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INTRODUCTION 
 
Diabetes is a metabolic disease characterized by 
chronic hyperglycemia and altered glycolipid and 
protein metabolism. Approximately 110 million 
adults have been diagnosed with type 2 diabetes 
mellitus (T2DM) in China, and its prevalence has 
steadily increased from 1% in 1980 to 10.9% in 2013 [1]. 
Age and obesity, as well as genetic, epigenetic, and 
environmental factors all contribute to the development of 
T2DM [2]. Cellular aging is commonly linked to a 
chronic, subclinical inflammatory state [3]. As its 
prevalence increases in the elderly, T2DM is often 
considered an age-related disease. 

 

Telomeres are particularly susceptible to age-related 
deterioration [4]. These structures are composed of a 
specialized sequence of double-stranded DNA repeats 
that preserve chromosome structure and functional 
stability [5]. Telomere length shortens over the course 
of human lifespan [6]. This limits cellular 
proliferation, damages cells, and ultimately shortens 
lifespan [7]. Telomere shortening is not only con-
sidered a marker of biological aging, but is often 
correlated with an increased risk of developing age-
related diseases such as cancer, diabetes, and cardio-
vascular disease [8]. The telomere shortening rate 
(TSR) is commonly used to measure how telomere 
shortening progresses with age [9]. TSR is obtained 
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ABSTRACT 
 
Telomere  length  and  telomere  shortening  rate  (TSR)  are  accepted  indicators  of  aging  in  cross‐sectional
population studies. This study aimed to  investigate the potential  influence of common antidiabetic agents on
telomere  length  and  TSR  in  patients with  type  2  diabetes mellitus  (T2DM).  Leukocyte  telomere  length was
measured  through  terminal  restriction  fragment  analysis,  and  TSR  was  calculated  in  388  T2DM  patients.
Depending  on  whether  or  not  they  received  antidiabetic  medication,  patients  were  first  divided  into  a
treatment group and a nontreatment group. Treated patients were  further subdivided  into an acarbose‐free
group  (patients  taking antidiabetic agents without acarbose) and an acarbose group  (patients using acarbose
for more than 3 months). Results showed that untreated patients had higher TSRs than patients on antidiabetic
drugs. Interestingly, patients in the acarbose group had significantly higher TSRs than patients in the acarbose‐
free  group.  Compared  to  the  nontreatment  group,  the  acarbose  group  showed  better  glycemic  control  of
HbA1c, but the TSR was also higher. Our results suggest that antidiabetic treatments without acarbose can slow
aging. By contrast, acarbose may accelerate biological aging in patients with T2DM, independently of glycemic
control. 
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simply from the slope of the linear regression line 
between telomere length and age [10, 11]. TSRs based 
on cross-sectional studies are consistent with those 
obtained from longitudinal studies, and increase with 
aging across populations [12, 13]. The reliability of 
TSR is related to robust methods of telomere length 
measurement [14]. Terminal restriction fragment 
(TRF) analysis and other techniques such as quan-
titative PCR (qPCR)-based methods are popular choices 
for telomere length detection in epidemiological studies 
[15–17]. While qPCR-based techniques are convenient, 
high throughput, and require little DNA [18], 
questions have been raised regarding its reliability, 
affected particularly by high interassay coefficients of 
variation. TRF analysis is considered the gold standard 
within telomere biology, as it provides data on 
absolute telomere length and heterogeneity, although 
this method requires a large quantity of DNA and is 
cumbersome, labor intensive, and costly [19]. 
However, compared with other methods, a lower 
sample quantity is needed to obtain accurate analysis 
[20–22]. Many studies have described the relationship 
between telomeres and diabetes, and suggested that 
telomere shortening contributes critically to its 
pathogenesis [23]. Peripheral blood leukocyte telomere 
shortening has been reported as an independent risk 
factor for the development of type 2 diabetes in 
American Indians and could be used as an important 
indicator for predicting its progression [24]. Testa et 
al. and others have reported that leukocyte telomere 
lengths are shortened in diabetic patients with 
complications [25, 26]. TSR in T2DM patients is 
mitigated by adequate glycemic control [27]. 
Acarbose, a fermentation byproduct of the soil 
microorganism Actinoplanes utahensis, inhibits alpha-
glucosidase and polysaccharide digestion, reduces 
glucose absorption in the intestinal brush border, and 
is widely used in China as an anti-diabetic drug. Other 
agents commonly used to control glycemia in diabetes 
include metformin and sulfonylureas. Although many 
studies have examined the relationship between 
telomere dynamics and diabetes, very few have 
analyzed the effects of antidiabetic agents on absolute 
telomere length or TSR. Therefore, this study was 
designed to compare telomere length and TSR in 
T2DM patients with or without treatment, and whether 
these variables are influenced by different antidiabetic 
agents. 
 
RESULTS  
 
Untreated T2DM correlates with higher TSR 
 
TRF analyses were performed in peripheral blood 
leukocytes to evaluate the association of treatment 
agents for T2DM with telomere length and TSR. The 

mean telomere length in our T2DM study population 
was 4268–8661 base pairs (bp), and TSR was 11–16 
base pairs per year (bp/year). Leukocyte telomere length 
significantly shortened with age in all patients 
(Supplementary Figure 2). 
 
We divided diabetic patients into treatment and 
nontreatment groups, according to whether they were 
using antidiabetic agents for glycemic control or not. 
Linear regression analysis showed that telomere length 
shortened with age in both the treatment and non-
treatment groups (Figure 1A and 1B). The correlation 
analysis showed that age was negatively related to 
telomere length in both groups (r = -0.24 and r = -0.27 
for the treatment group and nontreatment group, 
respectively; all P < 0.05). Patients’ characteristics are 
presented in Table 1. Patients who did not use 
antidiabetic agents exhibited higher levels of post-
prandial plasma glucose, glycated hemoglobin and 
fructosamine, and a greater incidence of acute com-
plications than those using antidiabetic agents (all P < 
0.05). The patients in the treatment group were older 
than those in the nontreatment group. However, 
telomere lengths in the two groups were almost the 
same (6210.08 ± 647.82 bp vs. 6360.04 ± 766.75 bp, 
treatment group vs. nontreatment group: P = 0.072; 
Figure 1C).  
 
