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N–nitrosamines are associated with shorter telomere length
by Huiqi Li, MSc,1 Bo AG Jönsson, PhD,1 Christian H Lindh, PhD,1 Maria Albin, PhD,1 Karin Broberg, PhD 1
Li H, Jönsson BAG, Lindh CH, Albin M, Broberg K. N-nitrosamines are associated with shorter telomere length.
Scand J Work Environ Health. 2011;37(4):316–324. doi:10.5271/sjweh.3150

Objective Telomeres are critical to maintain the integrity of the chromosomes, and telomere abnormalities are
important features of carcinogenesis. Telomere length differs among individuals due to genetic and environmental
factors. Aiming to examine the relationship between DNA-damaging agents and average telomere length in peripheral blood, we conducted a cross-sectional study among 157 workers working in the rubber industry in Sweden.

Methods N-nitrosamines were measured in air by personal sampling on Thermosorb/N tubes and analyzed by
liquid chromatography tandem mass spectrometry (LC/MS/MS) for 60 individuals. Based on a similar working
situation, the exposure was estimated for all workers. Polycyclic aromatic hydrocarbons (PAH) were measured
as the metabolite 1-hydroxypyrene (1-HP) in urine by LC. Carbon disulphide (CS2) was measured as the metabolite 2-thiothiazolidine-4-carboxylic acid (TTCA) in urine by LC/MS/MS. Toluidines (orto-, meta-, and para-)
were measured in urine by gas chromatography (GC)/MS. The average telomere length in peripheral blood was
determined by quantitative polymerase chain reaction (PCR).

Results There was a reduction in telomere length with increasing exposure to N-nitrosamines in air [measured
(N=60) N-nitrosamines β-coefficient= -10, (95% confidence interval [95% CI] -17– -1.9) P=0.016; estimated
(N=157) N-nitrosamines β-coefficient = -5.3, (95% CI -9.5– -0.97) P=0.016]. Also, there were negative associations between para-toluidine [β-coefficient= -0.031 (95% CI -0.055– -0.0063) P=0.014], as well as age
[β-coefficient= -0.005 (95% CI -0.007– -0.002) P=0.001] and telomere length. There were no strong associations
between other exposures and telomere length nor did smoking modify the effect.

Conclusion N-nitrosamines exposure may lead to telomere shortening.
Key terms aromatic hydrocarbon; carbon disulphide; polycyclic; rubber; toluidine.

Telomeres are specialized DNA-protein structures
located at the ends of eukaryotic chromosomes. They
consist of a variable number of repeated sequences
(TTAGGG) (1). Telomeres are essential regulators of
cellular life span (2) and play a key role in maintaining chromosomal stability (3). Short telomere length
was related to baseline and mutagen-induced genetic
instability (4). Correlations have been observed between
short telomeres and human diseases associated with
aging, such as cardiovascular diseases (5, 6) and cancer.
Short telomere length in peripheral blood appears to be
a risk marker for human breast, bladder, head and neck,
lung, and renal cell cancers (4, 7–9).
Due to genetic factors, the initial telomere length of a
person varies. Telomere length is progressively reduced
in most somatic cells due to the end replication problem
during cell division (3). Telomeres are successively

reduced with age. However, individuals of the same age
demonstrate a large variability in telomere length, indicating that there are other factors that influence telomere
length as well (10). Apart from progressive reduction in
telomere length during cell replication, DNA damage
induced by oxidative stress has been suggested as one
mechanism involved in accelerated telomere shortening
(11, 12). Due to the high content of guanines, telomeres
are especially sensitive to the accumulation of reactive
oxygen species (ROS)-induced 8-oxo-7, 8-dihydrodeoxyguanosine (8-oxodG) DNA-strand breaks (13,
14). A higher level of 8-oxodG formation in telomeres
compared to other non-telomere chromosomes can be
induced by exposure to oxidative stress (15). It has
also been reported that telomere length shortening
can be accelerated by deficient DNA repair capacity
(16). Accumulated single-strand breaks, produced by
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oxidative stress, have been found to be less efficiently
repaired at telomeres than in the rest of the genome.
Telomere length could also be shortened by chemicals
such as cisplatin, by causing DNA adducts or inhibition
of telomerase (17).
It has been described that the workers in the rubber
industry have increased risk of developing several diseases, such as coronary heart (18) and airways diseases
(19), as well as cancer (20–22). The workers are exposed
to a complex mixture of toxic substances. Several of the
compounds are known or suspected to be carcinogenic,
such as aromatic amines (eg, toluidine), solvents, N-nitrosamines, and polycyclic aromatic hydrocarbons (PAH)
(23, 24). Although the exposure levels are reducing year
by year, the health effects of these compounds are still
worth examining (25). Many compounds in the rubber
industry generate oxidative stress and/or DNA adducts
[eg, N-nitrosamines, carbon disulphide (CS2), PAH, and
toluidines]. We investigated a cross-sectional study of
Swedish rubber workers; this paper reports the relation
between exposure to N-nitrosamines, PAH, CS2, and
toluidines, measured in air or by biomarkers of exposure
in urine, and mean telomere length in peripheral blood.

