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Abstract
Background

Some previous studies seemed to con�rm a link between telomere length and many chronic diseases, but
in recent years, a growing body of evidence has shown a weak link between telomere length and some
chronic diseases. In previous studies insulin resistance has been listed as a sign of arterial aging, diabetes,
and especially atherosclerosis. However, there is insu�cient evidence that telomere length is associated
with insulin resistance in US adults. Therefore, we tried to �nd evidence of telomere length and insulin
resistance based on the NHANES1999-2002 database.

Methods

We used multiple logistic regression analysis to test the relationship between telomere length and insulin
resistance, and drew a smooth �tting curve between telomere length and insulin resistance without
adjustment. At the same time, groups of people were divided according to age, gender, race, etc., and
multivariate Logistic analysis was conducted after adjusting covariables to test the association between
telomere length and insulin resistance in different groups.

Results

In this study, after the adjustment of covariables. Telomere length was not associated with insulin
resistance in U.S. adults and was not statistically signi�cant.

Conclusions

Since there is a signi�cant association between insulin resistance and race, further investigation and study
is needed to determine whether telomere length is related to the risk of insulin resistance in other
populations. At the same time, more research is needed to explore the link between telomeres and chronic
disease in the future.

Background
Currently, we believe that mammalian aging is characterized by two key features: one is age-dependent
relaxation of the nutrient senses. The second is age-dependent telomere length wear (1). The risk of insulin
resistance increases with age and this is the most common form of unregulated nutrient perception in the
general population (2,3).

If both insulin resistance and telomere wear re�ect the aging process to some extent, then whether there is
a link between human telomere dynamics, i.e., telomere length (TL) and age-related wear, and insulin
resistance?

Many studies have explored the correlation between leukocyte telomere length and insulin resistance index
or type 2 diabetes. Most of these studies (4-11) but not all (12, 13) found a negative correlation between
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leukocyte telomere length and insulin resistance. Or that white blood cell telomere length was shorter in
type 2 diabetes than in people without type 2 diabetes.

However, this �nding is currently being challenged by increasing evidence that telomere length is
determined early in life (14), and another study has shown that the rate of telomere shortening in adult
white blood cells is de�nite (15). Therefore, genetic factors (16) and intrauterine environment (17-19) may
play a role in the formation of leukocyte telomere length.

Although a number of studies seem to show an association between leukocyte telomere length and insulin
resistance. However, in the current study, evidence of an association between insulin resistance and
leukocyte telomere length in American adults remains weak. Our aim was to investigate whether the
occurrence of insulin resistance is related to leukocyte telomere length using the U.S. National Health and
Nutrition Examination Survey (NHANES) database.

Methods
data sources

NHANES, an ongoing cross-sectional study conducted by the National Center for Health Statistics (NCHS),
is a national database containing information about the health and nutritional status of adults and
children in the United States. NHANES has been collecting data since 1999, including unique information
on interviews and medical examinations. State department of health and human services (HHS) o�cial
website (http://www.cdc.gov/nchs/nhanes/nannes_quemplairees.htm) provides data are analyzed and
illustrated. The NHANES protocol was approved by the NCHS Research Ethics Review Board, and informed
consent was obtained from all participants. The NHANES database consists of �ve main components,
including demographic data, dietary data, examination data, laboratory data, and questionnaire data. More
detailed information about NHANES is available on the o�cial website.

Participant selection

We conducted a series of data analyses based on data from two consecutive NHANES survey cycles:
1999-2000 and 2001-2002. After screening for a variety of conditions, we �nally selected 21,004 (1999-
2000:9,965 cases;2001-2002:11,039 cases) and 2,427 participants were selected for the �nal data
analysis. Participants were screened based on the following exclusion criteria :(1) persons under 18 years
of age (n=10,151);(2) Subjects with no telomere data (n=3026);(3) Subjects without insulin data (n=3200);
(4) Some other data loss (n=2200).(Figure 1.) This study was not a clinical trial, so no clinical registration
was required. The study procedure is in line with the World Medical Association's Helsinki Declaration (see
the NHANES website for details).

