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Abstract
Background  Previous studies have demonstrated the relationship between adipocyte factors, insulin resistance, and 
other indicators with telomere length. However, these studies did not consider the influence of changes in different 
indicators on telomere length over time. Therefore, the aim of this study is to elucidate the impact of changes in 
adipocyte factors, HOMA-IR, and other indicators on the dynamic variation of telomere length.

Methods  The data were from a cohort study conducted in Ningxia, China. A total of 1624 subjects were analyzed. 
Adipokines and relative leukocyte telomere length (RLTL) were measured, and changes in Homeostatic Model 
Assessment for Insulin Resistance (HOMA-IR), Homeostatic Model Assessment for β-Cell Function (HOMA-β), 
and Quantitative Insulin Sensitivity Check Index (QUICKI) were calculated. Generalized linear models evaluated 
associations between changes in adipokines and RLTL changes. Furthermore, univariate analyses examined the 
effects of changes in adipokines and insulin resistance indicators on ΔRLTL.

Results  The research findings indicate that females generally have shorter telomeres compared to males. In 
comparison to the low-level group of Δleptin (LEP), the high-level group of ΔLEP shows a negative correlation with 
ΔRLTL (B=-1.32, 95% CI (-2.38, -0.27)). Even after multivariable adjustments, this relationship persists (B=-1.31, 95% 
CI (-2.24, -0.23)). Further analysis reveals that after adjusting for ΔHOMA-IR, ΔHOMA-β, and ΔQUICKI, the high-level 
group of ΔLEP still exhibits a significant negative correlation with ΔRLTL (B=-1.37, 95% CI (-2.43, -0.31)). However, the 
interaction effects between ΔHOMA-IR, ΔHOMA-β, ΔQUICKI, and ΔLEP do not affect ΔRLTL.

Conclusions  Elevated levels of leptin were significantly correlated with shortened telomere length. This suggests 
that increased leptin levels may impact overall individual health by affecting telomere length, underscoring the 
importance of measures to reduce leptin levels to mitigate the onset and progression of related diseases.
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Background
The telomere, a complex structure located at the ends 
of eukaryotic chromosomes, comprises repetitive non-
coding DNA sequences and specific binding proteins 
[1]. Telomeres undergo shortening during cellular divi-
sion, and critically shortened telomeres can instigate 
cellular apoptosis or senescence, thereby influencing cel-
lular lifespan [2]. Moreover, epidemiological studies have 
elucidated correlations between telomere length and 
age-related ailments such as diabetes [3], cardiovascular 
disease [4] and others.

Adipose tissue, an indispensable endocrine and para-
crine organ within the human body, secretes a plethora 
of hormones, growth factors, and cytokines collectively 
referred to as adipokines [5]. Among these, leptin and 
adiponectin are pivotal hormones secreted by adipo-
cytes, playing crucial roles in physiological processes 
including insulin resistance and lipid metabolism. Addi-
tionally, their involvement in telomere shortening pro-
cesses has garnered significant attention [6]. Despite the 
capability of adipose tissue to secrete various cytokines, 
the relationship between adipocytokines and leukocyte 
telomere length (LTL) remains underexplored. Only a 
limited number of studies have explored this association, 
yielding inconsistent findings. While some studies have 
indicated a positive correlation between adiponectin and 
LTL [7]. others have suggested an inverse relationship 
between leptin and telomere length, even after adjusting 
for confounders [8].

Emerging evidence suggests a correlation between 
telomere length and the pathogenesis of diabetes, with 
shorter telomeres being associated with the condition [9]. 
Insulin resistance represents a pathological state evident 
in the initial stages of numerous chronic metabolic dis-
orders. However, the association between Homeostatic 
Model Assessment for Insulin Resistance (HOMA-IR), 
a pivotal indicator of insulin resistance, and leukocyte 
telomere length (LTL) exhibits inconsistency across stud-
ies [10–12], warranting further investigation to elucidate 
their relationship.

In summary, most studies primarily rely on cross-
sectional data, while results from longitudinal studies 
typically focus solely on the impact of baseline indica-
tors on subsequent telomere length, without consider-
ing the dynamic effects of changes in various indicators 
on telomere length variation. Therefore, the objective of 
this study is to explore the influence of alterations in adi-
pokines, HOMA-IR, and other indicators on variations 
in telomere length. By scrutinizing numerical changes 
at distinct time intervals, novel temporal correlations 
will be unveiled, thus furnishing critical theoretical and 
practical underpinnings for the prevention of associated 
diseases.

Methods
Study design and subject selection
The data were obtained from a cohort study conducted 
in northwestern Ningxia spanning from 2008 to 2012 
to 2019–2020. Employing a stratified cluster sampling 
approach, a total of 2703 individuals aged 25–74 years 
were enlisted to partake in the questionnaire survey, 
anthropometric measurements, and biological sam-
ple collection [13]. A follow-up survey was executed 
between 2019 and 2020, involving 2071 participants, 
among whom 193 deaths were recorded. The average 
person-years of the study population amounted to 9.46 
(minimum: 6.75, maximum: 12.17). Subsequently, 1624 
individuals, comprising 654 males and 970 females, met 
the specified inclusion and exclusion criteria and were 
thus included for analysis (Fig. 1). Prior to their involve-
ment, all participants provided signed informed consent 
forms. Ethical approval for the study was obtained from 
the Ethics Committee at Ningxia Medical University.