Since TSR from cross-sectional studies is consistent 
with those obtained from longitudinal studies, we 
derived TSR from the slope of linear regression 
analysis. After adjustment for age, the TSR of the 
nontreatment group was significantly higher than that of 
the treatment group (-15.74 ± 6.21 bp/year vs. -14.01± 
3.28 bp/year respectively, P < 0.001; Figure 1D). 
 
Acarbose treatment is associated with higher TSR 
 
Glycemic control is a comprehensive process, in which 
antidiabetic agents are the most important element. In 
our preliminary study, we divided the patients into 4 
groups: an insulin group, a metformin group, an acar-
bose group, and a sulfonylurea group. We found that the 
TSR varied among the four groups, but was the highest 
in patients receiving acarbose treatment (Supplementary 
Figure 3). 
 
To further confirm the association between acarbose use 
and TSR, the treatment group was further subdivided into 
an acarbose-free group (patients taking antidiabetic agents 
without acarbose) and an acarbose group (patients using 
acarbose for more than 3 months). The baseline data of 
these two groups are shown in Table 2. Other than 
acarbose use, we observed no significant differences in the 
hypoglycemic regimens of the two groups. Fasting and 
postprandial serum glucose levels, HbA1C levels, fruc-
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tosamine levels, and the incidence of acute complications 
did not significantly differ between the two groups. 
However, the prevalence of chronic complications was 
significantly greater in the acarbose-free group (χ2 = 7.153, 
P < 0.05). 
 
Linear regression analysis showed that telomere lengths 
significantly shortened with age in both treatment groups 
(Figure 2A and 2B, r = -0.45, P < 0.0001 and r = -0.14, P 
< 0.05 for the acarbose and acarbose-free groups, 
respectively). Patients using acarbose to reduce blood 
glucose levels presented shorter telomere lengths (by 
158.80 bp) than those who did not use acarbose, but this 
difference was not significant (Figure 2C). However, 
patients using acarbose exhibited higher TSR than patients 
in the acarbose-free group (-22.14 ± 4.66 bp/year vs -9.29 
± 4.30 bp/year respectively, P < 0.0001; Figure 2D). 
 
Associations between telomere length and hypo-
glycemic agents, age, and incidence of chronic com-

plications were examined using multiple linear 
regression. Results revealed a negative correlation 
between telomere length and age, hypoglycemic agents, 
and chronic complications (Supplementary Table 2). 
Telomere length decreased by 12.23 bp with each one-
year increase in age. Without considering any other 
factors, the patients with chronic complications 
exhibited telomeres that were 171.80 bp shorter than 
those without chronic complications. Age was the most 
important factor affecting telomere length under all 
treatment conditions.  
 
T2DM patients taking acarbose have higher TSR 
than untreated patients 
 
Because acarbose use was linked to higher TSR 
compared with other glycemic control regimens, we 
further compared baseline characteristics, telomere 
lengths, and TSR between the nontreatment group and 
the acarbose group.  

 

 
 

Figure 1. Comparison of telomere  length and TSR between treated vs untreated T2DM patients. Linear regression analysis of 
telomere length and age in the treatment group (A) and nontreatment group (B); comparison of telomere length (C) and TSR (D) between the 
two groups. Solid lines in A and B indicate mean telomere lengths, calculated by regression analyses; y = ‐14.01*x+6976 in A (r = ‐0.24, P < 
0.0001) and y = ‐15.74*x+7141 in B (r = ‐0.27, P < 0.05). y = telomere length in bp and x = age in years. (D) TSR was found to be ‐14.01 ± 3.28 
bp/year in the treatment group (n = 304) and ‐15.74 ± 6.21 bp/year in the nontreatment group (n = 84). Telomere length is presented as the 
mean ± SD. TSRs are presented as the mean ± SEM. ns indicates P > 0.05, ***indicates P < 0.001. 
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Table 1. Patient characteristics: Treatment vs nontreatment. 

Characteristic  Treatment group Nontreatment group P 
Patients, n 304 84 - 
Age, years 54.63±11.05 49.10±13.25 <0.0005 
Males, n (%)  165 (54.3) 48 (57.1) 0.711 
Fasting plasma glucose, mmol/L 9.71±3.98 10.47±5.82 0.163 
Postprandial plasma glucose, mmol/L 16.81±6.32 18.70±5.78 0.026 
HbA1c, (%) 8.76±2.30 10.57±2.86 <0.0005 
Fructosamine, mmol/L 367.71±107.52 440.65±142.74 <0.0005 
Chronic complications, n (%)   186 (61.2)  33 (39.3) <0.0005 
Acute complications, n (%) 13 (4.3) 11 (13.1) 0.008 
Data are presented as mean ± SD, number, or percentage 
P values were calculated using Student’s t test or χ2 test 
 
 
Table 2. Patient characteristics: Acarbose‐free vs acarbose. 

