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Abstract
Introduction: Leucocyte telomerase length (LTL) are inked to accelerate aging and premature mortality. In
this research, we aimed to explore the relations between biochemical and anthropometry markers and
LTL in Asian Indian women with prediabetes.

Methods: In this study, 797 prediabetic women (aged 20-60 years, obese, 492; non obese, 305) were
recruited. Demographic and clinical pro�les, medical history, skin exposure and duration of sunlight
exposure were determined. Anthropometry, fasting blood glucose and serum 25-hydroxyvitamin D
[25(OH) D] were evaluated. LTL was quanti�ed by a quantitative polymerase chain reaction (qPCR). The
study subjects were separated into quartiles groups according to the LTL.

Results: The average telomerase length (T/S) ratio was signi�cantly decreased with increasing age. The
average telomerase length (T/S) ratio was signi�cantly shorter in obese women with prediabetes
(p<0.05). Univariate and multivariable linear regression analysis after adjustment for age, family income,
education and hypertension showed that LTL was inversely correlated with body mass index (BMI), waist
and  hip circumference, waist-hip and  waist-to-height ratio, and truncal skinfolds (subscapular, lateral
thoracic, and subscapular/triceps ratio, central and total). Multivariable linear regression analysis
identi�ed BMI (93%, p<0.0001), central (92%, p<0.0001) and total skinfolds (90%, p<0.0001) as
independent predictors of LTL.

Conclusions: Besides age, obesity, and subcutaneous adiposity (predominantly truncal) are major
contributors to telomerase shortening in Asian Indian women with prediabetes.

Introduction
Prediabetes and type 2 diabetes mellitus (T2DM) are increasing in developing countries (1). South Asians
develop diabetes a decade before and at a lower body mass index (BMI) than White population, have
prominent abdominal obesity, and accelerated conversion from prediabetes to diabetes (2). Importantly,
India has one of the maximum number of people with pre-diabetes and diabetes(3).

Diabetes can have serious health implications that affect life expectancy. The United Kingdom diabetes
study stated a 5 years decrease of life expectancy for men aged 45 to 50 years at the time of diagnosis
of diabetes when compared to the common population (4). Data from the Emerging Risk Factor
Collaboration likewise presented that life years lost were signi�cantly larger when diabetes is present at
earlier ages (5). A Scotland-wide study from German administrative claims data (n, 2,900,065) showed
that T2DM is interrelated to lower life expectancy regardless of an individual's socioeconomic status. (6).
There are no published data regarding prediabetes and shorting of lifespan in Asian Indians.

Telomerase is an important enzyme that maintains leukocyte telomerase length (LTL) and cellular
replicate potential. LTL naturally shortens with each cell phase, and cells with critically short telomerase
undergo replicative senescence and apoptosis which promote organismal aging and age-related
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diseases. LTL shortening is accelerated by oxidative stress, in�ammation, and cell production (7). The
level of leukocyte telomerase activity is important in determining LTL in aging cells and tissues (8). Given
that telomerase, the enzyme responsible for maintaining telomerase lengths, is not expressed at levels
su�cient to prevent telomerase shortening in most of our cells, it progressively erodes with advancing
age (9). Short LTL in peripheral-blood mononuclear cells (PBMCs) is linked with ageing and its related
diseases, such as obesity, T2DM and cardiovascular disease (10). Some lifestyle interventions, including
Ornish and the Mediterranean diets, have demonstrated decreased leukocyte telomerase activity (11)

There is paucity of data regarding LTL activity and telomerase length in individuals with prediabetes. It is
important to note that effects of pistachio intake on LTL has been shown only one previous study, in
which limited number of Spanish subjects (n, 49) having prediabetes were recruited (12). Association
between LTL, prediabetes and obesity in Asian Indians has not been researched. To better highlight this
knowledge gap, we proposed to investigate the relationship of LTL in prediabetes with obesity in
community dwelling Asian Indian women residing in North India in New Delhi.

Methods
Subject Recruitment: We directed a cross-sectional population-based study from July 2015 to March
2020. The study was sanctioned by the institutional ethics committee. Study subjects were randomly
designated to have approximate representation from each income group (higher ~ 10%, middle ~ 65–
70%, and lower ~ 15–20%) from forty-one residential sites in Delhi. Subjects with pregnancy, severe end
organ damage or chronic diseases, malignancy, and known T2DM and other endocrine illnesses were
excluded from the study. After informed consent, 797 females, 20–60 years of age, were enrolled in this
study. The institutional and licensing committee approved all experiments and it is also con�rmed that all
experiments were performed in accordance with relevant guidelines and regulations.

Demographic and Clinical Pro�les: Demographic and clinical pro�les, medical history (personal and
family), socioeconomic features, skin exposure and time of sunlight exposure were recorded with the use
of pre-validated questionnaire. Skin exposure was measured as percentage of body surface area
(face/hands, face/hands and arms, and face/hands and legs) exposed to sunlight. The interval of sun
exposure (minutes/day) was evaluated in the following mode; < 5 minutes, 5–15 minutes, 15–30 minutes
and > 30 minutes. Blood pressure was documented by a standard mercury sphygmomanometer, over the
right arm in sitting situation.

