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Abstract
Background and Objective: An increase in body composition and smoking habit are risk factors for high free radical levels in the body.
This can lead to oxidative stress, due to the imbalance of pro-oxidants and oxidants in the body that leads to telomere shortening. The
purpose of this research was to investigate the correlation between body composition and smoking habit with telomere length of men
in West Sumatera, Indonesia. Materials and Methods: This cross-sectional study was  conducted  in  Padang  City  using  a  sample  of
130 Minangkabau ethnic district civil servant men aged between 40-50 years. The smoking habit were collected using a questionnaire,
body composition data with bioelectrical impedance analysis  (BIA) and blood sample analysis using O’Callaghan and Fenech's technique
to measure telomere length. Results: This research indicated an average telomere length was 580.37±323.58 bp, BMI was 25.01±4.15
and percentage body fat was 22.06±6.16%. The proportion of subjects who smoke is 58.5%  with  heavy  smoker  26.3%. The  average
length of smoked cigarettes was 25.2±7.3 years and the  average  of  cigarette  consumption is 270.58±343.18. There were no
correlations between BMI and body fat percentage with telomere length (p>0.005). There is a negative correlation were significantly
between smoking duration with telomere length (r = -0.270, p = 0.020). Telomere loss was 94.39 bp throughout the life-span equivalent
to losing 3.4-3.8 years. Conclusion: Body composition is not a risk factor but smoking duration is a risk factor for telomere shortening in
ethnic Minangkabau men.
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INTRODUCTION

Life expectancy is one important indicator of a nation
population's health status. This is still relatively low in
developing countries compared to developed countries. The
average  life   expectancy   worldwide   has   increased   from
67 years in 2009 to 71 years in 20131. Nevertheless, in
Southeast Asia, which is composed of mainly developing
countries the average life expectancy is 71 years in 2013.
Average life expectancy Indonesia has reached 70.1 years, still
falling short of the national target of 72 years. In the province
of West Sumatra life expectancy is only 67.9 years1,2.

One of the biomarkers indicating aging and predicting life
expectancy is telomere length. Telomeres are nucleoprotein
complexes at the ends of eukaryotic chromosomes and DNA
molecules3. Telomere consists of a 5'-TTAGGG-3 'base
sequence that repeats over 2-20 kb Telomeres are essential for
maintaining chromosome stability by protecting the end of
chromosome from recombination, fusion and degradation4.
Therefore, the loss of telomeres will have a profound effect on
the maintenance and integrity of chromosomes. Telomere
shortening occurs due to the failure to synthesize the most
part ends in a linear DNA molecule during ordinary DNA
replication. Hence, telomeres gradually become shorter with
age. Cell culture studies show life span is limited by telomere
shortening, a natural process that begins with the onset of
aging at the cellular level and occurs as diploid cells lose
telomeres at cell division due to the failure of this process to
synthesize the further most ends in a linear DNA molecule3.
The lengths of human telomeres are normally reduced by

approximately 24.8-27.7 base pairs per year5. Progressive
telomere shortening is caused by aging, apoptosis, or
oncogenic transformation of somatic cells. Shorter telomere
length has been associated with an increased incidence of
disease, organ malfunctions, poor recovery from illness and
premature death3.
Obesity as measured by a high body mass index and body

fat percentage has been shown to be a significant risk factor
for many diseases. A diet high in fat and low in vegetables can
cause fat accumulation in the body including in the abdomen
and upper arms. High body fat percentage will ultimately
increase the release of reactive oxygen species (ROS), which
are responsible for the oxidative stress. Furukawa et al.6

showed that waist circumference and body mass index (BMI)
was significantly correlated with increased plasma and urine
levels of reactive oxygen species. Song et al.7 has shown that
BMI is highly correlated with biomarkers of DNA damage,
according to age. Prolonged oxidative stress will cause
damage to cells, tissues, organs and the emergence of
degenerative diseases,.

There is a theoretical relationship between obesity and
telomere length. Obesity is associated with inflammation in
adipose tissue resulting from chronic activation of the immune
system. Inflammation of adipose tissue will be a major source
of inflammatory cytokines which may eventually result in
insulin resistance, impaired glucose tolerance and diabetes.
Increased inflammatory cytokines stimulate changes in
leukocyte cells and mitochondrial activity which increase the
production of reactive oxygen species. This in turn will
increase the erosion of telomeres and therefore telomere
shortening8,9.