Anthropometric measurements
Structured questionnaires were administered through 
face-to-face interviews subsequent to obtaining informed 
consent from the participants. These questionnaires 
encompassed demographic data such as age, gender, 
marital status, education level, lifestyle factors includ-
ing smoking and alcohol consumption habits, as well as 
medical history. Height and weight were accurately mea-
sured to the nearest 0.1 cm and 1 kg, respectively, utiliz-
ing a height scale and weight scale. Blood pressure was 
assessed employing an OMRONHEM-801 electronic 
sphygmomanometer. Prior to measurement, participants 
rested for 5–10  min and maintained a seated position 
with their upper arm exposed at heart level. Two blood 
pressure readings were obtained with a 3–5 min interval 
between measurements, and the average was calculated.

Biochemical measurements
Fasting blood samples were obtained following an over-
night fast of 8  h. At baseline, fasting plasma glucose 
(FPG) levels were determined using One Touch Ultra 
2 (Life Scan, USA), while serum insulin levels were 
assessed through enzyme-linked immunochromato-
graphic assay. During the follow-up period, biochemical 
autoanalyzers (Mindray BS-430, Shenzhen, China) were 
utilized to measure total cholesterol (TC), triglycerides 
(TG), high-density lipoprotein cholesterol (HDL-C), 
and low-density lipoprotein cholesterol (LDL-C). Serum 
insulin (FINS) levels were quantified via chemilumines-
cence immunoassay using the Mindray CL-2000i system 
(Shenzhen, China). Additionally, leptin and adiponectin 
levels were determined using ELISA kits (CSB-E07270h, 
CSB E04649h, CUSABIO, China).
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DNA extraction and telomere length analysis
Genomic DNA was isolated from peripheral blood leu-
kocytes using the DNA Blood Midi Kit (Bao Bioengineer-
ing, Japan) and quantified for concentration and purity 
via absorbance at 260/280 nm utilizing a Biospec-nano 
spectrophotometer (Shimadzu, Japan). Relative leukocyte 
telomere length (RLTL) was assessed using quantitative 
real-time PCR (Bio-Rad, Germany), following established 
protocols. Telomere (T) and 36B4 (S) gene sequences 
were amplified separately, each in their designated PCR 
plates, with the CT curves for each amplicon available 
in Figure S1 and Figure S2. Each plate included a refer-
ence gene reaction and a negative control. The PCR con-
ditions for telomere amplification were as follows: initial 
denaturation at 95  °C for 10  min, followed by denatur-
ation at 95  °C for 15 s, annealing at 54  °C for 2 min for 
22 cycles. For 36B4, the conditions were similar except 
for the annealing temperature, which was set at 58 °C for 
30 cycles. Subsequently, the relative T/S ratio, indicative 
of RLTL, was calculated utilizing the ΔΔCt method. The 
following equations were employed: T/S = [2Ct(telomere) / 
2Ct(36B4)]−1= 2−ΔCt, RLTL = 2−ΔCt(need checking sampling) 
/ 2−ΔCt(reference gene) [12].

Definition of variable
HOMA-IR was calculated using the following formulae:

HOMA-IR = [FINS(MU/L) × FPG (mmol/L)/22.5]; 
Quantitative insulin sensitivity check index (QUICKI) = 1 
/ (lg FINS µIU/mL + lg FPG mmol/L); Homeostatic 
model assessment of β cell (HOMA-β) = 20 × FINS µIU/
Ml / (FPG mmol/L − 3.5) [14].

Changes in telomere shortening (ΔRLTL) = follow-
up relative telomere length - baseline relative telomere 
length; ΔRLTL represents the change in relative leu-
kocyte telomere length. A smaller ΔRLTL indicates a 
shorter relative change in leukocyte telomere length.

Changes in adiponectin (ΔADP) = follow-up adiponec-
tin - baseline adiponectin.

Changes in leptin (ΔLEP) = follow-up leptin - baseline 
leptin.

Based on different levels of educational attainment, 
education is categorized into two types: low (junior high 
school and below) and high (high school and above).

Physical exercise: The definition of physical exercise is 
to exercise at least three times a week, with each session 
lasting at least 30 min.

Fig. 1  Flow chart of participant selection
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Statistical analysis
Analyses were performed using R version 4.2.2 and 
SPSS version 24.0 statistical software. For normally dis-
tributed data, continuous variables were described by 
mean ± standard deviation. For non-normally distributed 
data, using median with interquartile range. Categorical 
variables were described using frequency and percentage. 
T-tests and chi-square tests were employed to compare 
general characteristics between different genders. Addi-
tionally, Pearson correlation coefficient was used to ana-
lyze the correlation between LEP, ADP, and RLTL, with 
age-adjusted Pearson correlation analysis performed. In 
further analysis, generalized linear models (GLMs) with 
linear regression were applied, using the low level of 
change in adipocyte factors as a reference, to assess the 
relationship between adipocyte factors and RLTL. Spe-
cifically, four linear regression models were established: 
Model 1 - No adjustment; Model 2 - Model 1 + sex, age; 
Model 3 - Model 2 + education, smoking, drinking, exer-
cise; Model 4 - Model 3 + BMI, SBP, DBP, FPG [12, 15, 
16]. Finally, univariate analysis was employed to evaluate 

the interaction effects of HOMA-IR, HOMA-β, QUICI, 
and adipocyte factors on RLTL.