Characteristic Acarbose-free group Acarbose group P 
Patients, n 215 89 - 
Age, years 54.8±10.4 54.2±12.5 0.439 
Males, n (%) 113 (52.6) 52 (58.4) 0.377 
Fasting plasma glucose, mmol/L 9.62±3.77 9.99±4.48 0.585 
Postprandial plasma glucose, mmol/L 18.70±5.78 17.51±7.34 0.301 
HbA1c, mmol/mol 72.68±1.31 70.93±2.51 0.584 
HbA1c, % 8.80±2.27 8.64±2.38 0.584 
Fructosamine, mmol/L 361.4±103.4 386.95±118.06 0.126 
Chronic complications, n (%)  142 (66.0) 44 (49.4) <0.01 
Acute complications, n (%) 10 (4.7) 3 (3.4) 0.762 
Hypoglycemia medications, n (%)    
Insulin 
Oral 
Both 

51 (23.7%) 
112 (52.1%) 
52 (24.2%)  

11 (12.4%) 
57 (64.0%) 
21 (23.6%)  

>0.05 
  
 

Data are presented as mean ± SD, number, or percentage 
P values were calculated using Student’s t test or χ2 test 
 

The baseline data of the two groups are shown in Table 
3. In line with previous findings, telomere length was 
negatively correlated with age in the two groups (r = -
0.45, P < 0.0001 and r = -0.27 for the acarbose group 
and nontreatment group, respectively; P < 0.05) 
(Figures 2D and 1B). The patients who did not use 
antidiabetic agents were younger and exhibited higher 
levels of glycated hemoglobin and fructosamine and a 
greater incidence of acute complications than patients in 
the acarbose group (all P < 0.05). 
 
Telomere lengths in the acarbose group were shorter 
than in the nontreatment group (Figure 3A). After 
adjustment for age, the patients using acarbose pre-

sented also a higher TSR than patients in the 
nontreatment group (-22.14 ± 4.66 bp/year vs -15.74 ± 
6.21 bp/year, respectively; P < 0.0001; Figure 3B).  
 
DISCUSSION 
 
Telomere length is an important biomedical marker of 
cellular aging and is closely involved in age-related 
diseases such as diabetes, cancer, and cardiovascular 
disease [8]. Consistent with previous studies, leukocyte 
telomere length was negatively correlated with age in 
our cross-sectional analysis of 388 T2DM patients. 
Previous studies by You et al. and Blackburn et al. 
showed that diabetes patients lose 18–30 bp of telomere 
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length each year [20, 26, 28, 29]. In our T2DM study 
population, telomere lengths were shortened by 11–16 
bp/year. Our patients were Han Chinese individuals, 
while You et al. mainly analyzed postmenopausal 
women, and Blackburn et al. examined white American 
men. Our finding that T2DM patients who did not use 
antidiabetic agents exhibited a higher TSR than those 
who had taken antidiabetic agents for more than 3 
months implies that antidiabetic agents may have an 
antiaging effect in addition to reducing blood glucose 
levels and complication rates. This result is similar to 
that reported by de Zegher et al., who found that insulin 
sensitization via flutamide or metformin had an 
antiaging effect by increasing telomere length in 
adolescent girls with hyperinsulinemic androgen excess 
[30]. Our findings are also consistent with those of Uziel 
et al., who reported that TSR is reduced with adequate 
glycemic control in T2DM patients [27]. 
 
Surprisingly, we found that patients whose treatment 
regimens contained acarbose had higher TSR than 

patients receiving other treatments, or no treatment at 
all. However, patients in the acarbose group exhibited 
good glycemic control compared with other 
antidiabetic drugs and showed better glycemic con-
trol than the nontreatment group. These results 
indicate that acarbose expedites telomere length 
shortening as age increases and that this side effect is 
independent of glycemic control. Several factors may 
be involved in acarbose’s detrimental effect on 
telomere length. First, acarbose reduces glucose 
levels by inhibiting the absorption of carbohydrates 
in the intestinal mucosa, whereas the fundamental 
mechanism of other antidiabetic drugs is to increase 
insulin secretion or sensitivity. Insulin’s anti-
inflammatory effects include reductions in NADPH 
oxidase expression, ROS generation, and NF-кB 
binding [31]. Second, unlike acarbose, other anti-
diabetic agents reportedly activate phosphati-
dylinositol 3-kinase (PI3K) [32]. Protein kinase B 
(PKB), which is a downstream effector of PI3K, can 
phosphorylate endothelial nitric oxide synthase

 

 

Figure 2. Telomere length and TSR correlate with acarbose use in T2DM patients. Linear regression analysis of telomere length and 
age in the acarbose group (A) and the acarbose‐free group (B); comparison of telomere length (C) and TSR (D) between the two groups. The 
solid lines in A and B indicate mean telomere length, calculated by regression analysis; y = ‐22.14*x+7362 in A (r=‐0.45, P<0.0001) and y = ‐
9.29*x+6756 in B (r=‐0.15, P<0.05) (y = telomere length in bp and x = age in years). (D) TSR was ‐22.14 ± 4.66 bp/year for the acarbose group 
(n = 89) and ‐9.29 ± 4.30 bp/year for the acarbose‐free group (n = 215). Telomere length is presented as the mean ± SD. TSRs are presented 
as the mean ± SEM. ns indicates P > 0.05, ****indicates P < 0.0001. 
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Table 3. Patient characteristics: Acarbose vs nontreatment. 

Characteristic Acarbose group Nontreatment group  P 
Patients, n 89 84 - 
Age, years 54.2±12.5 49.10±13.25 0.011 
Males, n (%)  52 (58.4) 48 (57.1) 0.879 
Fasting plasma glucose, mmol/L 9.88±4.48 10.48±5.82 0.460 
Postprandial plasma glucose, mmol/L 17.51±7.34 18.70±5.78 0.301 
HbA1c, mmol/mol 70.93±2.51 92.02±7.76 0.000 
HbA1c, % 8.64±2.38 10.57±2.86 0.000 
Fructosamine, mmol/L 384.27±114.89 440.65±142.74 0.027 
Chronic complications, n (%)  44 (49.4) 33 (39.3) 0.221 
Acute complications, n (%) 3 (3.4) 11 (13.1) 0.025 
Data are presented as mean ± SD, number or percentage 
P values were calculated using Student’s t test or χ2 test 
 
 

 
 

