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The purpose of this investigation was to evaluate the association between insulin resistance and biological aging in a randomly
selected sample of 2,596 U.S. women and men. Another key objective was to examine the extent to which the insulin resistance
and biological aging association was influenced by differences in body mass, waist circumference, and systemic inflammation.
Biological aging was indexed using the length of leukocyte telomeres. The homeostatic model assessment (HOMA) was
employed to index insulin resistance. The body mass index (BMI) was used to represent body mass independent of height.
Waist circumference was used to assess abdominal adiposity, and C-reactive protein (CRP) was measured to index body-wide
inflammation. Insulin resistance and telomere length were both treated as continuous variables. Results revealed that insulin
resistance was related significantly with cellular aging, after adjusting for several demographic covariates (F = 5:7, P = 0:0234).
The association remained significant after controlling for multiple demographic and lifestyle covariates together (F = 4:6, P =
0:0410). However, after controlling for BMI, along with the other covariates, insulin resistance was no longer associated
with biological aging ðF = 2:1, P = 0:1573Þ. After adjusting for differences in waist circumference, along with the demographic
and lifestyle covariates, but not BMI, the relationship between insulin resistance and biological aging was negated further
ðF = 1:5, P = 0:2283Þ. Adjusting for CRP with the demographic and lifestyle covariates, but not BMI or waist circumference,
weakened the relationship (F = 4:0, P = 0:0552). Evidently, if all adults in the U.S. had the same BMI or waist circumference,
there would not be a relationship between insulin resistance and telomere length. It appears that insulin resistance accounts for
differences in biological aging mainly because of differences in BMI and waist circumference, especially the latter.

1. Introduction

Diabetes mellitus is an important risk factor for many dis-
eases. Research shows that diabetes leads to cardiovascular
disease, including coronary heart disease, heart failure,
atrial fibrillation, stroke, peripheral artery disease, and other
serious disorders [1–3]. Based on NHANES findings in the
United States, more than 23 million adults have diagnosed
diabetes and almost 8 million more are undiagnosed cases
[4]. A staggering 82 million American adults have predia-
betes [4].

Type 2 diabetes is generally described as the body’s fail-
ure to respond to the consumption of a glycemic load with
the appropriate amount of insulin to enable glucose uptake
[5, 6]. The inability to respond correctly usually happens
gradually and is typically a result of insulin resistance. As

the disease progresses, insensitivity to insulin leads to ele-
vated blood glucose levels and eventually diabetes [5, 6].

Hyperglycemia causes injury to multiple body systems.
Over time, the damage manifests itself in the form of chronic
disease and premature mortality. U.S. diabetics have a mor-
tality rate that is roughly 3.5 times the level of nondiabetics
[7]. However, before the onset of overt disease and premature
death, less obvious health problems can often be detected.
For example, insulin resistance leads to chronic inflamma-
tion and oxidative stress, important mechanisms of biologic
aging [8]. Although less apparent than overt disease, prema-
ture biological aging can be evaluated.

A good measure of biological aging is the length of leuko-
cyte telomeres. Telomere length is a meaningful index of cel-
lular senescence [9]. Telomeres are repetitive DNA sequences
at the ends of linear chromosomes. They are comprised of
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proteins and nucleotides of TTAGGG repeats. Although
telomeres account for a very small part of the total genomic
DNA in a cell, telomeres play a major role in the protection
of chromosomes [10]. They cap DNA and help to prevent
fusion and injury to the ends of chromosomes. Telomeres
gradually shorten with each cell division in the absence of
telomerase activity. Although time and number of cell divi-
sions are the best predictors of telomere shortening, many
diseases and lifestyle factors also account for differences in
telomere length and biological aging [11].

Research indicates that diabetics tend to have shorter
telomeres than their counterparts [12, 13], although some
research does not support this finding [14]. Similarly, insulin
resistance appears to be inversely related to telomere length
[15–17]. As insulin resistance increases, telomere length
tends to decrease, signifying increased cellular aging.