Methods
Study subjects
The study comprised 166 exposed workers from 8 different rubber industries in southern Sweden. This was not a
random sample from all workers, but a sample of workers
from the rubber production industry, who vulcanized with
sulfur and agreed to participate in the study. Occupational
histories for work in the rubber industry were obtained
through interviews and the time of working (months) in
the rubber industry was calculated. Individual characteristics of the exposed workers are shown in table 1. Of
these workers, 157 workers had information available
on telomere length in peripheral blood. For the analysis
of urinary biomarkers, urine was collected from exposed
workers during the last four hours of an eight-hour work
shift. The samples were collected on Tuesdays, Wednesdays, or Thursdays. All biomarkers have short half-lives
(26–28) and therefore they can be regarded to be at, or
close to, steady-state already on Tuesday afternoon. Thus,
the day of sampling will not affect the results. Blood and
urine samples were, for the majority of the individuals,
obtained within a time period less than half a year from
the air measurements, but for 8 individuals samples were
obtained 8–12 months after the air measurements. The
study subjects gave their informed written consent to take
part in the study, and the Regional Ethical Committee of
Lund University approved the study.

Table 1. Characteristics of the rubber workers included in the
study. [1-HP=1-hydroxypyrene; TTCA=2-thiothiazolidine-4carboxylic acid.]
Rubber workers
N
Population size
Gender
Male
Female
Smoking
Non-smoker
Former smoker
Smoker
Ethnicity
European
Asian

Median

Range

Median

Range

157

0.71

0.16–1.3

77
80

0.70
0.72

0.42–1.3
0.16–1.2

87
19
51

0.71
0.72
0.69

0.16–1.2
0.49–1.1
0.42–1.3

138
19

0.70
0.80

0.16–1.3
0.42–1.2

Age (year)

38

19–65

Working time
(months)

69

3–408

1.3
1.07

0.1–22
0.07–35.5

0.14

0.0020–0.85

24

1.7–690

0.46
0.15
0.090

0.025–108
0.025–3.8
0.025–4.7

N-nitrosamines
(μg/m3)
Estimated
Measured
1-HP (μmol/mol
creatinine)
TTCA (μmol/mol
creatinine)
Toluidine
(ng/ml)
ortometaparaa

Telomere length a

There were no statistically significant differences between groups.