Data Collection

All information is collected by uniformly trained investigators. These data include demographic data
(gender, age, race/ethnicity, etc.), health-related behaviors (smoking and alcohol consumption),
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anthropometric measurements (e.g., height, waist circumference, weight, etc.) and biochemical tests (TC,
TG, GLU, etc.).AIA- PACK method was used to determine insulin on TOSOH AIA system analyzer. The
subjects' height, weight, and waist circumference were measured according to standard protocols and
techniques. BMI was calculated as follows: BMI= weight (Kg)/ height (M2).The cut-off points of BMI were
normal (18.5-24.9kg /m2), overweight (25.0-29.9kg /m2) and obese (BMI≥ 30.0kg /m2). IR was indexed
by the homeostasis model assessment (HOMA) formula: [fasting insulin (μU/mL)×fasting glucose
(mmol/L)]/22.5 In this study, the value was 3.7, representing the diagnostic value of IR for the entire study
population, rather than the general sample.

Evaluation Criterion

Telomere

Telomere length analysis in this trial was performed at the University of California, San Francisco using
polymerase chain reaction to measure telomere length relative to standard reference DNA(T/S) ratios.
Each sample was tested three times over a 3-day period, on repeated 6 Wells, to identify and rule out any
potential outliers (<2% of the sample).About all the details, please visit http://cdc.gov/nchs/nhanes lab
section. The coe�cient of variation between batches was 6.5%.The value represents the mean (standard
deviation) of the T/S ratio. The Centers for Disease Control (CDC) approved human subjects for this
measure through the CDC Institutional Review Board and ensured quality control of the TL measurements
prior to establishing a data link to the NHANES database.

Smoking

In this study, we divided smoking into two levels. Smoker: refers to having smoked more than 100
cigarettes in a lifetime or having smoked more than one cigarette on average in the last 30 days. Non-
smokers: refer to those who have smoked no more than 100 cigarettes in their lifetime or no more than one
cigarette on average in the past 30 days.

hypertension

Hypertension was de�ned as resting systolic and/or diastolic blood pressure ≥140/90 mmHg (20).
Another relatively strict standard is based on the 2017 American College of Cardiology/American Heart
Association Blood Pressure Guidelines (21).Blood pressure <130/80 mmHg is recommended as normal.
Hypertension was de�ned as having three mean BP of >130/80 or taking hypertensive medication.

Education

In this study, we divided the educational level of the participants into two levels, one was the participants
who had received higher education, or at least tertiary education. Second, those who have not received
higher education, those who have not received college education or above.

Income
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In this study, we divided the family income into two levels, one is the family income of less than $100,000
a year low-income families. Second, high-income families with a household income of $100,000 or more a
year.

Covariable Selection

The potential confounders of possible associations between Telomere length and risk of insulin resistance
outcomes were de�ned a priori based on the literature.

Our covariates were selected apriori based on our prior work and studies from others examining risk
factors for insulin resistance.

Statistical Approach

In order to make the sample more representative, we use NHANES database with complex, multi-stage
probability sampling design. The study looked at a nationally representative sample; Each year, 5,000
people are selected from a sampling framework of 15 different locations across all counties in the United
States. The prevalence of IR is a weighted percentage of IR in the complex sample, equal to the number of
IR patients divided by the total number of IR patients. The statistical analysis was performed using the R
3.4.3 version. Continuous variables are expressed as detailed sample descriptions, with averages and 95%
con�dence intervals. Classi�cation variables are expressed as counts and weighted percentages, using
complex sample frequencies. Continuous variables were compared between groups using student t test or
Mann-Whitney U test based on distribution normality, and classi�cation variables were compared using
Fisher's exact test.