Globally, the prevalence of obesity is increasing. Data
from WHO shows that 10% of men and 14% of women are
obese. At 3%, the incidence of obesity is significantly lower in
the Southeast Asia region and of less concern than in North
American where a quarter of the population are obese. The
results of Indonesia's 2013 Basic Health Research project, the
prevalence of obesity in adult men was 19.7%, a dramatic
increase from 7.8% in 201010,11.
Increased prevalence obesity is also evident in children.

Based on the data from West Sumatra Provincial Health Office
in 2012, 5.4% of children in this province are obese. This figure
is 8% higher than the national average11.

An unbalanced diet is a risk factor for increased body
mass index and body fat percentage causing obesity. The
Minangkabau ethnic group who make up most of the
population of West Sumatra have a diet higher in saturated fat
and lower in fiber and antioxidant rich vegetables and fruits
than other ethnic groups in Indonesia12. High consumption of
coconut oil and coconut milk is a major source of high levels
of unsaturated fatty acids in the blood. Sulastri et al.13 found
that the saturated fat intake of ethnic Minangkabau society
was higher than the recommended rate. This excess saturated
fatty acid (SAFA) increases BMI and body fat percentage,.
Smoking can accelerate the aging individual predicted by

the effects of oxidative stress caused. Components of cigarette
smoke is toxic exposure to exogenous will increase reactive
oxygen species (ROS)14. Research regarding the blood of
smokers find that an accelerated telomere shortening.
Smoking dose shown to correlate negatively with telomere
length 9. Another study on leucocytes female smokers showed
that telomere DNA is missing an average of 25.7-27.7 base
pairs per year. Therefore, telomere erosion caused by smoking
one  pack  of  cigarettes  a  day  for  40  years is equivalent to
7.4 years of life5.
Based on the consumption of cigarettes, Indonesia is the

biggest smokers in the ASEAN country after the Philippines
and Vietnam. The number of smokers in Indonesia around
27.6%, every 4 Indonesia, there was a smoker11. This
percentage  is  much  larger  than  America today which is only
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about 19% or there is a smoker of every 5 Americans1. Basic
Health Research in 2013 showed an increased prevalence of
smokers in Indonesia from 27.2-29.3 and 26.4% smokers in
West Sumatra11.

This study was conducted to determine whether obesity
as measured by BMI and percentage body fat and smoking
habit were definitive factors in telomere shortening amongst
Minangkabau middle aged males.

MATERIALS AND METHODS

This cross sectional study was conducted subdistrict of
Padang City from March to December 2016. This study was
performed on 130 Minangkabau ethnic men, aged 40-50 years
and specifically worked as the district civil servant.
Minangkabau ethnic means if both the parents and the
ancestors are Minangkabau people. The sample size was
calculated using the formula for continuous data on
population.
This study was approved by the Ethical Committee of

Medical Faculty, Andalas University with registration number
051/KEP/FK/2016.The collection of primary data was obtained
directly from the respondents by conducting interviews using
a questionnaire about the characteristics to assess body
composition using Tanita Bioelectrical Impedance Analysis
(Model TBF-310, Tanita Corporation of America, Tanita BIA).
Blood samples were drawn from all subject (5 mL) and stored
into EDTA containing tubes for lab transfer. Blood samples
were centrifuged at 1000 rpm  for 10 min at 4EC and stored at
-70EC for DNA extraction. Genomic DNA was extracted with
Qiagen (QIAamp DNA Blood Mini Kit, Germany) and quantified
by spectrophotometer (Hitachi 1800, Japan). Samples were
run by Multiplex Real Time PCR BioradCFX 96 TM detection
system with TM Software CFX manager. Telomere length was
measured using O’Callaghan and Fenech15 technique.

Statistical  analysis:  Data  were  analyzed  using  the SPSS
software (version 22.0 for Windows, IBM Corp., NY, Armonk).
The quantitative variables were recorded as Mean±SD,
median and percentage. The correlation was analyzed by
using Pearson’s correlation or non-parametric Spearman
Ranks’ correlation. p-values less than 0.05 were considered
significant.

RESULTS AND DISCUSSION

Average telomere length and body composition are
shown in following Table 1.