Exposure assessment
The measured exposure levels and workers’ biomarker
levels, across different jobs and factories, have been published before for this study population [N-nitrosamines
(29), 1-hydroxypyrene (1-HP) (30), and 2-thiothiazolidine-4-carboxylic acid (TTCA) (31)]. The exposure
estimates were for N-nitrosamines, based on one air measurement per individual (N=60), and for the biomarkers
in urine from one urinary sample per individual (N=157).
N-nitrosamines in the air
N-nitrosamines were measured by personal sampling on
Thermosorb/N adsorption tubes (Thermo Fisher Scientific
Inc, Walthman, MA, USA) in the breathing zones of 60
rubber workers from 8 companies. The flow rate was 1.5
litre/minute. The work was uniform throughout the 8-hour
work shift and, therefore, the sampling was performed
only during 3 hours. The samples were stored at +8 °C
until analysis. The analyses were performed by liquid chromatography tandem mass spectrometry (LC/MS/MS) as
previously described (29). The N-nitrosamines monitored
were N-nitrosodimethylamine, N-nitrosodiethylamine,
Scand J Work Environ Health 2011, vol 37, no 4
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N-nitrosomorpholine, N-nitrosopiperidine, N-nitrosodin-butylamine, N-nitrosopyrrolidine, N-nitrosomethylethylamine and N-nitrosodi-n-propylamine. The sum of
N-nitrosamines was used in the calculations.
Biomarkers in urine
Urinary 1-HP is suggested to be the most relevant
parameter for estimating individual exposure to PAH
(32). The level of 1-HP was analyzed as described
(33), by LC (Hewlett-Packard 1050) and fluorescence
detection (Hewlett-Packard, Palo Alto, CA, USA) with
excitation at 242 nm and emission at 388 nm.
CS2 is metabolized to TTCA, which has been used as
a biomarker of exposure to CS2 (34). The level of TTCA
was analyzed as described (35) by LC/MS/MS.
Orto (o-), meta (m-), and para (p-) toluidine were
analyzed by a modified method according to Sennbro
et al (36). Aliquots of 1 ml of urine were added with
deuterium labeled o-, m- and p-toluidine and 2 ml of 0.3
M sodium hydroxide. The samples were hydrolyzed for
24 hours at 100 °C. Pentane (5 ml) was added and the
samples were shaken, centrifuged and then frozen. The
pentane phase was derivatized with 20 μl pentafluoropropionic anhydride and then added with 0.5 M phosphate buffer (pH 7.5). The samples were then shaken,
frozen and the pentane phase evaporated. The samples
were finally dissolved in 200 μl toluene. The levels of
toluidine were analyzed by gas chromatography mass
spectrometry (GS/MS) in the negative chemical ionization mode using an Agilent 7890A GC (Agilent Technologies, Santa Clara, CA, USA) connected to a 5975C
MS and a 7683B auto injector. The column was a J&W
DB-5MS (30 m, 0.25 mm ID and 0.25 μm stationary
phase). The m/z monitored were for the toluidines 233.2
and for the internal standards 240.2.
It is traditional to adjust 1-HP and TTCA for creatinine content, which was analyzed enzymatically according to Mazzachi et al (37). The concentrations of the
toluidines are normally presented unadjusted.
Telomere length analysis
DNA was extracted from peripheral blood with QIAamp
96 DNA blood kit (Qiagen, Hilden, Germany) at the
DNA/RNA genotyping Lab, SWEGENE Resource Center
for Profiling Polygenic Disease, Lund University, Malmö,
Sweden. The DNA samples were then diluted with sterile
water to 3.5 ng/μl and stored at -20 °C until analysis.
Relative telomere length quantification was determined by quantitative polymerase chain reaction (PCR)
as described in detail (7), based on the method reported
by Cawthon (38). The relative length of the telomeres
was obtained by calculating the ratio of telomere repeats
product and single copy gene product [hemoglobin beta
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chain (HBG)]. This ratio was then compared with the
ratio of a reference DNA. PCR assays for telomere and
HBG were always performed in separate 96 wells. An
aliquot of 6 μl sample DNA (3 ng/μl) was added to each
reaction (end volume 20 μl). A standard curve, a reference DNA and a negative were included in each run.
For each standard curve, one calibrator DNA sample
was diluted serially by 2-fold per dilution to produce 6
concentrations of 0.625-10 ng/μl. Each sample, standard
curve, reference and negative was run in triplicates.
Two master mixes were prepared, one with telomere primers [0.45 μM of each primer (Forward
5’-CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-3’; Reverse 5’-GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT-3’),
0.5U Taq Platina (Invitrogen, Carlsbad, CA, USA),
1×PCR Buffer, 0.8 mM dNTPs, 1.75 mM MgCl2,
0.3mM SybrGreen I (Invitrogen), 1×Rox (Invitrogen)],
and one with HBG primers [0.40 μM for each primer (F
5’-TGTGCTGGCCCATCACTTTG-3’; R 5’-ACCAGCCACCACTTTCTGATAGG-3’), 1×SybrGreen Universal
mix (Applied Biosystems; Foster City, CA, USA)].
The PCR was performed on a real-time PCR machine
(7900HT, Applied Biosystems). The thermal cycling
profile for the telomere amplification was 95 °C for 4
minutes, followed by 30 cycles of 95 °C for 15 seconds
and 56 °C for 2 minutes, and for the HBG amplification:
95 °C for 10 minutes, followed by 40 cycles of 95 °C
for 15 seconds and 54 °C for 1 minute. Standard curves
were generated with the Applied Biosystems SDS software 2.3. R2 for each standard curve was ≥0.99. Standard deviations (for Ct values) were accepted at <0.2.
The ratio (T/S) of the products for telomere repeats
and the single copy gene HBG was established by the
formula T/S = 2-Ct, where Ct = Cttelomere – CtHBG. Included
in each run were reference samples that demonstrated a
CV of 6.4%, based on 9 runs.
Statistical analysis
In consideration of normally distributed residuals, toluidines (o-, m-, and p-) were converted with the natural logarithm. The first analysis included correlations
between age, working time (months), different exposures,
and telomere length using Pearson and Spearman’s correlation coefficients. Then, all biomarkers were divided into
3 equally sized groups. These exposure categories were
used in order to compare the telomere length between
low-, medium-, and high-exposure groups, using analysis
of variance (ANOVA) and a trend test of Jonckheere Terpstra. However, a data driven categorization of exposure
to N-nitrosamines was also performed (figure 1, group 1:
<5.0 μg/m3; group 2: 5.0–20 μg/m3; group 3: >20μg/m3).
Thereafter, the effects of the individual characteristics and exposure variables on the telomere length
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were estimated as β-coefficients from a general linear
model (all exposures were divided by 1000 times to get
β-coefficients in a proper scale). Univariate analyses
were carried out first, followed by multivariate analyses
for adjustments with influential covariates. Potential
covariates (gender, ethnicity, age, and working time)
were included in multivariate analyses if they were
significantly correlated (Spearman’s or Pearson correlations) to telomere length.
All statistical analyses were completed by using
SPSS 15.0 (SPSS Inc, Chicago, IL, USA) and statistical
significance refers to P<0.05 (two-tailed).