Obesity also accounts for shorter telomeres, suggesting
increased cellular aging, as shown in a meta-analysis by
Mundstock et al. [18]. Additionally, abdominal obesity is
related significantly with shorter telomeres [19, 20], perhaps
even more than elevated BMI levels. Moreover, obesity and
abdominal adiposity are closely tied to insulin resistance
and diabetes [21, 22]. Clearly, insulin resistance, obesity
and central adiposity, and biological aging are closely
intertwined.

The significant connection between insulin resistance,
obesity, abdominal obesity, and biological aging is thought
to be partly the result of systemic inflammation. Many stud-
ies have shown that as body-wide inflammation increases,
insulin resistance also increases [23]. Similarly, research
indicates that there are close ties between obesity and
abdominal obesity and systemic inflammation [24].

To date, research has not directly addressed the extent to
which the relationship between insulin resistance and bio-
logical aging (telomere length) is a result of differences in
body mass (BMI), waist circumference, or inflammation.
Hence, the present investigation was conducted. This study
was designed to determine the extent of the association
between insulin resistance and leukocyte telomere length in
a large, randomly selected sample of adults, representative
of the noninstitutionalized, civilian women and men in the
United States. Another objective of the study was to ascer-
tain the extent to which the relationship between insulin
resistance and telomere length was a result of differences in
body mass (BMI), abdominal adiposity (waist circumfer-
ence), or systemic inflammation.

2. Methods

2.1. Study Design. Data from the National Health and Nutri-
tion Examination Survey (NHANES) were used to answer
the research questions based on a cross-sectional design.
NHANES utilizes a sophisticated, multistage random sam-
pling technique to collect data on thousands of individuals
each year, representative of noninstitutionalized civilians liv-
ing in the United States. The raw data are published online
and are free [25]. Data from two consecutive 2-year cycles
(NHANES 1999–2000 and 2001–2002) were used in the
present investigation. These are the only years that the

NHANES collected data on telomere length (biological
aging), so data files collected during other years could not
be used in this study. The ethics review board of the National
Center for Health Statistics approved the NHANES measure-
ment procedures, data collection, and online posting of the
data files for public use [26].

2.2. Subjects. Participants in the present investigation were
20–84 years old. They represented all regions of the United
States and all racial and ethnic groups.

Fasting blood glucose and fasting blood insulin were
used to calculate insulin resistance. Therefore, participation
in this study required subjects to fast overnight. NHANES
did not require all participants to fast, only a 50% subsample
of randomly selected adults. Consequently, the total sample
for this investigation was 2,596 adults. Participants were
each assigned an individual sample weight, so the subsample
that fasted was representative of the U.S. adult noninstitu-
tionalized population.

2.3. Measures. Insulin resistance, indexed using the homeo-
static model assessment (HOMA-IR), was the exposure var-
iable in this study. The outcome variable was the length of
leukocyte telomeres, an index of cellular senescence. Age,
sex, and race were used as demographic covariates. Pack-
years of cigarette smoking, alcohol use, and total physical
activity were included as lifestyle covariates. Body mass
(BMI) and abdominal adiposity (waist circumference) were
the key covariates, employed to determine if the relationship
between insulin resistance and biological aging (telomere
length) was a result of differences in these potential mediat-
ing variables.

2.3.1. Homeostasis Model of Assessment (HOMA-IR). Insulin
resistance is frequently measured using the homeostasis
model assessment, commonly known as HOMA-IR. Over
350 research articles have “HOMA” or “HOMA-IR” in their
titles, and almost 19,000 scientific articles include “HOMA”
or “HOMA-IR” in their reports. HOMA is the most com-
mon measure of insulin resistance in the literature.

Development of type 2 diabetes can be accurately pre-
dicted using HOMA-IR, independent of body fat distribu-
tion, obesity, and glucose tolerance status [27]. Likewise,
HOMA-IR is a good predictor of future development of pre-
diabetes among those with normal glucose tolerance [28].