Results
Characteristics of the study population
In this study, we enrolled a total of 1624 subjects, with 
females comprising 59.7% of the sample. Participants 
were stratified into two groups based on gender. As indi-
cated in Table  1, females exhibited significantly higher 
levels of BMI, TC, TG, HDL-C, LDL-C, ΔADP, and ΔLEP 
(25.5 ± 6.4, 5.0 ± 1.0, 1.8 ± 1.1, 1.8 ± 0.5, 3.9 ± 1.7, -8.7 ± 26.6, 
-0.4 ± 8.1, respectively) compared to males, except for 
TG and ΔHOMA-IR, where no statistically significant 
differences were observed between the sexes. Although 
females demonstrated higher levels of ΔRLTL compared 
to males, the disparity between the two groups did not 
attain statistical significance. Furthermore, among males, 
a higher proportion reported smoking (31.3%) and drink-
ing (24.6%) habits. Conversely, females exhibited lower 
levels of blood glucose and diastolic blood pressure com-
pared to males, yet these distinctions did not reach statis-
tical significance.

Table 1  Comparison of the baseline characteristics among the different groups
Variables All Subjects

(n = 1624)
Female Male
(n = 970) (n = 654)

Age (years) 57.6 ± 10.2 56.7 ± 10.0 58.9 ± 10.4 < 0.001
Education (high) n (%) 476 (29.3%) 225 (23.2%) 251 (38.4%) < 0.001
Smoke yes) n % 213 (13.1%) 8 (0.8%) 205 (31.3%) < 0.001
Drink (yes) n % 212 (13.0%) 51 (5.3%) 161 (24.6%) < 0.001
Physical exercise (yes) n % 531 (32.7%) 340 (35.1%) 191 (29.2%) 0.015
ΔHOMA-IR
T1 1128 (69.5%) 635 (65.5%) 493 (75.4%) < 0.001
T2 496 (30.5%) 335 (35.5%) 161 (24.6%)
ΔHOMA-β
T1 846 (52.1%) 456 (47.0%) 390 (59.6%) < 0.001
T2 778 (47.9%) 514 (53.0%) 264 (40.4%)
ΔQUICKI
T1 1210 (74.5%) 751 (77.4%) 459 (70.2%) < 0.001
T2 414 (25.5%) 219 (22.6%) 195 (29.8%)
BMI (kg/m2) 24.9 ± 6.4 25.5 ± 6.4 25.0 ± 3.4 0.055
SBP (mmHg) 133.5 ± 27.4 136.7 ± 20.6 135.5 ± 19.1 0.238
DBP (mmHg) 84.0 ± 18.1 85.6 ± 14.1 85.8 ± 13.2 0.829
FPG (mmol/L) 5.6 ± 2.2 5.8 ± 1.7 5.9 ± 2.3 0.427
TG (mmol/L) 1.6 ± 1.1 1.8 ± 1.1 1.6 ± 1.1 0.057
TC (mmol/L) 4.7 ± 1.4 5.0 ± 1.0 4.7 ± 1.0 < 0.001
HDL-C (mmol/L) 1.6 ± 0.7 1.8 ± 0.5 1.7 ± 0.5 < 0.001
LDL-C (mmol/L) 3.5 ± 1.9 3.9 ± 1.7 3.7 ± 1.6 0.002
ΔADP -10.2 ± 35.3 -8.7 ± 26.6 -12.6 ± 45.1 0.028
ΔLEP -0.9 ± 7.1 -0.4 ± 8.1 -1.5 ± 5.1 0.046
ΔRLTL -3.1 ± 6.2 -3.1 ± 6.3 -3.0 ± 6.2 0.750
Abbreviations: ΔRLTL: absolute change of telomere length; BMI: body mass index; WC: waist circumference; HC: hip circumference; SBP: systolic blood pressure; DBP: 
diastolic blood pressure; TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; FPG: fasting 
blood glucose; ΔLEP: absolute change of leptin; ΔADP: absolute change of adiponectin; ΔHOMA-IR: absolute change of Homeostatic Model Assessment for Insulin 
Resistance; ΔHOMA-β: absolute change of Homeostatic Model Assessment for β-Cell Function; ΔQUICKI: absolute change of Quantitative insulin sensitivity check 
index; T1: low level; T2: High level
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RLTL levels of the subjects under different grouping 
conditions
As depicted in Fig. 2, participants were categorized into 
two groups based on alterations in adipokines, HOMA-
IR, HOMA-β, and QUICKI. The analysis revealed 
that, with the exception of ΔHOMA-IR, the ΔRLTL of 
the high-level group exhibited a notably lower value 
compared to that of the low-level group for all other 

indicators (P < 0.05). In other words, RLTL demonstrated 
a decline with escalating levels of various indicators.