Figure 3. Comparison of telomere length and TSR between acarbose‐treated and nontreated T2DM patients. Comparison of 
telomere length (A) and TSR (B) between the acarbose group and the nontreatment group. Telomere length is presented as the mean ± SD. 
TSRs are presented as the mean ± SEM. *indicates P < 0.05 and ****indicates P < 0.0001.
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(eNOS) to release NO, which decreases TSR via anti-
inflammatory, antioxidative, and antiapoptotic effects 
[32, 33]. Third, acarbose delays sucrose and starch 
digestion, decreasing blood glucose levels but disturbing 
also gastrointestinal transit, colonic function, and 
metabolism [34]. Many studies have demonstrated that 
metabolic abnormalities cause shearing stress, oxidative 
stress or metabolic disturbances, which could accelerate 
telomere shortening [35]. Finally, acarbose treatment 
might affect the composition of human gut bacteria 
species [36]. The intestinal flora is involved in the vital 
physiological processes of immune regulation and 
homeostasis of the gastrointestinal tract [37]. Changes in 
the intestinal flora may cause substantial changes in 
physiological and metabolic processes, which may 
accelerate cellular or organismal senescence [38]. Based 
on these collective findings and our multiple linear 
regression analysis, we conclude that acarbose use is 
responsible for higher TSR in T2DM patients. However, 
further studies are needed to identify the specific 
mechanism(s) underlying acarbose-mediated increases in 
TSR.  
 
The strengths and limitations of our study are worth 
considering. This is the first study to explore the effects 
of antidiabetic agents on TSR and aging in patients with 
T2DM. Importantly, we show for the first time that 
people and the sample size of our study is small. 
Besides, the cross-sectional design of the study does not 
permit exploration of causality between acarbose treat-
ment and telomere shortening, therefore, longitudinal 
studies will be required.  
 
Acarbose might not be an ideal drug given its aging-
promoting effect via accelerated telomere shortening. 
This discovery highlights that the potential impact on 
telomere dynamics should be considered when pre-
scribing antidiabetic agents to T2DM patients, or other 
drugs for chronic disease treatment. 
 
MATERIALS AND METHODS 
 
Study subjects 
 
Study population 
Between August 2012 and April 2017, 681 Han Chinese 
individuals were recruited randomly from inpatients of 
Tongji Hospital in Wuhan, Hubei. Diagnostic criteria for 
diabetes followed the American Diabetes Association 
standards [39], i.e., hemoglobin A1c ≥ 6.5%, fasting 
glucose ≥ 7.0 mmol/L or 2-h plasma glucose ≥ 11.1 
mmol/L during an oral glucose tolerance test (OGTT). 
For all patients, medical history, antidiabetic agent 
treatment history, and family history were recorded in 
detail. All patients underwent a clinical examination that 
included plasma glucose, hemoglobin (HbA1c), insulin, 

and fructosamine levels. Patients with the following 
conditions were excluded from further analysis: (1) 
malignant tumors; (2) gestational diabetes mellitus; (3) 
stress hyperglycemia; (4) steroid-induced diabetes; (5) 
impaired glucose tolerance; (6) maturity-onset diabetes 
of the young; (7) hypophysoma; (8) thyroid nodule; (9) 
hyperthyroidism; (10) a recent radiation exposure 
history. Patients with a family history of malignant 
tumors or chronic diseases, such as atherosclerosis, 
coronary heart disease, hypertension or chronic renal 
failure, were also excluded to reduce the impact of 
confounding factors on this study. To rule out genetic 
influence, we selected T2DM patients older than 25 
years who did not have a family history of diabetes. 
Patients for which analyses were unsuccessful or 
unreliable were also removed. Ultimately, 388 patients 
with T2DM were included in this research. 
 
Study design 
We first divided T2DM patients into two groups. Those 
who had used antidiabetic drugs containing insulin or 
oral antidiabetic agents such as sulfonylurea, 
metformin, or acarbose for more than 3 months were 
assigned to the treatment group. Patients who had not 
received any medical therapy were assigned to the 
nontreatment group. Telomere length, TSR, and several 
diabetes-related test results were compared between 
groups. 
 
In our preliminary study we found that patients using 
acarbose for glycemic control exhibited the highest 
TSR. To further confirm the effect of acarbose on 
telomere shortening, the treatment group was further 
subdivided into two groups: acarbose-free group 
(patients whose antidiabetic agents did not contain 
acarbose) and acarbose group (patients using acarbose 
for more than 3 months). Detailed information on the 
hypoglycemic regimens of both groups is provided in 
Table 2. Baseline characteristics, telomere lengths, 
TSR, and diabetes-related test results were compared 
between these two groups. 
 
The study’s design and protocol were approved by the 
Ethics Committee of the Tongji Hospital of Tongji 
Medical College, Huazhong University of Science and 
Technology (IRB ID:TJ-C20160206). The procedures 
complied with the provisions of the Declaration of 
Helsinki. Informed consent was obtained from all patients. 
 
Sample collection 
 
A standardized blood sample collection procedure was 
used across all study examination sites. Peripheral 
venous blood was collected into heparin tubes (4 ml; 
BD, NJ, USA) that were placed directly on ice and then 
centrifuged within 15 min of collection. Leukocyte and 
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buffy coats were collected and stored immediately at 
−80°C for DNA isolation. 
 
Molecular and analytical determinations 
 
Terminal restriction fragment length 
Genomic DNA was extracted from leukocytes following 
standard procedures using an AxyPrep Blood Genomic 
DNA Miniprep kit (Axygen, Corning, Inc., NY, USA). 
Hinf I (R0155L, New England Bio Labs, Beverly, MA, 
USA) and RsaI (R0167L, New England BioLabs) were 
used to digest the genomic DNA at 37°C overnight. Then, 
0.7% agarose gel electrophoresis was performed to 
separate the digested DNA. After drying the gel, a 32P-
labeled telomeric probe was used to detect telomeres. 
Subsequently, the gel was exposed to a phosphor imager 
and scanned with a Typhoon system (Typhoon, GE 
Healthcare, Wisconsin, USA) separately, and the results 
were visualized with Image Quant software (Molecular 
Dynamics, Sunnyvale, CA). The weighted mean telomere 
length was calculated as described previously [40]. 
 