Results
The relative telomere length ranged from 0.16–1.3, with
a median level of 0.71 (table 1). First, the correlations
between different variables and telomere length were
assessed (table 2). Age, working time, N-nitrosamines,
TTCA and p-toluidine correlated to telomere length;
the more of each variable, the shorter telomeres. Also,
N-nitrosamines were highly correlated with TTCA (positive direction), and weaker with 1-HP (negative); 1-HP
and the toluidines were correlated (positive) to each other.
Then, we analyzed the associations between different
exposures, categorized in three groups (low-, medium-,
and high-exposure) and telomere length. Significant differences between groups (data driven grouping) of estimated N-nitrosamines and measured N-nitrosamines and
telomere length were observed (table 3), where higher
N-nitrosamines exposure was associated with shorter

N-nitrosamines (estimated) (ug/m3)

telomeres. The result of the trend test of Jonckheere
Terpstra was also statistically significant for measured
N-nitrosamines. There were significant differences
between m-toluidine exposure groups as well, but not
in a dose-dependent manner.
Thereafter, a univariate linear regression analysis was
performed, in order to assess the effect estimates of the
different variables on the relative telomere length. Age,
working time, N-nitrosamines, TTCA and p-toluidine
were all associated with telomere length (table 4). When
adjusted for age, only estimated N-nitrosamines, measured
N-nitrosamines, and p-toluidine significantly influenced
telomere length (table 4). Since working time was strongly
correlated to age (Pearson correlation r=0.63), the effect
of working time was difficult to disentangle from the
age effect on telomere length. To avoid over-adjustment,
working time was not included in multivariate analyses.