We established three logistic regression models to test the risk of telomere length and insulin resistance,
and analyzed the models according to covariates such as age, gender, race and BMI. After adjustment,
multiple logistic regression was used to test the relationship between the risk of insulin resistance and
telomere length in each subgroup.

Results
We selected the 1999-2002NHANES database to participate in this study. After screening for a variety of
conditions, we selected 21,004 participants (1999-2000:9,965 cases;2001-2002:11,039 cases) and 2,427
participants were selected for the �nal data analysis. Participants were screened based on the following
exclusion criteria :(1) persons under 18 years of age (n=10,151);(2) Subjects with no telomere data
(n=3026);(3) Subjects without insulin data (n=3200);(4) Some other data loss (n=2200).(Figure 1.) This
study was not a clinical trial, so no clinical registration was required. The study procedure is in line with the
World Medical Association's Helsinki Declaration (see the NHANES website for details).

Of the 2,427 eligible subjects, we divided them into two groups based on whether they developed insulin
resistance.608 subjects with IR values greater than 3.7 were assigned to the insulin-exposed group and the
remaining 1818 subjects were assigned to the unexposed group. The ages of the exposed group and the
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unexposed group were 50.91±17.26 and 47.18±18.51, respectively. The difference in age distribution
between the two groups was statistically signi�cant (P < 0.001), and the age of the unexposed group was
signi�cantly lower than that of the exposed group. Exposed group of body mass index (32.94±6.73) higher
than the unexposed group of body mass index (26.56±4.85), with statistical signi�cance (P < 0.001), the
crowd of insulin resistance waist circumference (108.42±14.22) signi�cantly higher than that of insulin
resistance in obesity (92.61±12.79) (P < 0.001), at the same time the occurrence of insulin resistance in
patients with high blood pressure (P = 0.016), diabetes (P < 0.001) in patients with statistical signi�cance.
There were signi�cant differences in insulin resistance among ethnic groups (P<0.001), and there was no
statistical signi�cance in people who smoked or smoked with insulin (P=0.99).(Table 1)

Table 2 shows the unadjusted occurred under the condition of insulin resistance and age, BMI, waist
circumference, gender, age group, the relationship between the degree of education, we can conclude in
this crowd, smoking or not has nothing to do with whether insulin resistance, with the increase of age,
incidence of insulin resistance in the reach after age 60, each a year old, can make the incidence of the
insulin increased by 90% (1.52, 2.38, P < 0.0001), compared to women and men, the probability of
occurrence of insulin resistance was reduced by 18% (0.69, 0.99, P = 0.039).Participants without diabetes
had an 87% lower risk than those with diabetes (0.09,0.19, P<0.0001).With the participants of high blood
pressure than participants without hypertension risk increased by 35% (1.06, 1.71, P = 0.0158), both in
terms of income also have statistical signi�cance, in the income is greater than or equal to $100000 in the
crowd, the risk of insulin resistance than income less than $100000 to reduce 27% (0.59, 0.91, P < 0.0001),
and telomere length 0.01, each additional 62% lower risk of insulin resistance (0.26, 0.56, P < 0.001). Table
2

We performed multiple logistic regression model test (table 3) on telomere length and the occurrence of
insulin resistance, and found that there was no correlation between telomere length and insulin resistance
after adjustment. It was concluded that there was no correlation between the risk of insulin resistance and
telomere length. We created three models, model 1 without any adjustment, model 2 with adjustment of
sex; age; race; education: diabetes; income, waistline; Smoking and other factors, model 3 adjusted age;
sex; race; education; income; HBP; BMI; waistline; diabetes; HDL-C; TG; Smoking. We found that, in the case
of without any adjustment, telomere length and insulin resistance related to (OR: 0.38 (0.26, 0.56) P <
0.0001), the inverse ratio relation (�gure 2), after adjusting the covariate of model 1, found that telomere
length associated with insulin resistance does not (OR: 0.64 (0.39, 1.05) P = 0.08), and continue to
complete the adjustment model 2, found that insulin resistance related to telomere length does not (OR:
0.64, (0.38, 1.08) P = 0.093).In order to test the reliability of the results, we divided the telomere length into
three groups according to the same length. Without adjustment, only the group with the longest telomere
was related to the occurrence of insulin resistance (OR: 0.31(0.12,0.84 P=0.021). After the adjustment of
model 2 (OR: 0.68(0.22,2.08) P=0.499) and model 3 (OR:0.54(0.16,1.79) P=0.315), the telomere length was
also not related to the occurrence of insulin resistance.