Telomere shortening rate 
TSR was determined via linear regression analysis of 
telomere length against age [10, 41], where the slope of 
the linear regression represents the TSR under the 
assumption that inherited telomere length for all 
individuals does not change over time [12, 42–44]. 
 
Statistical analysis 
 
For continuous variables, differences between two 
groups were analyzed with Student’s t-test and between 
multiple groups with ANOVA in normally distributed 
data. Non-normally distributed data were analyzed using 
the Mann-Whitney U test for continuous variables. 
Proportions of categorical data were calculated by χ2 test. 
 
Pearson’s correlations analysis was performed to 
address the association between telomere length and 
age. Linear regression was also conducted to analyze 
the relationship between telomere length and age, and to 
calculate TSR. Stepwise regression analyses were 
applied to examine associations between age, treatment 
state, chronic complications, and telomere lengths. 
 
Statistical analyses were performed using GraphPad 
Prism software (Version 7.0 for Windows) and SPSS 
(version 22.0 for Windows). Data are presented as 
means ±  SD or means ±  SEM. Significance was 
assessed at P < 0.05. 
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shortening rate 
 
AUTHOR CONTRIBUTIONS 
 
YY, YG, and JL conceived and designed the study and 
wrote the manuscript. YY, DM, and SW secured the 
study’s funding. JL, YG, WX, and SW acquired the 
data. JL, YZ, and YY analyzed the data, and all authors 
interpreted the data. All authors revised the article and 
approved its final version. 
 
ACKNOWLEDGMENTS 
 
We thank all patients for making this study possible. 
We thank Professor Yong Zhao from Sun Yat-sen 
University and Professor Ping Yin from Huazhong 
University of Science and Technology for technical 
advice and assistance with this study. We thank Qian 
Hu, Xiaocui Li, Tian Zheng, Zepeng Zhang, 
Tianpeng Zhang, Xin Nie, Yujie Xie, and Haoxian 
Zhou from Sun Yat-sen University for technical 
support, and we also express our gratitude to Sanshan 
Xia and Jiaojiao Huang from Tongji Hospital for 
editorial assistance. 
 
CONFLICTS OF INTEREST 
 
The authors declare that they have no conflicts of 
interest, financial or otherwise. 
 
FUNDING 
 
This work was supported by the National Natural 
Science Foundation of China (Grants 81670754 and 
81500636), the Fundamental Research Funds for the 
Central Universities (18lgpy52), and funds for the 
Chinese Medical Institute (2017021) 
 
REFERENCES 
 
1.  Hu  C,  Jia  W.  Diabetes  in  China:  Epidemiology  and 

Genetic  Risk  Factors  and  Their  Clinical  Utility  in 
Personalized  Medication.  Diabetes.  2018;  67:3–11. 
https://doi.org/10.2337/dbi17‐0013 

2.  Ma RCW,  Lin X,  Jia W. Causes of  type 2 diabetes  in 
China.  The  Lancet  Diabetes  &  Endocrinology.  2014; 
2:980–991.  

  https://doi.org/10.1016/S2213‐8587(14)70145‐7 

3.  Vitale G, Salvioli S, Franceschi C. Oxidative stress and 
the  ageing  endocrine  system.  Nat  Rev  Endocrinol. 
2013; 9:228–240.  

  https://doi.org/10.1038/nrendo.2013.29 

4.  Blackburn  EH,  Greider  CW,  Szostak  JW.  Telomeres 



www.aging‐us.com  749  AGING 

and  telomerase:  the path  from maize,  Tetrahymena 
and  yeast  to  human  cancer  and  aging.  Nature 
medicine. 2006; 12:1133–1138. 

  https://doi.org/10.1038/nm1006‐1133 

5.  Blackburn  EH.  Switching  and  signaling  at  the 
telomere. Cell. 2001; 106:661–673. 

  https://doi.org/10.1016/S0092‐8674(01)00492‐5 

6.  Blasco MA.  Telomere  length,  stem  cells  and  aging. 
Nat Chem Biol. 2007; 3:640–649. 

  https://doi.org/10.1038/nchembio.2007.38 

7.  Lansdorp  PM.  Repair  of  telomeric  DNA  prior  to 
replicative  senescence.  Mech  Ageing  Dev.  2000; 
118:23–34. 

  https://doi.org/10.1016/S0047‐6374(00)00151‐2 

8.  Blackburn EH, Epel ES, Lin J. Human telomere biology: 
A contributory and interactive factor in aging, disease 
risks, and protection. Science. 2015; 350:1193–1198. 
https://doi.org/10.1126/science.aab3389 

9.  Harley  CB,  Futcher  AB,  Greider  CW.  Telomeres 
shorten during ageing of human  fibroblasts. Nature. 
1990; 345:458–460.  

  https://doi.org/10.1038/345458a0 

10.  Kammori M,  Nakamura  K,  Kawahara M, Mimura  Y, 
Kaminishi  M,  Takubo  K.  Telomere  shortening  with 
aging  in  human  thyroid  and  parathyroid  tissue.  Exp 
Gerontol. 2002; 37:513–521. 

  https://doi.org/10.1016/S0531‐5565(01)00178‐4 

11.  Takubo K, Nakamura K, Izumiyama N, Sawabe M, Arai 
T, Esaki Y, Tanaka Y, Mafune K, Fujiwara M, Kammori 
M,  Sasajima  K.  Telomere  shortening  with  aging  in 
human esophageal mucosa. Age. 1999; 22:95–99. 