Discussion
This study demonstrates for the first time an association between exposure to N-nitrosamines and shorter
average telomere length in peripheral blood. Also, the
results suggest an association between p-toluidine and
telomere length.
A strength of this study was the measurement of different markers of DNA-damaging compounds in air and
human urine. Also, there was an exposure contrast for
the compounds, in particular for N-nitrosamines. Nevertheless, there were some weaknesses to mention. Only
60 individuals were measured for N-nitrosamines in air,

Figure 1. Association between estimated N-nitrosamines and telomere
length.
Scand J Work Environ Health 2011, vol 37, no 4
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Table 2. Correlations between the telomere length, individual characteristics, and exposure variables. [1-HP=1-hydroxypyrene;
TTCA=2-thiothiazolidine-4-carboxylic acid]
Telomere
length
Telomere length
Gender a
Smoking a
Ethnicity a
Age
Working months
N-nitrosamines
Estimated
Measured

1.00
0.084
-0.052
0.0092
-0.27 c
-0.18 d
-0.19 d
-0.31 d

1-HP
TTCA
Toluidine b
ortometapara-

Gender a Smoking a Ethnicity a

1.00
0.033
0.064
-0.13
-0.11

Age

Working
months

N-nitrosamines
Estimated

1.00
-0.047
-0.25 c

1.00
0.63 c

1.00

-0.27c
0.11

0.11
-0.074

0.12
0.11

0.13
0.26 d

0.12
0.19

1.00
0.87 c

1.00

-0.011
-0.17 d

0.18 d
-0.12

0.284 c
0.14

-0.13
0.20 d

-0.26 c
0.63 c

-0.21
0.56 c

-0.081
-0.11
-0.20 d

-0.19 d
-0.14
-0.072

0.087
0.33 c
0.26 c

0.20 d
-0.13
0.036

-0.13
0.14
0.047
0.14
0.067

0.023
0.0074
0.0083

-0.0054
-0.053
-0.0018

TTCA

Measured

1.00
-0.080
-0.0031
-0.068

-0.096
-0.0036

1-HP

-0.19
-0.22
-0.094

Toluidine b
orto-

1.00
-0.13

meta- para-

1.00

0.24 c -0.0048
0.36 c -0.068
0.31 c 0.016

1.00
0.47 c 1.00
0.52 c 0.66 c 1.00

The correlations between marked and other variables were by Spearman’s rho correlation coefficient. The other correlations were based on Pearson
correlation coefficient.
orto-, meta-, para-toluidines were converted with the natural logarithm.
c Correlation is significant at the 0.01 level (2-tailed).
d Correlation is significant at the 0.05 level (2-tailed).
a

b

while N-nitrosamines for the remaining individuals were
estimated based on work task. However, based on observations on clear and fairly constant differences in exposure conditions for different work tasks during the year of
sampling (Ulf Bergendorff, personal communication), we
believe that the estimated N-nitrosamines reflect the true
levels fairly well. Still, there were quite few individuals
with high exposure for N-nitrosamines. We did not have
complete information on the occupational history for all
workers, apart from time working in the rubber industry.
Thus, there is a possibility that there were previous exposures that may influence the telomere length.
Due to the fact that the rubber industry is a complex
environment, the association between N-nitrosamines and
telomere length may be dependent on exposure to other
toxic agents. Of the exposures analyzed in this study,
N-nitrosamines correlated to, in particular, the biomarker
of CS2, but the effect of CS2 was weaker. The biomarkers
analyzed were, based on literature search, chosen for representing a group of exposures that compose the main part
of the fumes in the Swedish rubber industry. When starting
the exposure assessment for vulcanization fumes, we also
analyzed toxic compounds (butadiene, styrene, benzene
and toluene) in a small subset of samples, but the levels
were actually very low (unpublished data). However, we
cannot exclude that there may be other exposures in the
rubber fumes, not measured here but positively correlating
with N-nitrosamines that contribute to telomere shortening. Still, we do not expect historical exposures, such as
the established bladder carcinogen beta-naphtylamine
(39) to have any strong influence on telomere length in
this population. This compound was prohibited in Sweden
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in 1975 (40), and only a minor fraction of the workers in
our study population (11/157) were working before 1975.
Furthermore, when excluding those 11 from the analysis,
the effects of N-nitrosamines on telomere length was very
similar (β= -5.2, P=0.019). Thus, the effect on telomere
length from work in the rubber industry probably comes
from more recent exposures, such as N-nitrosamines,
which can be found in use in rubber industry.
There was a difference in sampling time of blood
analyzed for telomere length and air measurements for
N-nitrosamines, but the results were in the same direction and level, with and without adjustment for the time
difference. The occupational exposure was fairly constant during this period and this is probably not a major
bias. The urinary samples were collected on different
days (Tuesdays, Wednesdays, or Thursdays). However,
all biomarkers measured in this study have short halflives and therefore they can be regarded to be at, or close
to, steady-state already on Tuesday afternoon. Thus, the
day of sampling will not substantially affect the results.
The DNA for telomere length determination was
extracted from peripheral blood, which is a proxy for the
target organ of the effects of the different exposures. The
telomeres in whole blood probably mainly reflect telomeres of neutrophils, and to a minor extent lymphocytes,
with the former having a lifetime of weeks and the latter
weeks to years. Thus, telomere length in blood probably
mainly reflects a short term situation. Nevertheless, if
the exposures are affecting stem cells of blood, the effect
may be pronounced, even after exposure has ceased.
The N-nitrosamines level in this study was higher than
previously reported in Netherlands, Germany, UK, Italy,
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Table 3. Telomere length in different exposure groups (low, medium and high). [SD=standard deviation; 1-HP=1-hydroxypyrene;
TTCA=2-thiothiazolidine-4-carboxylic acid.]
Na