Anthropometric Measurements: BMI, circumferences [waist circumference (WC) and hip circumference
(HC)] and skinfold thickness at 6 sites (biceps, triceps, anterior axillary, suprailiac, subscapular and lateral
thoracic) was recorded (13). Waist-hip ratio (WHR) and waist-height ratio (WhtR) was calculated. Sum of
all skinfolds (Σ6SF, total skinfolds), ratios of subscapular and triceps skinfolds (SS/TR ratio), central
skinfolds (sum of subscapular and suprailiac) and peripheral skinfolds (sum of biceps and triceps) were
also calculated.
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Biochemical Analysis: Venous blood sample was collected into vacutainer tubes containing plain and
EDTA vials. The fasting blood sample was processed into different aliquots (including whole blood and
blood clot) within 2hours into 1.0mL FluidX tubes (FluidX, Cheshire, UK) and frozen at − 80°C freezer
(Thermo Fisher Scienti�c, Waltham, MA, USA).

Fasting blood glucose (FBG) and serum 25-hydroxy vitamin D [25(OH) D] levels were analysed as
previously described (13). The intra-assay coe�cient of variation of 25 (OH) D was 1.81% and the
coe�cient of inter-assay was 2.34%.

DNA Isolation and Quanti�cation: DNA was separated from peripheral blood mononuclear cells using the
QIAamp DNA extraction kit (Qiagen, Hilden, Germany) and stored at -20oC for the future experiments (14).
After DNA isolation, the DNA samples were quanti�ed and diluted to 50 ng/µL. The concentration and
quality of DNA were both measured by using a nanodrop (Nanodrop Technologies, Wilmington, NC, USA)
and samples included for analysis all had an optical density ratio A 260/A280 > 1.8.

Measurement of Leukocyte Telomerase Length: LTL was analysed with a quantitative polymerase chain
reaction (qPCR) based technique that compares telomerase repeat sequence copy number (T) to a
reference single copy-gene copy number (S) as previously described (15, 16). The telomerase length for
each sample was estimated using the telomerase to single copy gene ratio (T/S ratio) with the
calculation of ∆Ct [Ct (telomere)/Ct(single gene)]. T/S ratio for each sample (x) was normalized to the mean
T/S ratio of the reference sample [2−(∆Ctx−∆Ctr) = 2−∆∆Ct], which was used for the standard curve, both as
a reference sample and as a validation sample. The Measurement consists of determining the relative
ratio (T/S ratio) of ng of telomerase (T) to ng of albumin (single-copy gene, S) in experimental samples
using a standard curve. The T/S ratio is proportional to the average telomerase length. All qPCR assay
was performed using �ltered pipette tips to prevent ampli�cation of contaminants. Reactions were set up
on ice to prevent DNA polymerase activity, non-speci�c ampli�cation and to minimize potential primer-
dimerization. All analyses were done blinded to cross sectional status of the individual.

The coe�cient of variations (CVs) of the inter-plate T/S were 11.6%, and 12.2% for the long and short
telomerase QC samples, respectively. Inter- and intra-plate CVs of calibrator DNA samples were 10.2%,
and 8.3%, respectively. Mean ratio of long to short telomerase QC samples in our assays was 3.9 with
4.5% CV. All samples in our study were assayed in triplicate, and the results were consistent. Less than
12% of samples had a T/S CV more than 10%.

De�nitions
Overweight and obesity were de�ned as BMI 23-24.9 kg/m2 and > 25 kg/m2, respectively (17). Abnormal
blood pressure was ≥ 130/85 mmHg. Prediabetes was de�ned as FBG levels ≥ 100 and 125.9 mg/dl.
Serum 25(OH) D status was de�ned as de�cient (< 10 ng/ml], insu�cient [10.1–30 ng/ml) or su�cient
[30.1–100 ng/ml) (18). LTL were categorised in quartiles, 0–25th percentile (1st quartile; LTL ratio < 0.83),
26th − 50th percentile (2nd quartile, LTL ratio 0.84–0.87), 51st − 75th percentile (3rd quartile, LTL ratio
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0.88–0.93), and 76th − 100th percentile (4th quartile, LTL ratio 0.94–0.98). Because several values of LTL
were gathered around cut-off values of quintiles, slightly changed numbers of subjects were separated in
each quintile.

Statistical Analysis
Complete data were entered in an Excel worksheet (Microsoft Corp, Washington, USA). The distribution of
demographic, clinical pro�les, socioeconomic, medical history (personal and family), behavioral
characteristics, sun and skin exposure and biochemical pro�les were con�rmed for estimated regularity.
Mean and standard deviation and number (%) was used to summarize the variables. Relationships
between LTL and various indices of body composition were identi�ed by Pearson correlation analyses.
Associations with LTL were estimated using partial correlations that adjusted by age. Association of
categorical variables were assessed by chi-square/Fisher exact test. The continuous variables were
compared between obesity by independent t-test/Wilcoxon rank sum test, as appropriate. The
comparisons of clinical, biochemical, anthropometry and body composition pro�les among different LTL
quartiles were performed by mean of ANOVA and Kruskal-Wallis test, as appropriate, and further trend
was seen by non-parametric trend test. Univariate and multivariable linear regression analysis was used
to �nd independent effect of LTL obesity marker after adjusting confounder. Complete data was analysed
using Stata − 14 (LLC 4905 Lakeway Drive College Station, Texas 77845 − 4512. USA). For all above, p
value of < 0.05 was considered as statistically signi�cant.