Table 1: Average telomere length, body mass index and body fat percentage of
Minangkabau men

Variables Mean±SD Minimum value Maximum value
Telomere length (bp) 580.37±323.58 202.00 2117.00
Body fat (%) 22.06±6.16 3.90 37.80
BMI 25.01±4.15 16.30 37.90

The results shows that the mean absolute telomere
length of these Minangkabau men ranged from 202-2117 bp
with mean 580.37±323.58 bp or total telomere length per
diploid genome between  18.56-194.74  kb  with mean of
53.73 kb. This result is shorter than that found by O'Challagan
and Fenech15 (for 65-75 year old subjects (regardless of
gender) of between 380.43-1891 bp with mean 941.30 bp or
total per diploid genome telomere length between 35-174 kb
with an average of 86.6 kb.

This discrepancy in length reflects the difficulty in
comparing telomere lengths between studies. Telomere
length measurements are highly dependent on method used
One of the oldest methods is using the terminal restriction
fragmentation (TRF)16. However this method requires a large
amount of DNA and the resulting value measures not only the
telomere length  but also sub telomere lengths. More recently
qPCR type methods such as qPCR, MMqPCR and aTLqPCR, that
requires little DNA and only calculates the length of telomeres
has been more commonly used. This study uses aTLqPCR
which measures an absolute telomere length. While the other
qPCR methods measure relative telomere length. The results
of this study, shows that telomere length is comparable to
O'Challagan and Fenech15 results. It can be estimated that the
relative telomere length on these results in an average range
of  4000  bp  compared to O'Challagan’s average of about
5000 bp telomere lengths (4806-12132 bp) than the  results of
this study.  Njajau  et  al.17 (found the length of telomeres in
18-92 year old Amish males Caucasian. Weischer et al.18 study
of 4.576 Danish women aged 20-100 years found longer
relative population) to be 6.158±1.663 bp. Differences
between these results and those of our study could be due to,
not only the problems related to the equipment and methods
used but also variations of race and the differing ages of the
sample groups. The sample in this study were 40-50 years old
while a wider range of ages were  included in the other
studies. It is known that genetic factors play a role in telomere
length, as show by Njajau et al.17, who found a significant
correlation between a Person's telomere length and his
father's (p = 0.006)18. The enzyme telomerase which affects
telomere length but only a few cells are exposed to
telomerase activity and the amount of this activity appears to
have a genetic basis. Gender is also a significant factor. Several
studies  have  shown  that  women’s telomeres are biologically
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Fig. 1: Difference of means of telomere length based on BMI
category
Data expressed as Mean±SD

Fig. 2: Difference of means of telomere length based on fat
percentage category
Data expressed as Mean±SD

longer than men’s. One study on three ethnic groups
(European whites, African Americans and Hispanics) found
that the leukocyte telomeres in newborn females is on
average 57 bp longer than in males. Telomere length can be
influenced by a combination of factors such as genetic and
environment19.

Telomere length differences based on BMI categories can
be seen in the figure below.

The average telomere length in the subject of obesity is
514±283 bp, overweight is 584±285 bp and normal is
587±335 bp as seen in Fig. 1. Although, there is no difference
in telomere length in all three groups of BMI (p = 0.66) but the

telomere length of the subject with normal BMI is longer than
the subject of obesity and overweight.

The average telomere length in the subject with more fat
percentage is 562±337 bp and normal is 595±289 bp as
shown in Fig. 2. Although, there is no difference in telomere
length in groups of fat percentage (p = 0.56) but the telomere
length of the subject with normal fat percentage is longer
than the subject with more fat percentage.

More  than  half  of  respondents  in  this   sample   were
in  the  overweight  or  obese  categories  (66.2%)  and carried
an excess percentage of body fat (53.8%). However, there was
no significant relationship between body composition with
telomere  length. This  result  is  at  odds  with  other  studies.
Lee et al.20  found a statistical significance (p = 0.03) negative
association between BMI with telomere length in 309 non
Hispanic whites. Ornish et al.9  studied 70 obese people found
that telomere erosion increases with weight. Song et al.7 found
a high correlation between BMI and DNA damage. However,
a more recent study, Valdes et al.5 suggests that while obesity
is a clear factor in telomere shortening it is better measured by
leptin concentration rather than BMI or percentage body fat
which do not correlate so clearly with telomere length7,9.