Fasting glucose and fasting insulin levels are used to cal-
culate HOMA-IR. The specific formula employed in the
present study was fasting insulin ðμU/mLÞ × fasting plasma
glucose ðmg/dLÞ/405. NHANES provides detailed laboratory
manuals explaining the procedures used to measure fasting
glucose and fasting insulin [29–32].

2.3.2. Leukocyte Telomere Length. Leukocyte telomere length
is a good gauge of cell senescence and biological aging
[9–11]. According to NHANES, “the telomere length assay
was performed in the laboratory of Dr. Elizabeth Blackburn
at the University of California, San Francisco, using the
quantitative polymerase chain reaction method to measure
the telomere length relative to standard reference DNA (T/
S ratio), as described in detail elsewhere [33]. Each sample
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was assayed 3 times on 3 different days. The samples were
assayed on duplicate wells, resulting in 6 data points. Sample
plates were assayed in groups of 3 plates, and no 2 plates were
grouped together more than once. Each assay plate contained
96 control wells with 8 control DNA samples. Assay runs
with 8 or more invalid control wells were excluded from
further analysis (<1% of runs). Control DNA values were
used to normalize between-run variability. Runs with more
than 4 control DNA values falling outside 2.5 standard devi-
ations from the mean for all assay runs were excluded from
further analysis (<6% of runs). For each sample, any poten-
tial outliers were identified and excluded from the calcula-
tions (<2% of samples). The mean and standard deviation
of the T/S ratio were then calculated normally. The interassay
coefficient of variation was 6.5%” [34]. The following formula
was used to convert average T/S ratios to base pairs: 3,274
+ 2,413 × ðT/SÞ.
2.3.3. Age. Individuals who were 85 years of age or older
were each recorded as 85 years of age by NHANES to max-
imize confidentiality. Consequently, adults who reported
they were 85 or more years old were not included in the
study. The minimum age to be a participant was 20 years
and the maximum was 84 years.

2.3.4. Race. NHANES categorized adults into 5 racial groups:
non-Hispanic White, non-Hispanic Black, Mexican Ameri-
can, other race (including multiracial), and other Hispanic.

2.3.5. Weight. Weight was measured using a digital scale.
Subjects wore a standard gown consisting of disposable slip-
pers, pants, and shirt. For participants weighing over 440
pounds, weight was measured using two portable scales.
The subject was weighed with one foot on each scale and
the two values were summed to estimate total body weight.

2.3.6. Height. A fixed stadiometer with an adjustable head-
board was utilized to measure standing height. Subjects were
asked to place the back of their head and their heels against
the stadiometer. Participants were requested to stand as tall
as possible, take a deep breath, and then hold their position
until the measurement was completed.

2.3.7. Body Mass Index. Body mass index (BMI) is frequently
used to index body weight or mass, independent of height.
BMI is calculated by taking weight in kilograms and dividing
by height in meters, squared (kg/m2). Standard classifica-
tions for BMI are as follows: underweight (<18.5), normal
weight (18.5–24.99), overweight (25.0–29.99), and obese
(≥30.0). BMI was employed as a covariate in this study.

2.3.8. Waist Circumference. Waist circumference is an
excellent index of abdominal obesity and central adiposity
[35]. Waist circumference was used as a key covariate in
the present investigation. According to NHANES, to mea-
sure waist circumference, the examiner located the lateral
border of the ilium. A horizontal line was drawn using a
cosmetic pencil just above the uppermost lateral border
of the right ilium. A vertical line was then drawn marking
the midaxillary line. A steel measuring tape was extended

around the waist at the level of the superior lateral border
of the iliac crests, with the examiner making sure that the
tape stayed horizontal and parallel to the floor. The measure-
ment was not to compress the skin, but the tape was to be
snug. The waist measurement was taken to the nearest
0.1 cm after the subject exhaled one normal breath [36].