Results
Clinical and Biochemical Pro�les (Table 1 and 2)

Educational status, employment status, family income, personal history of hypertension, family history of
heart disease, skin exposure (face and hands) to sun were signi�cantly higher in obese subjects with
prediabetes as compared to those with non-obese with prediabetes.
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Table 1
Socio-economic pro�le, behavioral characteristics and skin and sun exposure

Variables Total

(n, 797)

Obese

(n, 492)

Non obese

(n, 305)

P
value

Religion Hindu 794
(99.62)

491
(61.84)

303
(38.16)

0.23

Others 03 (0.37) 01 (33.3) 02 (66.7)

Marital status Married 492
(61.63)

226
(45.93)

266
(54.07)

0.35

Unmarried 305
(38.37)

225
(73.78)

80 (26.22)

Education Never attended
school

147
(18.44)

56 (38.10) 91 (61.90) 0.04

Grade 1st to 8th 164
(20.58)

59 (35.98) 105
(64.02)

Grades 9th to 10th 110
(13.80)

34 (30.91) 76 (69.09)

Higher secondary 106
(13.30)

38 (35.85) 68 (64.15)

College/diploma 23 (2.89) 4 (17.39) 19 (82.61)

Graduate 157
(18.70)

65 (41.40) 92 (58.60)

Post graduate 90 (11.29) 49 (53.41
)

41 (46.59)

Employment status Employed 454
(56.96)

293
(64.54)

161
(35.46)

0.05

Housewife 343
(43.03)

198
(57.23)

145
(42.77)

Family income Less than Rs 10000 286
(35.88)

199
(69.58)

87 (30.42) 0.04

Rs 10001- Rs 30000 333
(41.78)

200
(60.06)

154
(39.94)

More than Rs 30000 178
(22.34)

99 (55.61) 79 (44.39)

Tobacco consumption 04 2 (0.4741) 2 (0.66) 0.63

Alcohol consumption 02 2 (0.41) 0 0.52

Values are given as the number, %. P value is < 0.05 is statistically signi�cant
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Variables Total

(n, 797)

Obese

(n, 492)

Non obese

(n, 305)

P
value

Personal medical
history

Hypertension 92 (11.54) 70
(714.23)

22 (7.21) 0.003

Thyroid 81 (10.16) 55 (11.18) 26 (8.52) 0.27

Tuberculosis/ asthma 8 (1) 4 (0.81) 4 (1.31) 0.49

  Skeletal bone disorder 16 (2.01) 13 (2.64) 3 (0.98) 0.08

Family medical history Obesity 10 (1.21) 8 (1.63) 2 (0.66) 0.19

Diabetes 148
(18.57)

91 (18.50) 57 (18.69) 0.51

Hypertension 90 (11.29) 56 (11.38) 34 (11.15) 0.50

Coronary heart
disease

37 (4.64) 29 (5.89) 8 (2.62) 0.02

Skin exposure Face/hands 511
(64.12)

316
(61.84)

195
(38.16)

0.002

Face/hands/arms/leg 286
(35.88)

176
(61.54)

110
(38.46)

Duration of Sun
exposure

< 5 minutes 102
(12.79)

52(50.98) 50 (49.02) 0.03

5–15 minutes 495
(62.12)

213
(43.03)

282
(56.97)

15–30 minutes 200
(25.09)

91 (45.50) 191
(54.50)

Values are given as the number, %. P value is < 0.05 is statistically signi�cant
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Table 2
Demographic, clinical, body composition and biochemical pro�les.

Variables Total

Mean ± SD

n, 797

Obese

Mean ± SD

n, 492

Non obese

Mean ± SD

n, 305

P value

Numbers (%) 797 (100) 492 (61.73) 305 (38.27)  

Age (Years) 42.02 ± 11.38 43.73 ± 10.29 39.26 ± 12.48 < 
0.0001

Blood pressure (mmHg)