In order to further verify the reliability of the results, we divided the population into the following pressure
groups (Figure 3) for analysis. We divided the age into three groups, and the covariable adjustment was
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the same as Model 3. It was found that telomere length was not associated with insulin resistance in any
population, and P values were all greater than 0.05, which was not statistically signi�cant. We grouped by
gender, and P values were all greater than 0.05.We tried to group people according to income, education,
BMI, waist circumference, HDL, TG, etc., and found that the P values were all greater than 0.05, which was
not statistically signi�cant.

So, all of that. Based on this study, we believe that there is no correlation between telomere length
reduction and insulin resistance in the adult population of the United States.

Discussion
Previous studies have shown that telomeres are nuclear protein structures that exist at the end of each
chromosome arm, and their physiological function is to maintain the stability of the genome, so that
normal genes are not degraded and the integrity of the genome is maintained. There are highly conserved
hexamers (TTAGGG) in tandem to form highly repetitive DNA sequences, and the structure is called the
ring structure of T ring .(22)

Telomere length has previously been linked to various chronic diseases. Our primary objective was to
investigate whether telomere length is associated with the risk of insulin resistance in US adults. Since
telomere length is closely associated with mortality from diabetes and cardiovascular disease, this issue is
very important. Insulin resistance is also considered to be an important risk factor for diabetes and
cardiovascular disease. Insulin resistance has been listed as a sign of arterial aging, diabetes, and
especially atherosclerosis.

In the general population, we can �nd that age is closely related to insulin resistance, and the risk of insulin
resistance increases with the increase of age. At the same time, age is also the most important factor for
telomere shortening (23, 24).Previous studies seem to link in�ammation and oxidative stress as a unifying
factor in the association of telomere shortening with atherosclerosis and insulin resistance
(25).Atherosclerosis and insulin resistance are both chronic states of inert in�ammation and oxidative
stress (26). The presence of in�ammation causes hematopoietic stem cells to proliferate in response to
the in�ammatory response, a phenomenon that increases telomere wear. Since the telomere G triplet that
makes up the TTAGGG repeats is highly sensitive to hydroxyl radicals, oxidative stress may accelerate the
wear of telomere length, at least in vitro, as the loss of telomere repeats is greater with each cell
replication. Therefore, adult telomere length reduction is often attributed to accelerated telomere length
reduction associated with the process of insulin resistance and atherosclerosis. In our view, this concept
needs a major revision, since telomere length is mainly determined before adulthood. Therefore, we can
infer that if telomere length is negatively correlated with insulin resistance in adults, telomere length
shortening precedes insulin resistance.

Some of the recent animal experiment, found in rodents, shorter telomeres may cause damage to the
function of islet beta cells (27, 28), but this is unlikely to explain human telomere length and insulin
resistance, because the insulin resistance to insulin is the nature of the response to insulin sensitive to the
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(29).In mice, telomere shortening appears to lead to metabolic dysfunction through mitochondrial
dysfunction (30).When the telomere binding protein RAP1 was destroyed, mice showed abdominal fat
accumulation, insulin resistance, and other metabolic abnormalities, suggesting that telomere biology
plays a key role in body weight homeostasis (31, 32).

It is worth mentioning that in our current study, after adjusting multiple models, telomere length seems to
have no inevitable relationship with insulin resistance. Telomeres gradually shortened with age, but there
was no statistically signi�cant difference in telomere length or insulin resistance among age groups. We
divided the population into different subgroups according to different factors (Figure 3), and no statistical
signi�cance was found in telomere length and insulin resistance after adjustment.