The relationship between adipose cytokines and RLTL
Table  2 demonstrates the correlation between changes 
in adipocyte factors and telomere length variations, 
revealing a negative correlation between ΔLEP and 
ΔRLTL, with this difference being statistically signifi-
cant (P = 0.004). It is worth noting that even after adjust-
ing for age, the negative correlation between the two 
remains significant (P = 0.009). However, there is no sig-
nificant correlation between ΔADP and ΔRLTL. Taking 
into account prior research and other potential factors, 
we have decided to include ADP in subsequent general-
ized linear model analyses to further explore the relation-
ship between changes in adipocyte factors and telomere 
length variations. As shown in Model 1 of Table 3, com-
pared to the low-level group of ΔLEP, the high-level 
group of ΔLEP exhibits an inverse relationship with 

Table 2  The analysis of the correlation between changes in 
telomere length and changes in adipocyte factors

unadjusted Age-adjusted
Variables Correlation P Correlation P
Age 0.03 0.400 - -
ΔADP -0.05 0.039 -0.05 0.156
ΔLEP -0.08 0.004 -0.08 0.009
Abbreviations: ΔLEP: absolute change of Leptin; ΔADP: absolute change of 
leptin;

Fig. 2  ΔRLTL levels of the subjects under different group. Abbreviations: ΔRLTL, Absolute change of telomere length; ΔLEP: Absolute change of Leptin; 
ΔADP: Absolute change of Leptin Adiponectin; ΔHOMA-IR: Absolute change of Homeostatic Model Assessment for Insulin Resistance; ΔHOMA-β: Ab-
solute change of Homeostatic Model Assessment for β-Cell Function; ΔQUICKI: Absolute change of Quantitative insulin sensitivity check index; T1: low 
level; T2: High level
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ΔRLTL (-1.32 (-2.38, -0.27)), indicating that higher ΔLEP 
levels correspond to shorter telomere lengths. Even after 
adjusting for potential confounding factors, the relation-
ship between ΔLEP levels and ΔRLTL persists (-1.31 
(-2.24, -0.23), as demonstrated in Model 4 of Table  3). 
In contrast, there is no relationship between ΔADP and 
ΔRLTL. When all change values are considered as rela-
tive changes rather than delta values, there is no relation-
ship between ΔLEP, ΔADP, and ΔRLTL (see Table S1).

The roles of HOMA-IR, HOMA-β and QUICKI in the 
relationship between LEP and RLTL
As shown in Fig. 3, after adjusting for ΔHOMA-IR, high 
levels of ΔLEP were found to be negatively correlated 
with telomere shortening compared to the low-level 
group (B=-1.31, 95% CI (-2.37, -0.25)). Subsequently, after 
separately adjusting for ΔHOMA-β and ΔQuicki, con-
sistent results were obtained. Furthermore, after simul-
taneously adjusting for ΔHOMA-IR, ΔHOMA-β, and 
ΔQuicki, high levels of ΔLEP exhibited a significant nega-
tive correlation with ΔRLTL compared to the low-level 
group (B=-1.37, 95% CI (-2.43, -0.31)). Following this, 
to further explore whether different steady-state assess-
ment indicators play a role in the relationship between 
ΔLEP and ΔRLTL, we analyzed the interaction effects 
of ΔHOMA-IR, ΔHOMA-β, and ΔQuicki on ΔLEP and 
ΔRLTL. As shown in Table  4, we did not observe sig-
nificant interaction between ΔHOMA-IR, ΔHOMA-β, 
ΔQuicki, and ΔLEP (P > 0.05). In other words, the inter-
action between them does not affect ΔRLTL.

Discussion
In this population-based cohort study, we observed a 
negative correlation between ΔLEP and ΔRLTL, sug-
gesting that elevated LEP levels over time are associated 
with shortened telomere length. Moreover, we noted 
a more pronounced negative correlation between LEP 
and RLTL after adjusting for ΔHOMA-IR, ΔHOMA-IR, 
and ΔQUICKI. However, the interaction between ΔLEP 
and ΔHOMA-IR, ΔHOMA-β, ΔQUICKI did not affect 
ΔRLTL.

An increasing number of individuals are focusing on 
factors influencing telomere length and consequently, 
longevity. It is widely acknowledged that adipose tis-
sue can accelerate aging and contribute to the onset 
and progression of chronic diseases such as type 2 dia-
betes, cardiovascular disease, and cancer [17]. These 
chronic ailments may hasten cell turnover rates, conse-
quently accelerating telomere shortening. Research has 
highlighted adipose tissue’s capability to secrete various 
hormones and cytokines, including adiponectin, leptin, 
IL-6, and TNF-α [18]. Leptin and adiponectin, key adi-
pocyte-derived peptides, exhibit certain associations 
with telomere length. For instance, Aviv et al. discovered Ta
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a negative correlation between leptin and leukocyte telo-
mere length in premenopausal women [15]. Another 
meta-analysis encompassing seven cohorts revealed a 
negative correlation between leptin and relative telo-
mere length, whereas adiponectin and telomere length 
showed no significant association [8], consistent with 
our findings. Nonetheless, some studies contradict our 
results; for example, one study reported a positive corre-
lation between leptin and telomere length in the elderly 
[19]. However, many studies have found that leptin and 
adiponectin are not associated with telomere length [20, 
21]. The observation of shorter telomere length in the 
high-level group of ΔLEP may be attributed to the fol-
lowing reasons. Firstly, leptin plays a crucial role in regu-
lating appetite and energy metabolism, and its elevation 
may ultimately lead to overweight or obesity. With the 
increase in body weight, leptin levels may further rise, 
thereby increasing the risk of low-grade inflammation, 
which could negatively impact telomere length and result 

in its shortening [22]. Secondly, dietary patterns vary 
significantly among regions and populations, and differ-
ent dietary habits have been linked to telomere length 
to some extent [23, 24]. Research indicates that leptin, 
known as the satiety hormone and pro-inflammatory 
adipocyte factor, is associated with traditional dietary 
patterns, whereas adiponectin, termed an anti-inflam-
matory factor, is linked to meat-based dietary patterns 
and processed foods. Variations in dietary patterns influ-
ence changes in telomere length by impacting the levels 
of leptin and adiponectin [25]. Furthermore, apart from 
dietary factors, genetic factors also exert a significant 
influence on telomere length. Leptin, often referred to as 
the obesity gene, is situated at 7q31.3 and plays a crucial 
role in regulating obesity by suppressing food intake and 
enhancing energy expenditure. Mutations in the gene 
encoding leptin can lead to severe obesity in both ani-
mals and humans, with severe obesity potentially result-
ing in telomere shortening [14]. Lastly, lifestyle factors 