Systolic 122.68 ± 
12.76

124.95 ± 
11.75

119.02 ± 
13.49

< 
0.0001

Diastolic 80.55 ± 7.92 82.28 ± 7.40 77.77 ± 7.94 < 
0.0001

Body composition

Weight (Kg) 61.86 ± 11.96 68.47 ± 9.0 51.20 ± 7.71 < 
0.0001

Height (cm) 153.49 ± 5.90 152.90 ± 5.87 154.36 ± 5.86 0.001

Body mass index (Kg/m2) 26.36 ± 3.83 29.41 ± 3.83 21.42 ± 2.72 < 
0.0001

Circumferences (cm) and ratios

Waist 89.18 ± 7.53 93.82 ± 4.42 81.69 ± 5.06 < 
0.0001

Hip 96.34 ± 7.93 100.99 ± 4.30 88.80 ± 6.62 < 
0.0001

Ratio

Waist-hip 0.92 ± 0.02 0.93 ± 0.008 0.92 ± 0.02 < 
0.0001

Waist-height 0.58 ± 0.05 0.61 ± 0.03 0.53 ± 0.38 < 
0.0001

Skinfolds and (mm) ratios

Biceps 27.09 ± 6.23 30.43 ± 5.04 25.71 ± 3.67 < 
0.0001

Triceps 28.63 ± 5.88 31.85 ± 5.06 23.44 ± 2.35 < 
0.0001

Values are given as the mean ± standard deviation. T/S ratio, telomere to single copy gene ratio. P
value is < 0.05 is statistically signi�cant
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Variables Total

Mean ± SD

n, 797

Obese

Mean ± SD

n, 492

Non obese

Mean ± SD

n, 305

P value

Anterior axillary 12.1 ± 3.7 14.0 ± 4.0 10.2 ± 3.4 0.04

Subscapular 35.05 ± 9.88 40.07 ± 9.58 26.95 ± 0.89 < 
0.0001

Lateral thoracic 36.41 ± 11.3 42.96 ± 9.61 25.85 ± 2.73 < 
0.0001

Suprailliac 37.68 ± 11.55 44.25 ± 9.95 27.07 ± 2.53 < 
0.0001

Subscapular/triceps ratio 1.21 ± 0.11 1.24 ± 0.12 1.15 ± 0.09 < 
0.0001

Central 72.73 ± 21.35 84.32 ± 19.51 54.02 ± 3.33 < 
0.0001

Peripheral 56.26 ± 11.99 56.40 ± 11.99 56.05 ± 12.09 0.69

Total (Σ6SF) 176.96 ± 
48.58

203.56 ± 
43.24

139.22 ± 
15.57

< 
0.0001

Biochemical Investigations and Leukocyte Telomerase Length

Fasting blood glucose (mg/dL) 100.1 ± 7.54 111.62 ± 7.40 101.3 ± 7.76 0.05

Vitamin D (ng/mL) 32.12 ± 1
1.79

28.33 ± 12.2 35.94 ± 11.19 0.04

Leukocyte telomerase length (T/S
ratio)

0.95 ± 0.09 0.85 ± 0.02 0.94 ± 0.01 < 
0.0001

Values are given as the mean ± standard deviation. T/S ratio, telomere to single copy gene ratio. P
value is < 0.05 is statistically signi�cant

 

The mean ± standard deviation for age was 42.02 ± 11.4 years. Mean age, systolic and diastolic blood
pressure, weight, BMI, circumferences and ratios thereof (WC, HC, W-HR, W-htR), skinfold thickness and
ratios thereof (biceps, triceps, subscapular, suprailiac, Σ6SF, subscapular/triceps ratio, central and
peripheral) and FBG levels were signi�cantly increased in obese subjects with prediabetes as compared
to those with non-obese with prediabetes. Serum 25(OH) D levels were signi�cantly increased in non-
obese subjects with prediabetes as compared to those with obese subjects with prediabetes.

Total Leukocyte Telomerase Length (Table 4, Figs. 1 and 2)

LTL was signi�cantly decreased in older subjects as compared to younger subjects (Fig. 1). Mean values
of LTL were signi�cantly incerased in obese subjects with prediabetes as compared to those with non-
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obese with prediabetes (Fig. 2). After stratifying the sample according to LTL quartiles, we observed age,
systolic and diastolic blood pressure, weight, BMI, circumferences and their ratios [WC, HC, W-HR, W-htR),
skinfolds [biceps, triceps, subscapular, suprailiac, Σ6SF, subscapular/triceps ratio and central) and FBG
levels were signi�cantly increased in Ist quartile as compared to other quartiles. Further, serum 25(OH) D
levels were signi�cantly higher in IVth quartile as compared to other quartiles.
Partial Correlations (�gures 3 &4)

We observed a signi�cant partial correlation of LTL with subscapular/triceps ratio [(r = − 0.4371, p = 
0.00001), central skinfolds (r = − 0.8375, p = 0.0001), Σ6SF (r = − 0.8560, p = 0.00001), FBG [(r = − 0.1234,
p = 0.00001), serum 25(OH) D levels (r = − 0.078, p = 0.024), BMI (r = − 0.8783, p = 0.00001) and W-htR (r = 
− 0.1672, p = 0.0001), adjusted by age.