We would like to highlight the advantages and limitations of this study. The �rst advantage is the
population representation of this study. We used the NHANES database, which has the advantage of being
nationally representative. In addition, the high precision Southern blotting method was used to measure
telomere length (33).A recent study showed that quantitative PCR based methods for measuring telomere
length were as reproducible as Southern blotting. However, a commentary accompanying the study
questions the validity of this argument (34).Furthermore, in an objective evaluation of the two methods,
the coe�cient of variation between batches for quantitative PCR was found to be four times greater than
that for Southern blotting (35).Secondly, our study added HDL-C and TG on the basis of previous studies,
because it was found in some recent investigations that HDL and TG are the key factors affecting insulin
resistance. In addition, our inclusion criteria for the population is only based on the absence of necessary
data, rather than being limited to the unique samples in the usual studies, which means that our results are
more representative of the general population. We wanted to show an association between telomere length
and insulin resistance in the general population of the United States, rather than in a speci�c population.
After controlling for all other confounding effects, we hoped to obtain a complementary effect representing
the relationship between telomere length and insulin resistance, respectively

However, there are still some shortcomings in this study. First of all, our data are from a cross-sectional
survey and the sample is uniquely representative of the sample population. The NHANES database is only
representative of the general US population. Insulin resistance is ethnically speci�c, so our study is not
applicable to other populations, and further studies are needed for other populations. Secondly, as an
alternative method for the diagnosis of insulin resistance, HOMA-IR still has some limitations in its
reproducibility and reliability.

Conclusion
In summary, telomere length is not associated with insulin resistance in the average American adult. Both
insulin resistance and telomere length varied with age, but the deterioration between insulin resistance and
telomere length was not statistically signi�cant. This is different from some previous studies. In clinical
practice, more studies are needed to analyze the relationship between telomere length and insulin
resistance. Our �ndings, which were tested on a representative sample of American adults, provide new
insights into human insulin resistance.
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Characteristics All participants
N=2426)

Patients with
Insulin
resistance(N=608)

Patients without
Insulin
resistance(N=1818)

P-
value

Demographic        

Age(years),mean±SD 48.1±18.3 50.91±17.26 47.18±18.51 <0.001

Age group       <0.001

<40 916(37.76%) 174 (28.62%) 742 (40.81%)  

40-60 764(31.49%) 204 (33.55%) 560 (30.80%)  

60> 746(30.75%) 230 (37.83%) 516 (28.38%)  

sex       0.039

male,no.(%) 1165 (48.02%) 314 (51.64%) 851 (46.81%)  

female,no.(%) 1261 (51.98%) 294 (48.36%) 967 (53.19%)  

BMI(kg/m2),mean±SD 28.16±6.05 32.94±6.73 26.56±4.85 <0.001

smoker       0.99

never smoker,no(%) 1839 (75.80%) 461 (75.82%) 1378 (75.80%)  

smoker,no.(%) 587 (24.20%) 147 (24.18%) 440 (24.20%)  

Waist(cm),mean±SD 96.58 ± 14.84 108.42±14.22 92.61±12.79 <0.001

race       <0.001

Mexican American 558 (23.00%) 182 (29.93%) 376 (20.68%)  

Other Hispanic 104 (4.29%) 22 (3.62%) 82 (4.51%)  

Non-Hispanic White 1291 (53.22%) 257 (42.27%) 1034 (56.88%)  

Non-Hispanic Black 401 (16.53%) 129 (21.22%) 272 (14.96%)  

Other Race - Including
Multi-Racial

72 (2.97%) 18 (2.96%) 54 (2.97%)  

education, no.(%)       0.002

Less than college , no.
(%)

1974 (81.37%) 521 (85.69%) 1453 (79.92%)  

College graduate or
above, no.(%)