Fig. 3  The relationship between ΔLEP and ΔRLTL after adjusting for HOMA-IR, HOMA-β and QUICKI. Abbreviations: B: partial regression coefficient; CI: 
confidence interval, HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; HOMA-β: Homeostatic Model Assessment for β-Cell Function; 
QUICKI: Quantitative insulin sensitivity check index.; LEP: Leptin; ADP: adiponectin

 



Page 8 of 10Li et al. Lipids in Health and Disease          (2024) 23:103 

such as physical activity and stress are also regarded as 
potential regulatory factors of telomere length. Variations 
in these factors across different regions and studies may 
contribute to the onset of various diseases, such as meta-
bolic syndrome, thereby further accelerating telomere 
shortening [26, 27].

Insulin resistance denotes the condition where nor-
mal insulin levels fail to elicit downstream metabolism, 
resulting in reduced tissue sensitivity to typical insulin 
concentrations [28]. Even after adjusting for HOMA-
IR, we observed an inverse relationship between LEP 
changes and RLTL. The underlying biological mechanism 
may be associated with adipocyte secretion implicated in 
insulin resistance [29]. LEP, a cytokine exacerbating insu-
lin resistance with pro-inflammatory properties, could 
contribute to accelerated aging. Furthermore, both insu-
lin resistance and leptin are biologically intertwined with 
inflammation and oxidative stress [30–32]. Studies on 
this subject have noted that elevated levels of inflamma-
tory and stress markers, such as hsCRP and ANG II, are 
negatively correlated with TL [7].

However, LEP is not the sole factor influencing telo-
mere length. The aging process in humans is governed by 
the intricate interplay of various factors, with telomeres 
serving as a prominent indicator [33]. Consequently, we 
did not observe any interaction effects between changes 
in HOMA-IR, HOMA-β, QUICKI, and LEP on telomere 
length changes. This could be attributed to the fast-paced 
lifestyle inducing chronic psychological stress in many 
adults, leading to metabolic disruptions and alterations 
in the pro-inflammatory biochemical milieu, ultimately 
culminating in telomere shortening [34]. Telomere length 
attrition stems from the cumulative impact of inflam-
mation and oxidative stress [15]. Additionally, factors 
like racial disparities, study design, and sample size may 
potentially influence the relationship between telomere 
length and insulin resistance. Furthermore, given the 
examination of changes in insulin resistance’s effects 
on telomeres across various timeframes in this study, 
diverse outcomes are likely. Alongside variations in the 
study population and inclusion/exclusion criteria, further 
investigation is warranted to elucidate the mechanism 
underlying the positive association of RLTL with insulin 
resistance.

Strengths and limitations
The present study boasts several notable strengths. 
Firstly, we employed a longitudinal study design to scru-
tinize changes over time. Moreover, by computing altera-
tions in insulin resistance and inflammatory markers, 
we achieved a more comprehensive characterization 
of temporal variations. Additionally, interaction analy-
sis was conducted to explore the mediating role of adi-
pokines in the relationship between changes in insulin Ta
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resistance and relative telomere length. However, our 
study has several limitations. Firstly, while the gold stan-
dard for assessing insulin resistance is the glucose clamp 
technique, we utilized HOMA-IR due to its feasibility 
in large study populations [35]. Although HOMA-IR, 
derived from blood glucose and insulin levels, has served 
as a reliable indicator for evaluating insulin resistance in 
numerous population-based studies, it may not capture 
the full complexity of the phenomenon [36]. Secondly, 
the limited sample size of our study necessitated the 
measurement of RLTL instead of LTL, potentially leading 
to differences in the results. Thirdly, the significant cor-
relation observed between changes in insulin resistance 
and adipocytokines may vary among study participants, 
warranting further research to thoroughly investigate 
these effects over an extended period and ascertain their 
generalizability to other cohorts. Fourthly, telomere 
length is influenced by age, and discrepancies among dif-
ferent cohorts could stem from variations in age distri-
bution. Additionally, residual confounding factors, such 
as medication use, may exist, underscoring the need for 
meticulous consideration in future research endeav-
ors. Moreover, misclassification errors, particularly with 
categorical variables, may introduce discrepancies with 
other findings. Furthermore, the long-term duration of 
the study may subject it to the effects of aging, poten-
tially impacting the primary research outcomes. Lastly, 
telomere length is likely influenced by diet and genetic 
factors. However, due to baseline limitations, detailed 
information regarding these variables could not be 
obtained, precluding definitive conclusions about their 
specific impact on telomere length.

Conclusion
This study observed a significant correlation between 
the increase in Leptin levels and the gradual shorten-
ing of telomere length. This correlation was further 
strengthened after incorporating HOMA-IR, HOMA-β, 
and QUICKI into the model. However, the interaction 
effects between HOMA-IR, HOMA-β, QUICKI, and 
LEP respectively had no impact on RLTL. These findings 
suggest that Leptin may influence overall health status 
through its effect on telomere length, thereby neces-
sitating the development of measures aimed at reduc-
ing Leptin levels to prevent the onset and progression of 
related diseases.