Univariate and Multivariable Linear Regression Analyses to Identify Factors Associated with LTL (Table 3)

The univariate and multivariable regression analysis showed that LTL was inversely correlated with BMI,
WC, HC, W-HR, W-htR, subscapular, lateral thoracic, Σ6SF, subscapular/triceps ratio, and central skinfolds.
Further, R-squared (R2) statistic for multivariable linear model after adjusted for age, family income,
education and hypertension LTL was signi�cantly related to BMI (R2 = 0.91), WC (R2 = 0.83), HC (R2 = 
0.78), W-HR (R2 = 0.80), W-htR (R2 = 0.72), subscapular (R2 = 0.66), lateral thoracic (R2 = 0.80), central (R2 
= 0.73), and Σ6SF, (R2 = 0.75).
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Table 3
Univariate and multivariable linear regression analyses to identify independent effect of leucocyte

telomere length on obesity measures
Parameters Un-adjusted regression

coe�cient (95%CI)
P
value

Adjusted

regression coe�cient
(95%CI)

P
value

R2

BMI
(Kg/m2)

-109.7 (-109.4, 0.98.1) < 
0.0001

-108.4 (-106.2, -98.5) < 
0.0001

0.91

WC (cm) -135.4 (-139.7, -131.0) < 
0.0001

-134.17(-138.69,
-129.6)

< 
0.0001

0.83

HC (cm) -138.9 (-144.0, -133.7) < 
0.0001

-137.12 (-142.4,
-131.8)

< 
0.0001

0.78

W-HR -0.05 (-0.07, -0.03) < 
0.0001

-0.05 (-0.08-0.03) < 
0.0001

0.80

W-htR -0.94 (-0.98, -0.90) < 
0.0001

-0.93 (-0.97, -0.88) < 
0.0001

0.72

Skinfolds (mm) and ratios

Biceps -0.89 (-0.75, -0.98) 0.81 -1.80 (-1.76, -1.98) 0.70 0.001

Triceps -0.80 (-0.76, -0.92) 0.94 -1.89 (-1.68, -1.76) 0.81 0.005

Anterior
axillary

-112.4 (-91.5, -121.3) < 
0.0001

-115.3 (-98.3, -120.1) < 
0.0001

0.42

Subscapular -157.4 (-165.5, -149.3) < 
0.0001

-156.4 (-164.7, -148.1) < 
0.0001

0.66

Lateral
thoracic

-200.1 (-207.2, -193.0) < 
0.0001

-198.8 (-206.1, -191.5) < 
0.0001

0.80

Suprailiac -200.7(-208.3, -193.1) < 
0.0001

-199.4 (-207.2, -191.6) < 
0.0001

0.78

Subscapular

/triceps
ratio

-1.05 (-1.20, -0.90) < 
0.0001

-1.07 (-1.22, -0.92) < 
0.0001

0.22

Central -358.1 (-373.8, -342.5) < 
0.0001

-355.9 (-372.0, -339.8) < 
0.0001

0.73

Peripheral -0.85 (-17.7, 16.0) 0.92 -1.89 (-19.6, 15.84) 0.83 0.001

Total (Σ6SF) -760.6 (-791.3, -730.0) < 
0.0001

-755.07(-786.7,
-723.43)

< 
0.0001

0.75

Adjusted for age, family income, education, and hypertension. BMI, body mass index; WC, waist
circumference; HC, hip circumference; W-HR, waist-hip ratio; W-htR, waist-height ratio. P value is < 0.05
is statistically signi�cant.



Page 12/27

 

Relationship between Obesity Measures and LTL According to LTL Quartiles (Table 5, Fig. 5)

The association of measures of obesity and LTL revealed a signi�cant negative correlation by
multivariable linear regression analyses adjusted for age, family income, education, and hypertension,
using the quartile 1 as reference. Multivariable linear regression analysis identi�ed BMI (r2 = 0.93, p < 
0.0001), central skinfolds (R2 = 0.92, p < 0.0001) and Σ6SF, (R2 = 0.90, p < 0.0001) are independent
predictors of LTL.
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Table 4
Demographic and clinical pro�les, body composition and biochemical investigations of the subjects

according to quartile of leukocyte telomeres length.
Variables Quartile I

(LTL ratio < 
0.83)

Quartile 2

(LTL ratio < 
0.87)

Quartile 3

(LTL ratio < 
0.93)

Quartile 4

(LTL ratio < 
0.98)

Between
groups

p-value

Trend p-
value

Numbers
(%)

218 (27.35) 211 (26.47) 182 (22.84) 186 (23.34) < 0.0001 < 0.0001

Age (Years) 45.71 ± 
9.52

43.78 ± 
10.36

40.32 ± 
9.76

37.37 ± 
13.85

< 0.00001 < 
0.00001

Blood pressure (mmHg)      

Systolic 127.20 ± 
11.87

124.11 ± 
11.49

120.21 ± 
13.23

117.96 ± 
12.61

< 0.0001 < 0.0001

Diastolic 84.20 ± 
7.55

81.56 ± 
6.80

78.90 ± 
7.33

76.66 ± 
7.91

< 0.0001 < 0.0001

Body composition      

Weight (Kg) 74.52 ± 
9.09

64.46 ± 
5.07

58.44 ± 
4.68

47.43 ± 
7.15

< 0.0001 < 0.0001

Height (cm) 152.21 ± 
5.90

153.0 ± 
5.39

154.70 ± 
5.92

154.31 ± 
6.14

< 0.0001 < 0.0001

BMI (Kg/m2) 32.44 ± 
3.89

27.50 ± 
0.83

24.40 ± 
0.86

19.84 ± 
2.36

< 0.0001 < 0.0001

Circumferences (cm) and
ratios

     