Group

Range

Telomere length
Mean

SD

P-value b

P-trend c

0.04

0.97

0.97

0.97

0.023

0.075

0.028

0.018

0.90

0.98

0.23

0.22

0.77

0.70

0.022

0.95

0.57

0.15

N-nitrosamines (μg/m )
3

Estimated
Low
Median
High
Measured
Low
Median
High

64
48
45

<0.7
0.7–1.5
>1.5

0.72
0.79
0.70

0.17
0.21
0.17

20
20
20

<0.61
0.61–2.0
>2.0

0.77
0.76
0.75

0.22
0.13
0.22

Estimated d
Low
Median
High

112
27
18

<5.0
5.0–20
>20

0.75
0.75
0.62

0.19
0.17
0.13

Measured d
Low
Median
High

52
6
2

<5.0
5.0–20
>20

0.78
0.68
0.45

0.18
0.20
0.002

52
52
51

<0.11
0.11–0.23
>0.23

0.74
0.72
0.74

0.19
0.17
0.19

51
51
52

<9.0
9.0–40
>40

0.75
0.75
0.70

0.20
0.17
0.17

52
50
50

<0.030
0.030–0.079
>0.079

0.75
0.72
0.73

0.18
0.20
0.17

52
50
50

<0.010
0.010–0.024
>0.024

0.71
0.79
0.70

0.17
0.19
0.16

52
49
51

<0.0061
0.0061–0.016
>0.016

0.75
0.73
0.71

0.17
0.18
0.19

1-HP (μmol/mol creatinine)
Low
Median
High
TTCA (μmol/mol creatinine)
Low
Median
High
Toluidine (ng/ml)
ortoLow
Median
High
metaLow
Median
High
paraLow
Median
High

The total numbers of individuals included differed between the exposures, since there were different numbers of cases with missing values.
Analysis of variance (ANOVA).
c Represents P-trend test of Jonckheere Terpstra.
d Data-driven grouping based on the exposure distribution in figure 1.
a

b

and Poland (41, 42); and half of the rubber workers in this
study exceeded the German target value, the only available
exposure limit (31). N-nitrosamines have been reported
to induce oxidative stress and DNA damage (43–46),
and the main mechanism suggested for N-nitrosamine
carcinogenesis is through the formation of DNA adducts
that can cause mutations (47, 48). However, most data
are derived from tobacco-specific nitrosamines. Also,
there is lack of knowledge about the genotoxic effects of
N-nitrosamines in vivo for humans. To our knowledge
there is only one previous study on the effect of N-nitrosamines on telomere length, in vivo or in vitro. Shimazui
et al (49) demonstrated in a rat model of bladder carcinogenesis that exposure to the N-butyl-N-(4-hydroxybutyl)

nitrosamine was associated with shorter telomeres. The
mechanism for the observation of an association between
N-nitrosamines and short telomeres may be through direct
damage of the N-nitrosamines on the telomere structure
that, if it remains unrepaired, results in shorter telomeres
or through N-nitrosamines-induced cell proliferation.
However, follow-up studies are warranted for elucidating
how the exposure-related reduction in telomere length
affects future disease risk. Of note is that shorter average
telomere length in peripheral blood is a risk factor for
cancer risk (4, 7–9). Also, the shortening of telomeres is
associated with an increased number of tumors in mice
(50), and telomere length abnormalities have also been
implicated in early stages of epithelial carcinogenesis (2).
Scand J Work Environ Health 2011, vol 37, no 4
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Table 4. Effect estimates for the associations between individual
characteristics, exposures and telomere length. [95% CI= 95%
confidence interval; 1-HP=1-hydroxypyrene; TTCA=2-thiothiazolidine-4-carboxylic acid.]