  https://doi.org/10.1007/s11357‐999‐0011‐6 

12.  Holohan B, De Meyer T, Batten K, Mangino M, Hunt 
SC, Bekaert S, De Buyzere ML, Rietzschel ER, Spector 
TD, Wright WE, Shay  JW. Decreasing  initial  telomere 
length  in  humans  intergenerationally  understates 
age‐associated telomere shortening. Aging Cell. 2015; 
14:669–677. 

  https://doi.org/10.1111/acel.12347 

13.  Epel  ES,  Blackburn  EH,  Lin  J, Dhabhar  FS,  Adler NE, 
Morrow  JD,  Cawthon  RM.  Accelerated  telomere 
shortening  in  response  to  life  stress. Proc Natl Acad 
Sci U S A. 2004; 101:17312–17315. 

  https://doi.org/10.1073/pnas.0407162101 

14.  Nakamura  K,  Izumiyama‐Shimomura  N,  Sawabe  M, 
Arai T, Aoyagi Y, Fujiwara M, Tsuchiya E, Kobayashi Y, 
Kato M, Oshimura M, Sasajima K, Nakachi K, Takubo 
K.  Comparative  analysis  of  telomere  lengths  and 
erosion  with  age  in  human  epidermis  and  lingual 
epithelium. J Invest Dermatol. 2002; 119:1014–1019. 

  https://doi.org/10.1046/j.1523‐1747.2002.19523.x 

15.  Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner  
  E, Cherkas  LF, Aviv A,  Spector TD. Obesity,  cigarette 

smoking,  and  telomere  length  in  women.  Lancet 
(London, England). 2005; 366:662–664. 

  https://doi.org/10.1016/S0140‐6736(05)66630‐5 

16.  Vasan RS, Demissie S, Kimura M, Cupples LA, Rifai N, 
White  C, Wang  TJ, Gardner  JP,  Cao  X,  Benjamin  EJ, 
Levy  D,  Aviv  A.  Association  of  leukocyte  telomere 
length  with  circulating  biomarkers  of  the  renin‐
angiotensin‐aldosterone  system:  the  Framingham 
Heart Study. Circulation. 2008; 117:1138–1144. 

  https://doi.org/10.1161/CIRCULATIONAHA.107.731794 

17.  Hunt  SC, Chen W, Gardner  JP, Kimura M,  Srinivasan 
SR,  Eckfeldt  JH,  Berenson  GS,  Aviv  A.  Leukocyte 
telomeres  are  longer  in  African  Americans  than  in 
whites: the National Heart, Lung, and Blood  Institute 
Family  Heart  Study  and  the  Bogalusa  Heart  Study. 
Aging Cell. 2008; 7:451–458. 

  https://doi.org/10.1111/j.1474‐9726.2008.00397.x 

18.  Kimura M, Stone RC, Hunt SC, Skurnick J, Lu X, Cao X, 
Harley CB, Aviv A. Measurement of  telomere  length 
by  the  Southern blot  analysis of  terminal  restriction 
fragment  lengths.  Nature  protocols.  2010;  5:1596–
1607. https://doi.org/10.1038/nprot.2010.124 

19.  Montpetit  AJ,  Alhareeri  AA,  Montpetit  M, 
Starkweather  AR,  Elmore  LW,  Filler  K, Mohanraj  L, 
Burton  CW, Menzies VS,  Lyon DE,  Jackson‐Cook  CK. 
Telomere  length:  a  review  of  methods  for 
measurement.  Nursing  research.  2014;  63:289–299. 
https://doi.org/10.1097/NNR.0000000000000037 

20.  Jeanclos E, Krolewski A, Skurnick J, Kimura M, Aviv H, 
Warram  JH,  Aviv  A.  Shortened  telomere  length  in 
white  blood  cells  of  patients  with  IDDM.  Diabetes. 
1998; 47:482–486.  

  https://doi.org/10.2337/diabetes.47.3.482 

21.  Frenck RW,  Jr., Blackburn EH, Shannon KM. The rate 
of telomere sequence loss in human leukocytes varies 
with  age.  Proc Natl Acad  Sci U  S A.  1998; 95:5607–
561. https://doi.org/10.1073/pnas.95.10.5607 

22.  Daniali  L,  Benetos  A,  Susser  E,  Kark  JD,  Labat  C, 
Kimura M,  Desai  KK,  Granick M,  Aviv  A.  Telomeres 
shorten  at  equivalent  rates  in  somatic  tissues  of 
adults. Nature Communications. 2013; 4:1597. 

  https://doi.org/10.1038/ncomms2602 

23.  Wang J, Dong X, Cao L, Sun Y, Qiu Y, Zhang Y, Cao R, 
Covasa  M,  Zhong  L.  Association  between  telomere 
length and diabetes mellitus: A meta‐analysis. Journal 
of  International  Medical  Research.  2016;  44:1156–
1173. 

  https://doi.org/10.1177/0300060516667132 

24.  Zhao J, Zhu Y, Lin J, Matsuguchi T, Blackburn E, Zhang 
Y,  Cole  SA,  Best  LG,  Lee  ET,  Howard  BV.  Short 



www.aging‐us.com  750  AGING 

leukocyte telomere length predicts risk of diabetes in 
american  indians:  the  strong  heart  family  study. 
Diabetes. 2014; 63:354–362. 

  https://doi.org/10.2337/db13‐0744 

25.  Testa R, Olivieri F, Sirolla C, Spazzafumo L, Rippo MR, 
Marra  M,  Bonfigli  AR,  Ceriello  A,  Antonicelli  R, 
Franceschi  C,  Castellucci  C,  Testa  I,  Procopio  AD. 
Leukocyte  telomere  length  is  associated  with 
complications  of  type  2  diabetes  mellitus.  Diabetic 
medicine. 2011; 28:1388–1394. 