Waist 97.69 ± 
4.12

90.98 ± 
0.52

88.29 ± 
2.08

78.05 ± 
2.28

< 0.00001 < 
0.00001

Hip 104.54 ± 
4.34

98.24 ± 
0.43

96.36 ± 
1.70

84.55 ± 
4.79

< 0.00001 < 
0.00001

W-HR 0.93 ± 
0.009

0.92 ± 
0.004

0.91 ± 
0.007

0.90 ± 0.02 < 0.00001 < 
0.00001

W-htR 0.64 ± 0.03 0.59 ± 0.02 0.57 ± 0.02 0.50 ± 0.02 < 0.00001 < 
0.00001

Skinfolds (mm) and ratios      

Biceps 34.98 ± 
4.44

27.05 ± 
0.49

25.41 ± 
0.49

19.54 ± 
3.12

< 0.00001 < 
0.00001

Values are given as the mean ± standard deviation and percentage (%). BMI, body mass index; W-HR,
waist-hip ratio; W-htR, waist-height ratio; CSF, central skinfold; FBG, fasting blood glucose. P value is < 
0.05 is statistically signi�cant.
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Variables Quartile I

(LTL ratio < 
0.83)

Quartile 2

(LTL ratio < 
0.87)

Quartile 3

(LTL ratio < 
0.93)

Quartile 4

(LTL ratio < 
0.98)

Between
groups

p-value

Trend p-
value

Triceps 36.70 ± 
3.83

28.34 ± 
0.56

25.91 ± 
0.84

22.17 ± 
2.17

< 0.00001 < 
0.00001

Anterior
axillary

30.30 ± 
3.71

26.31 ± 
0.71

22.21 ± 
0.81

18.17 ± 
2.13

< 0.00001 < 
0.00001

Subscapular 49.85 ± 
4.76

33.19 ± 3.0 28.24 ± 
0.92

26.45 ± 
0.64

< 0.00001 < 
0.00001

Lateral
thoracic

52.59 ± 4.4 36.68 ± 
3.68

29.40 ± 
1.02

23.99 ± 
1.74

< 0.00001 < 
0.00001

Suprailiac 54.40 ± 
4.63

37.37 ± 3.3 30.72 ± 
1.38

25.22 ± 
1.06

< 0.00001 < 
0.00001

Subscapular

/triceps ratio

1.25 ± 0.02 1.16 ± 0.08 1.09 ± 0.18 1.04 ± 0.09 < 0.00001 < 
0.00001

Central 104.26 ± 
9.3

70.57 ± 
6.24

58.97 ± 
2.24

51.68 ± 
1.55

< 0.00001 < 
0.00001

Peripheral 56.63 ± 
12.52

55.85 ± 
11.5

56.03 ± 
11.03

56.53 ± 
13.1

0.89 0.597

Total (Σ6SF) 258.82 ± 
25.81

188.94 ± 
11.74

161.89 ± 
5.46

135.54 ± 
10.86

< 0.00001 < 
0.00001

Biochemical Investigations  

FBG
(mg/dL)

113.50 ± 
8.20

111.01 ± 
7.20

105 ± 8.40 101.59 ± 
8.04

< 0.00001 < 
0.00001

Vitamin D
(ng/ml)

19.84 ± 
2.36

24.44 ± 
0.86

27.50 ± 
0.83

32.44 ± 
3.89

< 0.0001 < 0.0001

Values are given as the mean ± standard deviation and percentage (%). BMI, body mass index; W-HR,
waist-hip ratio; W-htR, waist-height ratio; CSF, central skinfold; FBG, fasting blood glucose. P value is < 
0.05 is statistically signi�cant.
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Table 5
Univariate and multivariable linear regression analyses to identify independent predictors of leukocyte

telomere length (LTL) according to LTL quartiles.
Parameters Quartile Un-adjusted

regression
coe�cient

p Adjusted

regression
coe�cient

p R2

Body mass index
(Kg/m 2)

Quartile1 -   -   0.93

Quartile
2

-16.4 (-16.5,
-17.3)

< 
0.0001

-16.9 (-17.5,
-16.3)

< 
0.0001

Quartile
3

-22.5 (-25.1,
-21.9)

< 
0.0001

-23.5 (-24.1,
-22.9)

< 
0.0001

Quartile
4

-29.7 (-28.7,
-28.4)

< 
0.0001

-29.0 (-29.7,
-28.4)

< 
0.0001

Waist
circumference (cm)

Quartile
1

-   -   0.87

Quartile
2

-6.71 (-7.21,
-6.21)

< 
0.0001

-6.6 (-7.1, -6.1) < 
0.0001

Quartile
3

-9.40 (-9.92,
-8.82)

< 
0.0001

-9.30 (-9.8,
-8.70)

< 
0.0001

Quartile
4

-19.63 (-20.13,
-19.12)