Abbreviations
BMI	� Body mass index
FPG	� Fasting blood glucose
HDL-C	� High density lipoprotein cholesterol
LDL-C	� Low density lipoprotein cholesterol
TC	� Total cholesterol
TG	� Triglyceride
SBP	� systolic blood pressure
DBP	� diastolic blood pressure

WC	� Waist circumference
LTL	� leukocyte telomere length
HOMA-IR	� Homeostatic Model Assessment for Insulin Resistance
FINS	� Serum insulin concentrations
RLTL	� Relative leukocyte telomere length
ADP	� adiponectin
HOMA-β	� Homeostatic Model Assessment for β-Cell Function
QUICKI	� Quantitative insulin sensitivity check index
CI	� confidence interval

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12944-024-02097-x.

Supplementary Material 1

Acknowledgements
We are grateful to all participants in this study and the data collection staff; 
without them, the work of the research could never have been completed.

Author contributions
YHZ and YZ designed the study and drafted the outline. JL and CY wrote 
the original draft, and reviewed and edited the manuscript. XWL, YDZ and 
QQL helped supervise the field activities and collected the data. JL, CY and 
XWL organized and analyzed the data. YHZ and YZ critically reviewed and 
revised the manuscript. All authors read and approved the final version to be 
published.

Funding
The current study was supported by the National Natural Science Foundation 
of China (No. 82060592, No. U22A20360) and the key R&D projects in Ningxia 
Hui Autonomous Region (2021BEG02026). The funders had no role in the 
study design, data collection, data analysis, data interpretation, or writing of 
the report.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was approved by the Ningxia Medical University Ethics Committee, 
and all participants provided written and verbal information about the study 
and provided written informed consent.

Consent for publication
There are no details on individual participants within the manuscript.

Competing interests
No potential conflicts of interest relevant to this article were reported.

Received: 13 March 2024 / Accepted: 3 April 2024

References
1.	 Blackburn E. Structure and function of telomeres. Nature. 

1991;350(6319):569–73. https://doi.org/10.1038/350569a0.
2.	 Harley C, Futcher A, Greider C. Telomeres shorten during ageing 

of human fibroblasts. Nature. 1990;345(6274):458–60. https://doi.
org/10.1038/345458a0.

3.	 Wang J, Dong X, Cao L, Sun Y, Qiu Y, Zhang Y, et al. Association between 
telomere length and diabetes mellitus: a meta-analysis. J Int Med Res. 
2016;44(6):1156–73. https://doi.org/10.1177/0300060516667132.

4.	 Haycock PC, Heydon EE, Kaptoge S, Butterworth AS, Thompson A, Willeit P. 
Leucocyte telomere length and risk of cardiovascular disease: systematic 

https://doi.org/10.1186/s12944-024-02097-x
https://doi.org/10.1186/s12944-024-02097-x
https://doi.org/10.1038/350569a0
https://doi.org/10.1038/345458a0
https://doi.org/10.1038/345458a0
https://doi.org/10.1177/0300060516667132


Page 10 of 10Li et al. Lipids in Health and Disease          (2024) 23:103 

review and meta-analysis. BMJ. 2014;349:g4227. https://doi.org/10.1136/bmj.
g4227.

5.	 Ayina CN, Noubiap JJ, Etoundi Ngoa LS, Boudou P, Gautier JF, Mengnjo MK, 
et al. Association of serum leptin and adiponectin with anthropomorphic 
indices of obesity, blood lipids and insulin resistance in a sub-saharan 
African population. Lipids Health Dis. 2016;15:96. https://doi.org/10.1186/
s12944-016-0264-x.

6.	 Tsukinoki R, Morimoto K, Nakayama K. Association between lifestyle factors 
and plasma adiponectin levels in Japanese men. Lipids Health Dis. 2005;4:27. 
https://doi.org/10.1186/1476-511x-4-27.

7.	 Al-Attas O, Al-Daghri N, Alokail M, Alfadda A, Bamakhramah A, Sabico S, 
et al. Adiposity and insulin resistance correlate with telomere length in 
middle-aged arabs: the influence of circulating adiponectin. Eur J Endocrinol. 
2010;163(4):601–7. https://doi.org/10.1530/eje-10-0241.

8.	 Broer L, Raschenberger J, Deelen J, Mangino M, Codd V, Pietiläinen KH, et 
al. Association of adiponectin and leptin with relative telomere length in 
seven independent cohorts including 11,448 participants. Eur J Epidemiol. 
2014;29(9):629–38. https://doi.org/10.1007/s10654-014-9940-1.

9.	 Tamura Y, Takubo K, Aida J, Araki A, Ito H. Telomere attrition and diabetes mel-
litus. Geriatr Gerontol Int. 2016;66–74. https://doi.org/10.1111/ggi.12738.

10.	 Petersen M, Shulman G. Mechanisms of insulin action and insulin 
resistance. Physiol Rev. 2018;98(4):2133–223. https://doi.org/10.1152/
physrev.00063.2017.

11.	 Liu Y, Ma C, Li P, Ma C, He S, Ping F, et al. Leukocyte telomere length indepen-
dently predicts 3-Year diabetes risk in a longitudinal study of Chinese Popula-
tion. Oxid Med Cell Longev. 2020. https://doi.org/10.1155/2020/9256107.