  https://doi.org/10.1111/j.1464‐5491.2011.03370.x 

26.  Fyhrquist F, Tiitu A, Saijonmaa O, Forsblom C, Groop 
PH.  Telomere  length  and  progression  of  diabetic 
nephropathy in patients with type 1 diabetes. J Intern 
Med. 2010; 267:278–286. 

  https://doi.org/10.1111/j.1365‐2796.2009.02139.x 

27.  Uziel  O,  Singer  JA,  Danicek  V,  Sahar  G,  Berkov  E, 
Luchansky M,  Fraser  A,  Ram  R,  Lahav M.  Telomere 
dynamics  in  arteries  and  mononuclear  cells  of 
diabetic patients: effect of diabetes and of  glycemic 
control. Exp Gerontol. 2007; 42:971–978. 

  https://doi.org/10.1016/j.exger.2007.07.005 

28.  Shen Q, Zhao X, Yu L, Zhang Z, Zhou D, Kan M, Zhang 
D, Cao L, Xing Q, Yang Y, Xu H, He L, Liu Y. Association 
of  leukocyte telomere  length with type 2 diabetes  in 
mainland  Chinese  populations.  J  Clin  Endocrinol 
Metab. 2012; 97:1371–1374. 

  https://doi.org/10.1210/jc.2011‐1562 

29.  You NC, Chen BH, Song Y,  Lu X, Chen Y, Manson  JE, 
Kang M, Howard BV, Margolis KL, Curb JD, Phillips LS, 
Stefanick ML, Tinker LF, et al. A prospective study of 
leukocyte telomere length and risk of type 2 diabetes 
in postmenopausal women. Diabetes. 2012; 61:2998–
3004. https://doi.org/10.2337/db12‐0241 

30.  de  Zegher  F, Diaz M,  Ibanez  L. Association Between 
Long  Telomere  Length  and  Insulin  Sensitization  in 
Adolescent  Girls  With  Hyperinsulinemic  Androgen 
Excess. JAMA pediatrics. 2015; 169:787–788. 

  https://doi.org/10.1001/jamapediatrics.2015.0439 

31.  Dandona  P,  Aljada  A,  Mohanty  P,  Ghanim  H, 
Hamouda  W,  Assian  E,  Ahmad  S.  Insulin  inhibits 
intranuclear  nuclear  factor  kappaB  and  stimulates 
IkappaB  in  mononuclear  cells  in  obese  subjects: 
evidence  for  an  anti‐inflammatory  effect?  J  Clin 
Endocrinol Metab. 2001; 86:3257–3265. 

  https://doi.org/10.1210/jcem.86.7.7623 

32.  Eriksson  L,  Nystrom  T.  Antidiabetic  agents  and 
endothelial  dysfunction  ‐  beyond  glucose  control. 
Basic  &  clinical  pharmacology  &  toxicology.  2015; 
117:15–25. https://doi.org/10.1111/bcpt.12402 

33.  Davis  BJ,  Xie  Z,  Viollet  B,  Zou MH.  Activation  of  the 
AMP‐activated kinase by antidiabetes drug metformin 

stimulates nitric oxide  synthesis  in vivo by promoting 
the  association  of  heat  shock  protein  90  and 
endothelial  nitric  oxide  synthase.  Diabetes.  2006; 
55:496–505. 

  https://doi.org/10.2337/diabetes.55.02.06.db05‐1064 

34.  Scheppach W, Fabian C, Ahrens F, Spengler M, Kasper 
H. Effect of starch malabsorption on colonic function 
and metabolism  in humans. Gastroenterology. 1988; 
95:1549–1555. 

  https://doi.org/10.1016/S0016‐5085(88)80076‐3 

35.  Kurz  DJ,  Decary  S,  Hong  Y,  Trivier  E,  Akhmedov  A, 
Erusalimsky JD. Chronic oxidative stress compromises 
telomere  integrity  and  accelerates  the  onset  of 
senescence in human endothelial cells. Journal of cell 
science. 2004; 117:2417–2426. 

  https://doi.org/10.1242/jcs.01097 

36.  Miura  T, Ueno  K,  Tanaka  K,  Sugiura  Y, Mizutani M, 
Takatsu  F,  Takano  Y,  Shibakawa  M.  Impairment  of 
absorption of digoxin by acarbose.  Journal of clinical 
pharmacology. 1998; 38:654–657. 

  https://doi.org/10.1002/j.1552‐4604.1998.tb04474.x 

37.  Schippa  S,  Conte  MP.  Dysbiotic  events  in  gut 
microbiota: impact on human health. Nutrients. 2014; 
6:5786–5805. 

  https://doi.org/10.3390/nu6125786 

38.  Sommer F, Backhed F. The gut microbiota‐‐masters of 
host  development  and  physiology.  Nature  reviews 
Microbiology. 2013; 11:227–238. 

  https://doi.org/10.1038/nrmicro2974 

39.  Standards of medical care in diabetes‐‐2010. Diabetes 
care. 2010; 33:S11–61. 

  https://doi.org/10.2337/dc10‐S011 

40.  Ouellette MM,  Liao M, Herbert BS,  Johnson M, Holt 
SE,  Liss  HS,  Shay  JW,  Wright  WE.  Subsenescent 
telomere  lengths  in  fibroblasts  immortalized  by 
limiting  amounts  of  telomerase.  J  Biol  Chem.  2000; 
275:10072–10076. 

  https://doi.org/10.1074/jbc.275.14.10072 

41.  Chen  W,  Kimura  M,  Kim  S,  Cao  X,  Srinivasan  SR, 
Berenson  GS,  Kark  JD,  Aviv  A.  Longitudinal  versus 
cross‐sectional  evaluations  of  leukocyte  telomere 
length dynamics: age‐dependent telomere shortening 
is  the  rule.  J  Gerontol  A  Biol  Sci  Med  Sci.  2011; 
66:312–319. 