< 
0.0001

-19.5 (-20.6,
-18.9)

< 
0.0001

Hip circumference
(cm)

Quartile
1

-   -   0.82

Quartile
2

-6.29 (-6.91,
-0.566)

< 
0.0001

-6.2 (-6.9, -5.6) < 
0.0001

Quartile
3

− 8.17 (-8.82,
-7.51)

< 
0.0001

-8.05 (-8.7,
-7.3)

< 
0.0001

Quartile
4

− 19.98 (-20.64,
-19.33)

< 
0.0001

-19.7 (-20.4,
-19.0)

< 
0.0001

Waist-hip ratio Quartile
1

-   -   0.84

Quartile
2

-0.008 (-0.011,
-0.005)

< 
0.0001

-0.008 (-0.01-
0.005)

< 
0.0001

Quartile
3

− 0.018 (-0.021,
0.015)

< 
0.0001

-0.18 (-0.21,
-0.15

< 
0.0001

Quartile
4

− 0.009 (-0.012,
-0.006)

< 
0.0001

-0.01 (-0.01,
-0.007)

< 
0.0001

Adjusted for age, family income, education, and hypertension. P value is < 0.05 is statistically
signi�cant.
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Parameters Quartile Un-adjusted

regression
coe�cient

p Adjusted

regression
coe�cient

p R2

Waist-height ratio Quartile
1

-   -   0.74

Quartile
2

-0.047 (-0.053,
-0.042)

< 
0.0001

-0.04 (-0.05,
-0.04)

< 
0.0001

Quartile
3

-0.07 (-0.07,
-0.06)

< 
0.0001

-0.07 (-0.07,
-0.06)

< 
0.0001

Quartile
4

-0.132 (-0.141,
-0.130)

< 
0.0001

-0.13 (-0.14,
-0.12)

< 
0.0001

Subscapular

/triceps ratio

Quartile
1

-   -   0.69

Quartile
2

-0.18 (-0.20,
-0.17)

< 
0.0001

-0.18 (-0.20,
-0.17)

< 
0.0001

Quartile
3

-0.26 (-0.28,
-0.25)

< 
0.0001

-0.26 (-0.28,
-0.25)

< 
0.0001

Quartile
4

-0.15 (-0.170,
-0.14)

< 
0.0001

-0.16 (-0.17,
-0.14)

< 
0.0001

Central skinfolds Quartile
1

-   -   0.92

Quartile
2

-33.6 (-34.82,
-32.5)

< 
0.0001

-33.5 (-34.7,
-32.4)

< 
0.0001

Quartile
3

-45.29 (-46.47,
-44.11)

< 
0.0001

-45.0 (-46.2,
-43.8)

< 
0.0001

Quartile
4

-52.5 (-53.7,
-51.40)

< 
0.0001

-52.3 (-53.8,
-51.1

< 
0.0001

Peripheral
skinfolds

Quartile
1

-   -   0.0008

Quartile
2

-0.77 (-3.07,
1.51)

0.51 -  

Quartile
3

-0.59 (-2.98,
1.78)

0.62 -  

Quartile
4

-0.098 (-2.48,
2.29)

0.93 -  

Total skinfolds
(Σ6SF)

Quartile
1

-   -  

Adjusted for age, family income, education, and hypertension. P value is < 0.05 is statistically
signi�cant.
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Parameters Quartile Un-adjusted

regression
coe�cient

p Adjusted

regression
coe�cient

p R2

Quartile
2

-65.88 (-68.55,
-63.21)

< 
0.0001

-65.6 (-68.3,
-62.9)

< 
0.0001

0.90

Quartile
3

-88.25 (-91.03,
-85.48)

< 
0.0001

-87.6 (-90.4,
-84.8)

< 
0.0001

Quartile
4

-111.1 (-113.9,
-108.40)

< 
0.0001

-110.5 (-113,
-107)

< 
0.0001

Adjusted for age, family income, education, and hypertension. P value is < 0.05 is statistically
signi�cant.

Discussion
This is the �rst study to investigate the relationship of LTL in women with prediabetes. Speci�cally,
relationship of LTL with subcutaneous adiposity, particularly truncal adiposity is being reported for the
�rst time.

The association between obesity and telomerase physiology has been investigated previously. Previously,
some research studies have shown signi�cant negative relationship between adiposity measures and LTL
(19, 20), while others did not (21, 22). Associations of LTL with generalized and abdominal obesity, as
well as weight changes was researched in China (n, 2,912 healthy Chinese women ages 40–70 years)
(23). Interestingly, like our study, this study was done exclusively in women. This study showed that
women who maintained their weight within +/-5% since age 50, or reduced their weight, had a longer
mean of current telomerase length than women who gained weight since age 50(23). A study in white
women (n, 1122 aged 18–76 years) in UK showed that the telomerase of obese women were 240 bp
shorter than those of lean women (24). In a meta-analysis (87 observational studies including data from
146114 subjects), Gielen et al (25) showed a signi�cant inverse relationship between BMI and LTL
particularly in younger population without any gender differences. These associations were
predominantly for the white pooled population (25).