12.	 Zhao Y, Wang B, Wang G, Huang L, Yin T, Li X, et al. Functional interaction 
between plasma phospholipid fatty acids and insulin resistance in leucocyte 
telomere length maintenance. Lipids Health Dis. 2020;19(1):11. https://doi.
org/10.1186/s12944-020-1194-1.

13.	 Yang C, Liu X, Dang Y, Li J, Jing J, Tian D, et al. Obesity metabolic phenotype, 
changes in Time and Risk of Diabetes Mellitus in an observational prospec-
tive study on General Population. Int J Public Health. 2022;67:1604986. 
https://doi.org/10.3389/ijph.2022.1604986.

14.	 Al-Attas OS, Al-Daghri N, Bamakhramah A, Shaun Sabico S, McTernan P, 
Huang TT. Telomere length in relation to insulin resistance, inflammation 
and obesity among arab youth. Acta Paediatr. 2010;99(6):896–9. https://doi.
org/10.1111/j.1651-2227.2010.01720.x.

15.	 Aviv A, Valdes A, Gardner JP, Swaminathan R, Kimura M, Spector TD. Meno-
pause modifies the association of leukocyte telomere length with insulin 
resistance and inflammation. J Clin Endocrinol Metab. 2006;91(2):635–40. 
https://doi.org/10.1210/jc.2005-1814.

16.	 Wang Y, Jiao F, Zheng H, Kong Q, Li R, Zhang X, et al. Gender difference in 
associations between Telomere length and risk factors in patients with 
stroke. Front Aging Neurosci. 2021;13:719538. https://doi.org/10.3389/
fnagi.2021.719538.

17.	 Mangge H, Herrmann M, Almer G, Zelzer S, Moeller R, Horejsi R, et al. Telo-
mere shortening associates with elevated insulin and nuchal fat accumula-
tion. Sci Rep. 2020;10(1):6863. https://doi.org/10.1038/s41598-020-63916-6.

18.	 Tchernof A, Després JP. Pathophysiology of human visceral obesity: 
an update. Physiol Rev. 2013;93(1):359–404. https://doi.org/10.1152/
physrev.00033.2011.

19.	 Njajou OT, Cawthon RM, Blackburn EH, Harris TB, Li R, Sanders JL, et al. Shorter 
telomeres are associated with obesity and weight gain in the elderly. Int J 
Obes (Lond). 2012;36(9):1176–9. https://doi.org/10.1038/ijo.2011.196.

20.	 Mazidi M, Shekoohi N, Katsiki N, Rakowski M, Mikhailidis DP, Banach M. 
Serum anti-inflammatory and inflammatory markers have no causal impact 
on telomere length: a mendelian randomization study. Arch Med Sci. 
2021;17(3):739–51. https://doi.org/10.5114/aoms/119965.

21.	 Hardikar S, Song X, Risques RA, Montine TJ, Duggan C, Blount PL, et al. 
Obesity and inflammation markers in relation to leukocyte telomere length 
in a cross-sectional study of persons with Barrett’s esophagus. BMC Obes. 
2015;2:32. https://doi.org/10.1186/s40608-015-0063-3.

22.	 Zaibibuli K, Muheyati D, Lv MX, Aisike G, Jielili M, Zhao J, et al. Dietary 
inflammatory index and its association with leptin and adiponectin in 

Uygur overweight/obese adults. Nutr Hosp. 2023;40(4):739–45. https://doi.
org/10.20960/nh.04281.

23.	 Canudas S, Becerra-Tomás N, Hernández-Alonso P, Galié S, Leung C, Crous-
Bou M, et al. Mediterranean Diet and Telomere length: a systematic review 
and Meta-analysis. Adv Nutr. 2020;11(6):1544–54. https://doi.org/10.1093/
advances/nmaa079.

24.	 Shannon OM, Ashor AW, Scialo F, Saretzki G, Martin-Ruiz C, Lara J, et al. Medi-
terranean diet and the hallmarks of ageing. Eur J Clin Nutr. 2021;75(8):1176–
92. https://doi.org/10.1038/s41430-020-00841-x.

25.	 Naspolini NF, Sichieri R, Cunha Barbosa D, Alves Pereira R, Faerstein E. Dietary 
patterns, obesity markers and leukocyte telomere length among Brazilian 
civil servants: cross-sectional results from the Pro-saude study. Public Health 
Nutr. 2023;1–7. https://doi.org/10.1017/s1368980023001064.

26.	 Yamamoto N, Maruyama K, Saito I, Tomooka K, Tanigawa T, Kawamura R, 
et al. Latent profile analysis approach to the relationship between daily 
ambulatory activity patterns and metabolic syndrome in middle-aged and 
elderly Japanese individuals: the Toon Health Study. Environ Health Prev Med. 
2023;28:57. https://doi.org/10.1265/ehpm.23-00110.

27.	 Seto H, Toki H, Kitora S, Oyama A, Yamamoto R. Seasonal variations of the 
prevalence of metabolic syndrome and its markers using big-data of health 
check-ups. Environ Health Prev Med. 2024;29:2. https://doi.org/10.1265/
ehpm.23-00216.

28.	 Johns EC, Denison FC, Norman JE, Reynolds RM. Gestational diabetes Mel-
litus: mechanisms, treatment, and complications. Trends Endocrinol Metab. 
2018;29(11):743–54. https://doi.org/10.1016/j.tem.2018.09.004.

