that the least square mean of SAF was signi�cantly higher (p < 0.01) in the T2D group
(2.77) than in healthy group (2.56) and signi�cantly higher (p < 0.01) in males (2.80) compared to
females (2.54). In addition to diabetes and gender, age was also found to be directly related to SAF (Table
4). These results show a direct association with T2D and AGEs.
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Table 4
Least square means of skin auto�uorescence by health status,

gender, and age subgroups

  Skin auto�uorescence LSM P a

Health Status Healthy Type-2 diabetes < 0.01

2.56 2.77

Gender Males Females < 0.01

2.80 2.54

Age subgroup 

(age in years)

50–54 55–59 60–64 65–70 < 0.01

2.52 2.66 2.71 2.78

a among all the respective groups

LSM: Least Square Means

[Table 4]

The correlation between the SAF and skin complexion (wrinkles and dyspigmentation) between the
groups was further investigated. According to the 8-point scale method for measuring the severity of the
wrinkles, most subjects were between grade 3–7, with only 1 subject grade 2 and no subjects in grades 0
and 1.

The mean ± SD and 95% CI of SAF were 2.52 ± 0.48, 95% CI: 2.39–2.64 for grade 3; 2.69 ± 0.59, 95% CI:
2.62–2.77 for grade 4; 2.68 ± 0.58, 95% CI: 2.59–2.76 for grade 5; 2.69 ± 0.55; 95% CI: 2.55–2.83 for
grade 6 and 3.00 ± 1.04, 95% CI: 2.53–3.47 for grade 7 respectively. Due to the low number of subjects
with grade 2 (n = 1) and grade 7 (n = 19), grade 2 was combined with grade 3, and grade 7 was combined
with grade 6. (Fig. 1).

[FIGURE 1]

For dyspigmentation analysis, SAF results were 2.38 ± 0.56 (mean ± SD), 95% CI: 1.89–2.87 for grade 2;
2.57 ± 0.57, 95% CI: 2.49–2.65 for grade 3; 2.70 ± 0.59, 95% CI: 2.62–2.77 for grade 4; 2.81 ± 0.55, 95% CI:
2.69–2.92 for grade 5 and 3.19 ± 0.95, 95% CI: 2.67–3.71 for grade 6.

High standard deviation of SAF was observed in the group with grade 2 dyspigmentation, which might be
due to the low number of volunteers (n = 5) in this group. Therefore, grade 2 (n = 5) was combined with
grade 3, and the grade 6 (n = 13) was combined with grade 5.

The correlation was analysed among groups with combined grade 2 + 3, grade 4, and combined grade 5 
+ 6 (Fig. 2). ANOVA analysis showed that a signi�cant correlation between the grade of dyspigmentation
and SAF (p < 0.01).



Page 10/17

[FIGURE 2]

3.4 Quality of Life Assessment
Healthy group had consistently higher signi�cant values in most of the items of assessed.

The overall score for Quality of Life (Table 5) was signi�cantly higher (p < 0.01) in healthy group (53.57 vs
55.38) as the three domains assessed (physical form, spirit, and emotion).

 
Table 5

Chinese Quality of Life Questionnaire scores

    HEALTHY TYPE-2 DIABETES pa

Physical Form Complexion 55.26 53.22 < 0.05

Sleep 57.46 54.99 < 0.05

Stamina 54.74 53.29 < 0.05

Appetite and Digestion 55.66 54.77 ns

Adaptation to climate 54.06 52.65 ns

Spirit Consciousness 64.12 60.61 < 0.01

Thinking 58.40 55.62 < 0.01

Spirit of Eye 52.02 51.24 ns

Verbal Expression 52.33 51.02 < 0.05

Emotion Joy 55.11 53.41 < 0.05

Anger 54.36 52.50 < 0.01

Depressed mood 53.53 51.82 < 0.01

Fear & anxiety 52.03 50.77 ns

Domains Physical form 55.33 53.73 < 0.01

Spirit 57.75 55.37 < 0.01

Emotion 53.86 52.19 < 0.01

Overall Quality of Life 55.38 53.57 < 0.01

a among all the respective groups

[Table 5]

4. Discussion
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Previous studies have shown that epidermal barrier function and skin thickness are altered in diabetic
patients and are correlated with glycaemic control and AGEs [25]. Skin elasticity is lost as years go by
and the accumulation of AGEs in elderly people may contribute to this process [16].