Asian Indians have thicker subcutaneous adipose tissue than white Caucasians(26). Speci�cally, deep
subcutaneous adipose tissue on posterior aspects in lumbar region may be of importance for insulin
resistance (27). Overall, apart from intra-abdominal adipose tissue, subcutaneous adipose tissue in
truncal and abdominal area are higher and are of greater metabolic importance to Asian Indians than
other races and this adipose tissue mass was associated with other components of metabolic syndrome
(e.g. non-alcoholic fatty liver diseases)(28, 29). Moreover, abdominal adiposity indicates high
cardiovascular risk in this ethnic group (30). Only a few studies have shown relationship of multiple
measures of obesity with LTL. Cui et al (23) showed inverse association between LTL and weight, WC, HC,
BMI and W-htR, but not with W-HR or height in Chinese women. In non-Hispanic whites (Fels Longitudinal
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Study, 309 subjects aged 8 to 80 yrs., 52% females) WC, HC, total body fat, and visceral adipose tissue
volume were inversely associated with telomerase length at borderline signi�cance (31). In current study
both abdominal and truncal adiposity are related to LTL, the association of latter with LTL has not been
investigated before.

Relationship between hyperglycemia and telomerase has been researched more often. A study in mice
de�cient for the telomerase RNA component gene shown that short LTL reduces β cell mass and
subsequent impaired insulin secretion and glucose tolerance(32). Human observational case control
study from a community based white population (432 T2DM and 424 controls) have shown decreased
log (e) transformed mean leukocyte telomerase repeat copy number to single gene copy number was
signi�cantly associated with T2DM (33). Recent study from north India (n, 1354 individuals 682 cases of
T2DM and 672 healthy controls), genotyped for 12 Variants from 7 telomerase maintenance genes
showed signi�cant association of �ve variants with T2DM. (34) Zhou et al., (35) recruited 556 Chinese
subjects [T2DM (n, 159), pre-diabetes (n, 197), and normal glucose tolerance (n, 200)] and suggested that
shorter LTL was associated with higher HbA1c, fasting plasma glucose, postprandial glucose and lower
glucose-stimulated insulin release. Interestingly these authors showed LTL shortening existed in
individuals with pre-diabetes, and LTL was shortest in diabetes. Diabetes patients with better glycemic
control (HbA1c < 7 %) had longer LTL. Further, these authors also investigated relationship of LTL with
diet taken by the subjects. They reported that legumes, nuts, �sh and seaweeds were protective factors
for LTL shortening, and sweetened carbonated beverage was a risk factor for LTL shortening(35). This
was the only study, apart from present study, where individuals with prediabetes were investigated in
context of LTL. An intervention study of pistachio intake in individuals with prediabetes has been brie�y
stated previously. This randomized clinical trial on forty-nine men and women (aged between 25–65
years, BMI ≤ 35 kg/m2) with prediabetes showed that chronic pistachio consumption reduced oxidative
damage to DNA and increased the gene expression of some telomerase-associated genes (12). In
addition, lessening oxidative damage to DNA and telomerase expression through diet may represent an
interesting way to promote health span in humans.

Having stated that, association of LTL with hyperglycemia in humans continues to be investigated and
debated. Speci�cally, subjects with prediabetes have been less examined in the context of LTL. These
data also highlight importance of data of the present study; �rst except a insu�cient, most studies have
been completed in limited number of subjects. Second, no investigator has speci�cally focused on
women with prediabetes. Third, association of LTL with skinfolds thickness (hence subcutaneous and
truncal adiposity) in individuals with prediabetes has not been shown previously. This study has the
following limitations. First, the study targeted of people of one ethnic origin and a single region, which
prevents generalization to the entire population and race. Second, as a cross-sectional study, sequential
correlation could not be veri�ed. Third, we did not estimate biomarkers of oxidative stress and
in�ammation, so we could not examine potential relationship between them and LTL. Fourth, longitudinal
and intervention studies are necessary to study interplay between LTL, and prediabetes.
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Overall, our report clearly shows that in Individuals with prediabetes, presence of obesity, and truncal
obesity may accelerate ageing in Asian Indian women with prediabetes.

Abbreviations
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Figure 1

Leucocyte telomerase length according to age categories.
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Figure 2

Leucocyte telomerase length in obese and non-obese women.



Page 25/27

Figure 3

Partial correlations between Leukocyte Telomerase Length (LTL) and skinfold thickness [(a)
Subscapular/triceps ratio (r = -0.4371; p = 0.0001), (b) Central skinfolds (r = -0.8375; p = 0.0001) and (c) total
skinfolds (Σ6SF, r = -0.8560; p = 0.0001)] in women with prediabetes (n, 797). Values have been adjusted
for age.
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Figure 4

Partial correlations of Leukocyte Telomerase Length (LTL) and fasting blood glucose (a), LTL and vitamin
D (b), LTL and body mass index (c), and LTL and waist-to- height ratio in women with prediabetes (n ,
797). All values have been adjusted for age.
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Figure 5

Skinfolds thickness according to quartiles of Leukocyte Telomerase Length