  https://doi.org/10.1093/gerona/glq223 

42.  Salpea  KD, Maubaret  CG,  Kathagen  A,  Ken‐Dror  G, 
Gilroy  DW,  Humphries  SE.  The  effect  of  pro‐
inflammatory  conditioning  and/or  high  glucose  on 
telomere  shortening  of  aging  fibroblasts.  PloS  one. 
2013; 8:e73756. 

  https://doi.org/10.1371/journal.pone.0073756 



www.aging‐us.com  751  AGING 

43.  Tricola  GM,  Simons  MJP,  Atema  E,  Boughton  RK, 
Brown  JL,  Dearborn  DC,  Divoky  G,  Eimes  JA, 
Huntington CE, Kitaysky AS,  Juola FA, Lank DB, Litwa 
HP,  et  al.  The  rate  of  telomere  loss  is  related  to 
maximum lifespan in birds. Philos Trans R Soc Lond B  

 
  
   
 
 

Biol Sci. 2018; 373. 
https://doi.org/10.1098/rstb.2016.0445 

44.  Ball  SE,  Gibson  FM,  Rizzo  S,  Tooze  JA,  Marsh  JC, 
Gordon‐Smith EC. Progressive telomere shortening in  

  aplastic anemia. Blood. 1998; 91:3582–3592. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



www.aging‐us.com  752  AGING 

SUPPLEMENTARY MATERIAL 
 
 

 

 

Supplementary Figure 1. The study design of this research. 

 

 

 

 

 
 

Supplementary  Figure  2.  Leukocyte  telomere  length  significantly  shortened with  age  in  type  2  diabetic  patients.  Linear  
regression analysis of the relationship between the telomere length and age in type 2 diabetic patients. 
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Supplementary Figure 3. Comparison of the telomere  length and telomere shortening rates between various antidiabetic 
agents  in type 2 diabetes patients. Linear regression analysis of the relationship between the telomere length and age in insulin group 
(A), metformin group (B), sulfonylurea group (C) and acarbose group (D). Comparison of telomere length (E) and telomere shortening rate (F) 
in  those  four  groups.  The  telomere  length was  represented  as  the mean±SD.  The  telomere  shortening  rates were  represented  as  the 
mean±SEM. In each panel, groups that share the same letter are not significantly different from each other. ns is mean P>0.05 
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Supplementary Figure 4. The level of 8‐OHdG in different groups. (A) the level of 8‐OHdG in nontreatment and treatment groups. (B) 
the level of 8‐OHdG in treatment groups with different anti‐diabetic drugs and nontreatment groups. ns is P>0.05; * is P<0.05; ** is P<0.01 

 
 
 

 
 

Supplementary  Figure 5. The  telomere  shorten  rate with different antidiabetic agents.  (A)  the  telomere shorten  rate with or 
without metformin. (B) the telomere shorten rate with or without sulfonylurea. (C) the telomere shorten rate with or without  insulin. The 
telomere shortening rates were represented as the mean±SEM. **** is P<0.0001; ns is P>0.05 
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Supplementary Table 1. Comparison of characteristics of participants with different antidiabetic agents. 

Characteristic Insulin group Metformin group Sulfonylureas 
group Acarbose group P value 

Participants (n) 
Age(year) 
Male sex, n (%)  
Fasting plasm glucose(mmol/L) 
Postprandial plasma glucose 
(mmol/L) 
HbA1c, (%) 
Fructosamine(mmol/L) 
Chronic complication, n (%)  
Acute complication, n (%)  

156 
54.46±10.23 

85(54.5) 
10.37±4.29 
16.94±6.30 

 
9.09±2.30 

367.42±108.26 
118(75.6) 

8(5.1) 

142 
53.38±10.71 

80(56.3) 
9.83±3.98 

16.08±6.06 
 

8.70±2.24 
366.07±112.32 

82(57.7) 
6(4.2) 

89 
57.37±9.855 

46(51.7) 
10.30±4.30 
18.54±5.67 

 
8.86±2.12 

379.78±92.98 
65(73.0) 
3(3.4) 

89 
54.13±12.44 

52(58.4) 
9.89±4.48 

17.52±7.34 
 

8.66±2.39 
384.27±114.89 

44(49.4) 
3(3.4) 

- 
0.049 
0.819 
0.650 
0.081 

 
0.407 
0.657 

<0.0005 
0.888 

Data are presented as mean ± SD, number or %; P values were calculated using Student’s t test or χ2 test 
 
 
 

 
 

Supplementary  Table  2. Multiple  liner  regression  for  the  association  of  risk  predictors with  leukocyte  telomere 
length. 

Model 

Coefficientsa 

t Sig. 

Unstandardized  
coefficients 

Standardized 
coefficients 

β Std. error β 
1 (Constant) 6963.108 183.495  37.947 0.000 
 Age -13.805 3.291 -0.235 -4.195 0.000 

2 (Constant) 6971.516 182.697  38.159 0.000 
 Age -12.297 3.366 -0.209 -3.653 0.000 
 Chronic complicationb -148.727 76.237 -0.112 -1.951 0.052 

3 (Constant) 7028.826 184.087  38.182 0.000 
 Age -12.234 3.350 -0.208 -3.652 0.000 
 Chronic complication -171.846 76.755 -0.129 -2.239 0.026 
 Treatment statusc -158.799 80.005 -0.111 -1.985 0.048 

Predictors in the Model 1: Constant), age 
Predictors in the Model 2: (Constant), age, chronic complication 
Predictors in the Model 3: (Constant), age, chronic complication, treatment status 
aDependent Variable: telomere length; 
bdiagnosed with chronic complication; 
cusing anti‐diabetic agents and α‐glucosidase inhibitors for glycemic control 
 