The mean duration of diabetes among the subjects in the diabetic group was close to 10 years. During
the study, the level of glycemia (95% CI: 5.56–5.71 mmol/L) of the diabetic group, although signi�cantly
higher than that of the healthy group, was less than the diagnostic standard of 7.0 mmol/L indicating a
good glycaemic control in the diabetic group.

The overall score for Quality of Life was signi�cantly higher (p < 0.01) in healthy group (53.57 vs 55.38)
as the three domains assessed (physical form, spirit, and emotion).

Although normal dermatological changes occur with ageing, pathophysiological changes in the skin are
more frequent in diabetic patients [27]. Elevated serum glucose levels and its pathophysiological
components have been identi�ed as responsible for this dermatological condition. The study showed that
there is a lack of any clear in�uence of T2D when pharmacologically treated, in facial wrinkles severity,
dyspigmentation, slackening, and bag under eyes which were in fact directly related to ageing when
compared to this variable. The only investigated skin complexion parameter showing signi�cant
differences between the healthy and diabetic groups was dark circle around eyes that was documented to
be worse in the healthy group (p < 0.05) than in the T2D group.

SAF level quanti�es the glycation level on each individual and allows to study the possible correlations
between the clinical signs of ageing and the glycation level. Some variation of SAF level was observed
between the healthy and the diabetes group .

Dark circles around eyes parameter were not consistently in�uenced by ageing. Even if the differences
dark circles around eyes in each age group were statistically signi�cant, variations worsened and
improved randomly with advancing age.

Other important parameters are AGEs with published evidence of their important role in skin ageing [28].
SAF has been used as an independent predictor of micro and macrovascular complications in studies
previously conducted in Europe [11, 13]. This study con�rmed that in the Chinese population across 4
sites, SAF was elevated in the diabetic group compared to the healthy group. We agree with the study
results of Lutgers et al, where SAF was reported to be higher in T2D patients compared with age-matched
control subjects [11]. Moreover, in the study SAF had a positive association with age which is conceivably
related to increased glycation involved in the normal physiology of ageing skin [11].

Gender and ethnic factors may have an in�uence on SAF. However, their impact has not been as
consistently determined as that of ageing [29, 30]. In this study SAF was reported higher in men than in
women (Table 4). On the contrary, Koetsier et al. found a small, non-signi�cant gender difference in
certain sub-populations within current smokers with women having a higher SAF [12]. Furthermore, the
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mean value of SAF for the healthy group in our study was 2.56, that in comparison to the results
published by Yue et al. had better outcomes in the reference values given for the Chinese population [30].

When investigating the relationship between SAF and the wrinkle score and the dyspigmentation score, a
correlation was observed between the SAF level and the dyspigmentation level. AGEs were shown to
stimulate melanin synthesis and pigmentation in vitro by Lee [31] and could worsen skin
dyspigmentation.

5. Conclusions
As observed from the data collected, this study with its current design could not identify any critical
effects of diabetes on facial skin complexion parameters in the Chinese population. Parameters
measured included facial wrinkles severity, dyspigmentation, slackening, and bag under eyes were found
to be directly correlated with age, as expected, and hence adding control credibility to the data collected in
this study.

Taken together, a multicentre study with 280 T2D and 280 healthy control subjects in China, con�rmed
that the SAF continues to be a reliable tool of AGEs accumulation which is related to long-term
complications of diabetes [33], particularly in the cardiovascular �eld [34]. AGEs have also been related
as biomarkers for different complications in T2D patients [35], different than the skin ones intended in
this study. It also supported the fact that SAF shows differences in males than females and that gender,
ethnicity and race may play a major role in these variations. Finally, these implications need to be
substantiated with further research �ndings that explore more closely the biological links between
glycation and pigmentation heterogeneity.

SAF was previously reported to be correlated with the skin yellowness linked to ageing, however no
investigation on dyspigmentation was performed in that study [36]. Our study, for the �rst time,
demonstrated a signi�cant association between skin AF and dyspigmentation. The involvement of
oxidative damage should be further investigated.
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Figures

Figure 1

No signi�cant association between the severity of face wrinkles assessed by a
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dermatologist with SAF.

Figure 2

Correlation between the severity of face dyspigmentation assessed by a dermatologist with SAF (p<0.01)