2.3.9. Smoking. Cigarette smoking was used as a covariate.
Specifically, pack-years of smoking were used to estimate
the long-term use of cigarettes. Pack-years were calculated
by multiplying the number of packs of cigarettes smoked
per day by the number of years the person reported smok-
ing. A pack of cigarettes was defined as 20 cigarettes.

2.3.10. Alcohol Use. NHANES used three categories to
account for differences in alcohol consumption: abstainers,
moderate drinkers, and heavy drinkers. Abstainers were
adults who reported that they did not drink alcohol. Moder-
ate drinkers were men who reported that they drank >0 and
<3 drinks per day or women who indicated that they drank
>0 and <2 drinks per day. Heavy drinkers were men who
reported that they consumed 3 or more alcoholic drinks
per day or women who reported that they drank 2 or more
drinks per day. Alcohol use was employed as a covariate in
this study.

2.3.11. Total Physical Activity. MET minutes were used to
index total physical activity. A MET is a metabolic equiva-
lent, the amount of energy expended at rest. Casual walking
produces about three METs, triple the energy expenditure
compared to sitting. If a person engaged in casual walking
for 30 minutes, then, MET minutes would be 90 ð3METs
× 30minutesÞ. Participants were asked to report which, if
any, of a list of 48 physical activities they engaged in during
the past 30 days. Choices included activities such as tennis,
walking, gardening, hiking, swimming, bicycling, and 42
others. Subjects reported if the intensity of each activity that
they engaged in was moderate or vigorous using NHANES
definitions. Using the compendium of physical activity, a
MET value for each activity was assigned [37]. By summing
the MET minutes of each activity and converting the score
to a weekly value, a total physical activity score was calcu-
lated and used as a covariate.

2.3.12. Systemic Inflammation. Blood levels of C-reactive
protein (CRP) were measured to index systemic inflamma-
tion. CRP is considered one of the best measures of systemic
inflammation. Latex-enhanced nephelometry was utilized to
quantify CRP levels (mg/dL). According to NHANES [38],
particle-enhanced assays were based on the reaction between
a soluble analyte and the corresponding antigen or antibody
bound to polystyrene particles. For the quantification of
CRP, particles consisting of a polystyrene core and a hydro-
philic shell were used to link anti-CRP antibodies covalently.
A dilute solution of the test sample was mixed with latex
particles coated with mouse monoclonal anti-CRP anti-
bodies. CRP present in the test sample formed an antigen-
antibody complex with the latex particles. An automatic
blank subtraction was then performed. CRP concentrations
were calculated by using a calibration curve. Data reduction

3BioMed Research International



of the signals was performed by using a storable logit-log
function for the calibration curve. The assays were com-
pleted on a Behring nephelometer for quantitative CRP
determination, according to the laboratory methodology
described by the NHANES [38].

2.4. Data Analysis. NHANES participants were randomly
selected using a multilevel, probability, sampling strategy.
A total of 28 strata and 57 clusters were randomly selected.
Additionally, NHANES assigned each subject an individual
sample weight. Because the sample weights were used as part
of each analysis, unbiased national estimates resulted. In
short, the findings can be generalized to the noninstitution-
alized, civilian adult population in the United States. Because
of nesting, each analysis was based on 29 degrees of freedom
(df) in the denominator (57 clusters minus 28 strata). Statis-
tical significance was based on the 29df, not the 2,596 sub-
jects in the study.

Continuous variables were summarized using means
(±SE) and categorical variables were described using fre-
quencies (±SE). Regression analysis using the SAS SUR-
VEYREG procedure was employed to determine the extent
of the linear association between insulin resistance and telo-
mere length, each treated as a continuous variable. Regres-
sion coefficients were reported showing the extent to which
telomere lengths varied based on differences in HOMA-IR.
Partial correlation was used to adjust for differences in the
covariates, specifically, age, sex, race, smoking, alcohol use,
total physical activity, BMI, waist circumference, and CRP.
The SAS variance inflation factor (VIF) was used to deter-
mine the extent of multicollinearity in the regression models.