29.	 Noordam R, Boersma V, Verkouter I, le Cessie S, Christen T, Lamb HJ, et al. The 
role of C-reactive protein, adiponectin and leptin in the association between 
abdominal adiposity and insulin resistance in middle-aged individuals. 
Nutr Metab Cardiovasc Dis. 2020;30(8):1306–14. https://doi.org/10.1016/j.
numecd.2020.04.021.

30.	 Zamboni M, Di Francesco V, Garbin U, Fratta Pasini A, Mazzali G, Stranieri 
C, et al. Adiponectin gene expression and adipocyte NF-kappaB transcrip-
tional activity in elderly overweight and obese women: inter-relationships 
with fat distribution, hs-CRP, leptin and insulin resistance. Int J Obes (Lond). 
2007;31(7):1104–9. https://doi.org/10.1038/sj.ijo.0803563.

31.	 Broer L, Raschenberger J, Deelen J, Mangino M, Codd V, Pietiläinen K, et 
al. Association of adiponectin and leptin with relative telomere length in 
seven independent cohorts including 11,448 participants. Eur J Epidemiol. 
2014;29(9):629–38. https://doi.org/10.1007/s10654-014-9940-1.

32.	 Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link between insu-
lin resistance, obesity and diabetes. Trends Immunol. 2004;25(1):4–7. https://
doi.org/10.1016/j.it.2003.10.013.

33.	 Andreu-Sánchez S, Aubert G, Ripoll-Cladellas A, Henkelman S, Zherna-
kova DV, Sinha T, et al. Genetic, parental and lifestyle factors influence 
telomere length. Commun Biol. 2022;5(1):565. https://doi.org/10.1038/
s42003-022-03521-7.

34.	 Epel ES. Psychological and metabolic stress: a recipe for accelerated 
cellular aging? Horm (Athens). 2009;8(1):7–22. https://doi.org/10.14310/
horm.2002.1217.

35.	 DeFronzo R, Tobin J, Andres R. Glucose clamp technique: a method for quan-
tifying insulin secretion and resistance. Am J Physiol. 1979;237(3):E214–23. 
https://doi.org/10.1152/ajpendo.1979.237.3.E214.

36.	 Bonora E, Targher G, Alberiche M, Bonadonna R, Saggiani F, Zenere M, 
et al. Homeostasis model assessment closely mirrors the glucose clamp 
technique in the assessment of insulin sensitivity: studies in subjects with 
various degrees of glucose tolerance and insulin sensitivity. Diabetes Care. 
2000;23(1):57–63. https://doi.org/10.2337/diacare.23.1.57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1136/bmj.g4227
https://doi.org/10.1136/bmj.g4227
https://doi.org/10.1186/s12944-016-0264-x
https://doi.org/10.1186/s12944-016-0264-x
https://doi.org/10.1186/1476-511x-4-27
https://doi.org/10.1530/eje-10-0241
https://doi.org/10.1007/s10654-014-9940-1
https://doi.org/10.1111/ggi.12738
https://doi.org/10.1152/physrev.00063.2017
https://doi.org/10.1152/physrev.00063.2017
https://doi.org/10.1155/2020/9256107
https://doi.org/10.1186/s12944-020-1194-1
https://doi.org/10.1186/s12944-020-1194-1
https://doi.org/10.3389/ijph.2022.1604986
https://doi.org/10.1111/j.1651-2227.2010.01720.x
https://doi.org/10.1111/j.1651-2227.2010.01720.x
https://doi.org/10.1210/jc.2005-1814
https://doi.org/10.3389/fnagi.2021.719538
https://doi.org/10.3389/fnagi.2021.719538
https://doi.org/10.1038/s41598-020-63916-6
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1038/ijo.2011.196
https://doi.org/10.5114/aoms/119965
https://doi.org/10.1186/s40608-015-0063-3
https://doi.org/10.20960/nh.04281
https://doi.org/10.20960/nh.04281
https://doi.org/10.1093/advances/nmaa079
https://doi.org/10.1093/advances/nmaa079
https://doi.org/10.1038/s41430-020-00841-x
https://doi.org/10.1017/s1368980023001064
https://doi.org/10.1265/ehpm.23-00110
https://doi.org/10.1265/ehpm.23-00216
https://doi.org/10.1265/ehpm.23-00216
https://doi.org/10.1016/j.tem.2018.09.004
https://doi.org/10.1016/j.numecd.2020.04.021
https://doi.org/10.1016/j.numecd.2020.04.021
https://doi.org/10.1038/sj.ijo.0803563
https://doi.org/10.1007/s10654-014-9940-1
https://doi.org/10.1016/j.it.2003.10.013
https://doi.org/10.1016/j.it.2003.10.013
https://doi.org/10.1038/s42003-022-03521-7
https://doi.org/10.1038/s42003-022-03521-7
https://doi.org/10.14310/horm.2002.1217
https://doi.org/10.14310/horm.2002.1217
https://doi.org/10.1152/ajpendo.1979.237.3.E214
https://doi.org/10.2337/diacare.23.1.57

	﻿Study of association of leptin with leukocyte telomere length in a Chinese rural population
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and subject selection
	﻿Anthropometric measurements
	﻿Biochemical measurements
	﻿DNA extraction and telomere length analysis
	﻿Definition of variable
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of the study population
	﻿RLTL levels of the subjects under different grouping conditions
	﻿The relationship between adipose cytokines and RLTL
	﻿The roles of HOMA-IR, HOMA-β and QUICKI in the relationship between LEP and RLTL

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