452 (18.63%) 87 (14.31%) 365 (20.08%)  

Clinical characteristics        

Hypertension, no.(%) 380 (15.66%) 114 (18.75%) 266 (14.63%) 0.016

Diabetes mellitus, no.
(%)

156 (6.43%) 50 (2.75%) 106 (17.43%) <0.001
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Serum biomarkers        

Telomere length(T/S
ratio)

1.0±0.3 0.98±0.23 1.05±0.21 <0.001

HDL-C(mmol/L) 1.34 ± 0.40 1.16±0.30 1.40±0.41 <0.001

TG(mmol/L) 1.54 ± 0.79 1.92±0.85 1.41±0.73 <0.001

Abbreviations BMI body mass index; TG,Triglyceride;HDL,high-density lipoprotein

Table 2. Univariate analysis for Insulin resistance
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Covariate Statistics OR(95%CI) P-value

Age(years),mean±SD 48.12 ± 18.27 1.01 (1.01, 1.02) <0.0001

Age(years) group,mean±SD      

<40 916 (37.76%) 1

>=40, <60 764 (31.49%) 1.55 (1.23, 1.96) 0.0002

>=60 746 (30.75%) 1.90 (1.52, 2.38)  <0.0001

BMI(kg/m2),mean±SD 28.16 ± 6.05 1.21 (1.19, 1.24) <0.0001

Waist(cm),mean±SD 96.58 ± 14.84 1.09 (1.08, 1.10)  <0.0001

sex      

male 1165 (48.02%) 1

Female 1261 (51.98%) 0.82 (0.69, 0.99)  0.039

education      

Less than college , no.(%) 1974 (81.37%) 1

College graduate or above, no.(%) 452 (18.63%) 0.66 (0.52, 0.86) 0.0017

smoker      

never smoker,no.(%) 1839 (75.80%) 1

smoker,no.(%) 587 (24.20%) 1.00 (0.81, 1.24) 0.9901

Diabetes mellitus, no.(%)      

YES,no.(%) 156 (6.43%) 1

NO,no.(%) 2270 (93.57%) 0.13 (0.09, 0.19) <0.0001

Hypertension, no.(%)      

NO,no.(%) 2046 (84.34%) 1

YES,no.(%) 380 (15.66%) 1.35 (1.06, 1.71) 0.0158

income      

less than 10 1741 (71.76%) 1

more than 10 685 (28.24%) 0.73 (0.59, 0.91) 0.0041

Telomere length(T/S ratio) 1.03 ± 0.26 0.38 (0.26, 0.56)  <0.0001

Table 3.The association between TL and insulin resistance in a multiple regression model
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Outcome Non-adjusted Model 1 Model 2 Model 3

OR(95%CI) P-value OR(95%CI) P-
value

OR(95%CI) P-
value

TL 0.38 (0.26,0.56) <0.0001 0.64
(0.39,1.05)

0.08 0.64
(0.38,1.08)

0.093

TL group            

TL1 1.0015
(0.1941,5.1683)

0.999 1.07
(0.13,8.55)

0.95 1.33
(0.16,11.14)

0.794

TL2 0.23 (0.01,3.53) 0.29 0.97
(0.03,28.4)

0.984 0.68
(0.02,23.27)

0.83

TL3 0.31 (0.12,0.84) 0.021 0.68
(0.22,2.08)

0.499 0.54
(0.16,1.79)

0.315

Non-adjusted model adjust for: None.Adjust I model adjust for: sex; age; race;
education:diabetes;income,waisit;smoking. Adjust II model adjust for: age; sex; race; education; incom;
HBP; BMI; wasit; diabetes; HDL-C; TG; smoking.

Figures
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Figure 1

Flowchart of patient selection.
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Figure 2

Association between TL and IR.(Not adjust) Notes: The two blue lines represent estimates and their
corresponding 95% con�dence intervals.
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Figure 3

Association of TL with risk of incident. Notes: All groupings are adjusted according to Model 3