SAS version 9.4 (SAS Institute Inc., Cary, NC) was the
software run to conduct the statistical analyses. All P values
were two sided, and statistical significance was accepted
when alpha was less than 0.05.

3. Results

A total of 1,310 women and 1,286 men, representative of the
U.S. adult population, were included in the analyses. The
mean age (±SE) was 46.4 (±0.8) years. The average telomere
length in base pairs and HOMA-IR were 5812.5 (±50.6) and
3.3 (±0.07), respectively. The mean BMI and waist circum-
ference (cm) were 28.3 (±0.18) and 96.8 cm (±0.37), respec-
tively. The mean CRP was 0.43 (±0.03). Table 1 shows a
summary of the percentiles (±SE) for the continuous vari-
ables of the investigation.

Across the sample, chronological age was linearly associ-
ated with the length of leukocyte telomeres (r = 0:41, P <
0:0001). There was not a quadratic relationship between
age-squared and telomere lengths beyond the linear associa-
tion (F = 2:8, P = 0:1067). In the present study, telomeres
were 16.8 base pairs shorter for each year of chronological
age (F = 120:4, P < 0:0001).

Treating both insulin resistance (HOMA-IR) and telo-
mere length as continuous variables revealed a significant lin-
ear association between the exposure and outcome variables
with 29df, as displayed in Table 2. Controlling only for the
demographic covariates (age, sex, and race) resulted in a sig-

nificant relationship (F = 5:7, P = 0:0234). Likewise, after add-
ing the lifestyle covariates (pack-years of smoking, total
physical activity, and alcohol use) to the demographic covari-
ates, the association between HOMA-IR and telomere length
remained significant (F = 4:6, P = 0:0410). However, adjust-
ing for differences in BMI, along with the demographic and
lifestyle covariates, weakened the relationship and it was no
longer statistically significant ðF = 2:1, P = 0:1573Þ. Control-
ling for differences in waist circumference instead of BMI,
along with the demographic and lifestyle covariates, attenu-
ated the association more, and the connection between insulin
resistance and telomere length was further nullified (F = 1:5,
P = 0:2283). Multicollinearity was not a threat in any of these
models. In all cases, the variance inflation factor (VIF)
remained minimal (<1.5).

The relationship between BMI and CRP was significant
with age, sex, and race controlled ðF = 54:0, P < 0:0001Þ. For
each 10-unit increase in BMI, CRP increased by 0.3mg/dL.
Similarly, the association between waist circumference and
CRP was significant after controlling for the same covariates
(F = 56:7, P < 0:0001). For each 10cm increase in waist cir-
cumference, CRP increased by 0.1mg/dL. The difference
between CRP scores representing the 5th percentile of the
U.S. population to the 50th percentile was about 0.2mg/dL.
With age, sex, race, smoking, physical activity, and alcohol
use controlled, CRP was related significantly to telomere
length (F = 6:9, P = 0:0138). Specifically, for each 1mg/dL
increase in CRP, telomeres were 52 base pairs shorter. Adjust-
ing for differences in systemic inflammation (C-reactive pro-
tein), along with all the other covariates, except BMI or waist
circumference, weakened the relationship between HOMA-
IR and telomere length to the point of borderline significance
(F = 4:0, P = 0:0552).

4. Discussion

The present investigation had three primary objectives.
The first aim was to determine the relationship between
insulin resistance and biological aging in a large, randomly
selected sample of women and men representative of the
U.S. adult population. The second purpose was to ascertain
the extent to which the insulin resistance and telomere length
association was affected by body mass (BMI) and/or abdom-
inal adiposity (waist circumference). The third objective was
to evaluate the relationship between insulin resistance and
telomere length with systemic inflammation controlled,
along with age, sex, race, smoking, total physical activity,
and alcohol use.