This study failed to find a significant correlation may due
to other more significant lifestyle factors masking the
correlation. Literature shows that short telomeres are not only
found in respondents, who are obese or have excess body fat
but also in smokers and those with low levels of physical
activity. Someone with weight within the normal range whose
lifestyle includes other high risk factors such as smoking and
less physical activity will also have short telomeres.

This study has shown that body composition is not the
only factor associated with telomere length. There was an
extremely high number of smokers across all BMI in this
sample with almost 83% describing themselves as moderate
to heavy smokers. It is well known that smoking can affect
telomere length and accelerate aging. Exposure to toxic
components of cigarette smoke increases reactive oxygen
species (ROS)15.

It would appear that this higher impact of smoking masks
any correlation between body composition with telomere
length. These extraordinary high rates of smoking could also
partly explain the higher levels of telomere erosion found
compared to in the American samples where the rate of
smoking is only 15%2.

Smoking habits of respondents was categorized by
smoking and non-smoking and can be seen in the Table 2.

About 58.5% of respondents are smokers as shown in
Table 2 and difference of means of telomere length based on
smoking habit we can see in the Fig. 3.
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Fig. 3: Difference of means of telomere length based on
smoking habit
Data expressed as Mean±SD

Fig. 4: Difference of means of telomere length based on
degree of smoke
Data expressed as Mean±SD

The average telomere length in the subject with smoker
is 539±256 bp and non smoker is 631±377 bp as shown  in
Fig. 3. There is a significant mean in telomere length based on
smoking habit (p = 0.03). As for the degree of smoking among
respondents who smoke seen in Table 3.

Based on the degree of smoking, it was found that 26.3%
had heavy smoking.

There is no difference average in telomere length based
on degree of smoke (p = 0.08), as shown in Fig. 4.

A  negative  correlation  (r  =  -0.270)  were   significantly
(p = 0.020) between  smoking  duration  with  telomere length

Fig. 5: Correlation  duration  of   smoked   with   telomere
length (p = 0.020)

Table 2: Distribution of respondents by smoking habit
Smoking habit Numbers %
Smoker 76 58.5
Non smoker 54 41.5
Amount 130 100.0

Table 3: Distribution of respondents by degrees of smoking
Degree of smoke Numbers %
Mild 12 15.8
Moderate 44 57.9
Heavy 20 26.3
Amount 76 100.0

shown in Fig. 5. R2 = 0.073 showed that 7.3% telomere length
is determined by factors of smoking duration.

The results of correlation test showed that 7.3% long
telomere length is determined by the smoke, others are
caused  by  other  factors.  Prediction  of  regression tests to
get the results that each additional one year old smoking
would shorten telomeres  at  9.439  bp  (regression  equation
Y = 766.28-9.439X).  Normal  telomere  loss  in  one year is
24.8-27.7 bp6. If someone smoked for 10 years, he will lose
telomere   along   94.39   bp   or   predictable   reduce    age
3.4-3.8  years  of  life.  Weischer  et  al.18  reported no significant
association     between    smoking    and     telomere     length
(p = 8×10-3). In addition, Broberg reported that smokers have
a risk six times shorter telomeres compared with non smokers
(OR = 6.3).The mechanisms involved in the pathological
effects of smoking on telomere length remains elusive.
Cigarette smoke contains free radicals are very high and is
divided into phases nicotine and gas phase. Oxidative stress
is known to be a key factor in all processes related to telomere
shortening21,22.
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This study has several limitations, including researchers
do not put attention to internal factors such as levels of
enzyme that can improve telomere length and levels of
endogenous antioxidants to reduce oxidative stress.

This  study  suggest  that  maintaining  a  healthy weight
is not sufficient to slow the telomere shortening process and
for Minangkabau males smoking factors may pose greater
risks. Further research could examine internal factors such as
levels of telomerase enzyme and genetic variation.

CONCLUSION

Based on this study, the conclusions are: Minangkabau
men  have  significantly  shorter  telomeres   than   those
found  in  other  samples.  No  significant  relationship
between  body  composition  (percent  body  fat  and BMI)
with telomere length could be established in  this  sample so
it appears that other factors such as  smoking may play a
larger role.

SIGNIFICANCE STATEMENT

This study demonstrates that obesity, while a risk factor
for many diseases, is not as significant a factor in telomere
length in middle age Minangkabau men. It is not sufficient to
encourage these men to reduce weight to prevent premature
death but other factors, particularly smoking, must also be
addressed.
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