Findings revealed that the association between insulin
resistance, measured by HOMA-IR, and biological aging,
indexed using leukocyte telomere length, was linear, signifi-
cant, and meaningful. The relationship remained linear, sig-
nificant, and meaningful after adjusting for differences in
age, sex, and race and also after controlling for total physical
activity, alcohol use, and smoking pack-years, in addition to
the demographic factors. However, the association was nul-
lified after controlling statistically for differences in BMI and
was weakened further after adjusting for differences in waist
circumference, instead of BMI. In short, the results indicated
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that body mass and waist circumference each individually
mediated the relationship between insulin resistance and
telomere length. Stated another way, if all U.S. adults had
the same BMI or if they all had the same waist size, there
would not be an association between insulin resistance and
biological aging.

Adjusting for differences in CRP with the other covari-
ates, except BMI or waist circumference, also weakened the
insulin resistance and telomere length relationship, but the
association remained borderline significant. Apparently,
the length of telomeres tends to be shorter as insulin resis-
tance increases, mostly because adults who are insulin resis-
tant tend to be more overweight or obese or they tend to
have more abdominal adiposity than their counterparts. Sys-
temic inflammation seems to also play a role, but the role of
inflammation appears less important than the role of BMI
and abdominal adiposity.

In the present study, after adjusting for differences in the
demographic and lifestyle covariates, telomere length was
10.7 base pairs shorter for each one-unit increase in
HOMA-IR. Additionally, multiple regression analysis
showed that a difference of 16.8 base pairs was equal to one
year of chronological aging. Hence, the difference between
adults 40 years old and those aged 70 would be roughly 504
telomere base pairs, on average, or 30 years of aging
(30 × 16:8 = 504).

In the present study, the 25th percentile for HOMA-IR
was 1:5 ± 0:0 and the 75th percentile was 3:8 ± 0:1 (see
Table 1), a difference of 2.3 HOMA-IR units. Therefore, the
estimated cellular aging difference between adults at the 25th
percentile and those at the 75th percentile was approximately
24.6 telomere base pairs ð2:3 × 10:7 = 24:6Þ. Hence, the
biologic aging difference between adults at the HOMA-IR
25th and 75th percentiles was approximately 2.3 years
(24:6 ÷ 10:7 = 2:3).

Other studies have calculated the biological aging differ-
ence between groups based on various lifestyle factors. For
example, U.S. adults reporting 25 smoking pack-years have
about 4.6 years of advanced cellular aging compared to non-
smokers [39]. Similarly, for each serving of sugar-sweetened
soda consumed per day, telomeres tend to be 1.8 years
shorter, on average [40]. Finally, adults who eat nuts and
seeds regularly tend to have telomeres that are longer by
1.7 years, on average, compared to their counterparts [41].

A number of studies have shown that insulin resistance
and telomere length are related significantly. However, few
if any investigations, to date, have shown that the relation-
ship between insulin resistance and telomere length is medi-
ated by body mass and central adiposity. For example, in a
study by Adaikalakoteswari et al. [17], 40 type II diabetics
were compared to 40 age- and sex-matched controls. Results
showed that insulin resistance (HOMA-IR) was related sig-
nificantly to terminal restriction fragment (r = −0:4, P =
0:01), a measure of average telomere length. Differences in
abdominal adiposity and/or BMI were not controlled,
however.

Demissie et al. [16] studied insulin resistance and leu-
kocyte telomere length in 327 Caucasian men from the

Table 1: Percentiles for the key continuous variables representing U.S. women and men.

Variable
Percentile (±SE)

5th 25th 50th 75th 95th

HOMA-IR 1:0 ± 0:0 1:5 ± 0:0 2:4 ± 0:0 3:8 ± 0:1 8:5 ± 0:4

Smoking (pack-years) 0:0 ± 0:2 0:0 ± 0:2 0:0 ± 0:2 0:0 ± 0:2 22:4 ± 2:6

Age (years) 21:7 ± 0:4 33:3 ± 1:0 44:2 ± 1:1 57:7 ± 1:2 75:1 ± 1:2

Body mass index (kg/m2) 20:1 ± 0:1 24:0 ± 0:2 27:2 ± 0:1 31:3 ± 0:3 40:3 ± 0:8

Total activity (MET minutes) 0:0 ± 4 0:0 ± 4 0:0 ± 4 138:8 ± 17 508:0 ± 33

Waist circumference (cm) 73:5 ± 0:5 85:7 ± 0:6 95:7 ± 0:4 105:9 ± 0:4 124:7 ± 1:7

C-reactive protein (mg/dL) 0:02 ± 0:00 0:09 ± 0:00 0:21 ± 0:01 0:46 ± 0:02 1:58 ± 0:10

Telomere length (base pairs) 4,921 ± 36 5,365 ± 46 5,717 ± 43 6,140 ± 51 7,022 ± 124

SE: standard error. Table values include person-level weighted adjustments based on the sampling methods of NHANES so that values represent those of the
U.S. adult population.

Table 2: Relationship between HOMA-IR and telomere length
(base pairs) in U.S. women and men, after adjusting for the
covariates.

Exposure variable
Telomere length (base pairs)

Regression coefficient SE F P

HOMA-IR

Model 1 −10.4 4.4 5.7 0.0234

Model 2 −10.7 5.0 4.6 0.0410

Model 3 −6.6 4.6 2.1 0.1573

Model 4 −6.6 5.4 1.5 0.2283

Model 5 −9.3 4.7 4.0 0.0552

SE: standard error of the regression coefficient. For model 1, the covariates
were age, sex, and race. For model 2, in addition to age, sex, and race, the
model was adjusted for differences in pack-years of smoking, alcohol use,
and total physical activity. Model 3 included the same covariates as model
2 but also included BMI. Model 4 included the same covariates as model
2 but also included waist circumference. Model 5 included the same
covariates as model 2 but also included CRP. Interpretation of the
regression coefficients is as follows for the first row (model 1) regarding
HOMA-IR and telomere length with age, sex, and race controlled
statistically: for each one-unit increase in HOMA-IR, telomeres were 10.4
base pairs shorter, on average, signifying increased biological aging.
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Framingham Heart Study. Terminal restriction fragment
(TRF) length was employed to index telomere length. TRF
was correlated weakly with HOMA-IR (r = −0:16, P =
0:007), but the mediating role of waist size and/or BMI
was not evaluated. Similarly, cross-sectional research by
Al-Attas et al. [42] using 193 adults indicated that HOMA-
IR and LTL were associated significantly (r = −0:29, P <
0:01) but neither BMI nor waist size was controlled. Further-
more, chronological age was not related to telomere length
(r = 0:00, P > 0:5), even though age range of the sample was
18–66 years.

In an investigation by Strazhesko et al. [15], the relation-
ship between HOMA-IR and telomere length was studied in
274 subjects with a wide age range, 23–91 years. Specific
correlation coefficients were not given, but the HOMA and
telomere association was deemed significant (P < 0:0001).
As with the other investigations, the mediating effects of
abdominal adiposity and BMI on the insulin resistance and
telomere length relationship were not reported.

Finally, Wang et al. [43] conducted a meta-analysis using
17 studies that investigated the association between diabetes
and telomere length. Although there were major differences
between the present study, which focused on insulin resis-
tance in nondiabetics, and the meta-analysis, which focused
on diabetics, general parameters were similar. Findings
showed that diabetics had shorter telomeres than nondia-
betics, although a publication bias was noted. Although
BMI was not controlled statistically, studies were separated
based on categories of BMI, allowing effect modification to
be evaluated. Results indicated that the relationship between
diabetes status and telomere length was weaker in the obese
compared to the other BMI categories, suggesting that obe-
sity plays a role in the association.

There are several interrelated mechanisms that could
account for the outcomes of this investigation. Research
indicates that obesity, insulin resistance, oxidative stress,
inflammation, and cell aging are interconnected [43, 44].
In the present study, BMI and abdominal obesity were both
strongly related to systemic inflammation (CRP) and CRP
was strongly related to biological aging. Without differences
in obesity and/or abdominal obesity and to a lesser extent
systemic inflammation, the connection between insulin
resistance and biological aging appears to be minimal.

Immune system responses to bodily insults result in
inflammation [45]. In many ways, obesity acts as an insult
to the body [23]. The literature is filled with research showing
that obesity and abdominal adiposity promote increased
levels of inflammation [24]. Similarly, there is a plethora of
studies connecting insulin resistance with obesity and
inflammation [23, 46]. The literature also shows that reactive
oxygen species (ROS) contribute significantly to the inflam-
matory processes [47]. In short, chronic inflammation and
oxidative stress are strongly interconnected. Therefore, it
follows that oxidative stress also plays an important part in
biological aging [48].

Evidence suggests that oxidative stress leads to shortened
telomeres [49]. Research by von Zglinicki [50] and others
reviewed by Houben et al. [48] using a variety of animal
species support this relationship. Since adults with obesity

are inclined to have increased oxidative stress and chronic
inflammation [51, 52], it follows that these individuals
would also tend to have shorter telomeres [49, 50].

Obesity leads to inflammatory cytokine activation with
increased markers of fatty acid-induced oxidative and endo-
plasmic reticulum stress in a variety of tissues [43, 53]. Obe-
sity also causes insulin resistance and beta-cell apoptosis
[54]. Insulin resistance typically precedes the onset of type
II diabetes. Moreover, oxidative stress appears to be a mean-
ingful predictor of the development of insulin resistance
later in life [55]. Finally, because telomeres have high levels
of guanine, one of the four bases of nucleic acids, and gua-
nine is especially vulnerable to oxidative stress, telomeres
tend to be damaged by obesity, insulin resistance, and diabe-
tes [56]. Other factors, such as oxidative stress associated
with mitochondrial injury and nuclear somatic mutations,
also contribute to biological aging [57].

More than 90% of type 2 diabetics are overweight or
obese [58]. Clearly, obesity plays a key role in the oxidative
stress, beta-cell injury, insulin resistance, diabetes, and telo-
mere attrition cascade. Given that the results of the present
study show that the association between insulin resistance
and telomere length collapses when adjustments are made
for differences in body mass or abdominal adiposity, it
appears that they are the likely drivers of the relationship.

The present investigation was not without limitations.
First, because the study was based on a cross-sectional
design, cause-and-effect conclusions are not warranted. Sec-
ond, adults with insulin resistance may be an exclusive
group of individuals with unique lifestyles and characteris-
tics. In the present study, many covariates were controlled
statistically to minimize this threat but there are always
unidentified variables that could account for the association
between insulin resistance and biological aging and the
mediating influence of obesity.

This investigation also had several strengths. First, sub-
jects were randomly selected from all noninstitutionalized,
civilian adults in the U.S. 20–84 years of age. Hence, the
findings can be generalized broadly. Second, high-quality,
objective measurement methods were employed to assess
the outcome and exposure variables. Third, all the variables
were measured by well-trained, independent scientists, unre-
lated to the present study, so there were no experimenter
biases affecting data collection. Fourth, a large sample was
studied, approximately 2,600 participants, so outcomes were
stable. Fifth, the relationship between age and telomere
length was linear and significant, as it should be, adding cre-
dence to the telomere measurement process.

5. Conclusion

In conclusion, as insulin resistance increases in U.S. adults,
cellular aging increases linearly. However, after controlling
for BMI and/or waist circumference, there is no relationship
between insulin resistance and telomere length. Evidently, if
adults in the U.S. all had the same level of body mass or
waist size, there would not be a relationship between insulin
resistance and biological aging. It appears that the associa-
tion between insulin resistance and cellular aging is partly

6 BioMed Research International



a function of differences in body mass, especially abdominal
adiposity.
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All data used in the present study are available online as part
of the National Health and Nutrition Examination Survey
(NHANES). The data are free and can be accessed by using
the following Centers for Disease Control and Prevention
website: https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
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