β-coefficient
Univariate analysis
Age
Working time
Gender
Smoking
Ethnicity
N-nitrosamines
Estimated
Measured
1-HP
TTCA
Toluidine a
ortometaparaMultivariate analysis b
Working time
N-nitrosamine
Estimated
Measured
1-HP
TTCA
Toluidine a
ortometaparaa
b

95% CI

-0.0046
-0.0072– -0.0020
-0.00032 -0.00061– -0.000034
0.021
-0.037–0.080
-0.0065
-0.039–0.026
-0.049
-0.14–0.040

P-value
0.00068
0.029
0.48
0.69
0.28

-5.3
-10
-11
-0.21

-9.5– -0.97
-17– -1.9
-168–146
-0.41– -0.0086

0.016
0.016
0.89
0.041

-0.010
-0.020
-0.031

-0.031–0.010
-0.048–0.0088
-0.055– -0.0063

0.32
0.17
0.014

-0.000021

-0.00039–0.00034

0.91

-4.4
-8.1
-50
-0.16

-8.6– -0.16
-16– -0.15
-202–102
-0.36–0.037

0.042
0.046
0.51
0.11

-0.0087
-0.013
-0.028

-0.029–0.011
-0.040–0.015
-0.051– -0.004

0.39
0.37
0.021

orto-, meta-, para-toluidines were converted with the natural logarithm.
The multivariate analysis was adjusted for age.

There were some indications that the other exposures
were associated with reduced telomere length, such as
p-toluidine and CS2 (TTCA). There is little information
about p-toluidine and genotoxic effects, as well as cancer
risk. Most observations for toluidines concern exposure
to o-toluidine, which recently has been associated with
an increased risk of bladder cancer (51) and is classified
as probable carcinogen (28). CS2 exposure is associated
with increased oxidative stress (52, 53), and, at least at
higher exposures, with increased risk of cardiovascular
diseases, health effects that also may be mediated by
telomere shortening (54, 55). Still, it cannot be ruled out
that the effect of CS2 in our study may be due to the fairly
strong correlation to N-nitrosamines. Clearer influence
might be found with a larger study population and wider
range of exposure. Pavanello and coworkers (56) found
an association between PAH exposure (also measured as
1-HP) among coke-oven workers and shorter telomere
length. However, the median PAH exposure levels in
their study were about 20 times higher (median 3.1, range
0.41–7.5 versus the median of 0.14, range 0.0020–0.85,
found in our study) indicating that PAH exposure may
shorten telomeres, but at higher exposures than found in
the current rubber industry of Sweden. Still, the weaker
associations detected may also reflect a true biological
difference between CS2, toluidines, and on the other hand,
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The effect of estimated working time was also analyzed, which in the univariate analysis was associated
with telomere length. However, since working time
was strongly correlated to age, the effect of working
time was difficult to disentangle from the age effect on
telomere length. The lack of effect for working time in
the multivariate analysis adjusted for age is probably due
to over-adjustment. The association between age and
telomere length has been observed in previous studies as
well (6, 11). The main ethnic groups among the rubber
workers in this study were Europeans and Asians, but
we could not detect any difference in telomere length
between these groups. We expected to see an association between smoking and telomere length. The lack of
association may be due to the fact that the non-smokers
are exposed to several substances in the rubber industry
that may shorten the telomeres, and therefore, the workrelated exposures may blur the effect of the smoking.
The effect of smoking should probably rather be analyzed in a referent population with a more non-toxic
working environment. However, we cannot rule out that
misclassification of smoking status, due to recall bias,
could be another possibility for the lack of association.
In conclusion, this study demonstrated that exposure to air N-nitrosamines was associated with reduced
telomere length in the rubber industry. Further studies
should be carried out to get more information about
how other exposures may influence telomere length, and
moreover, how the reduction in telomere length affects
future occupational disease risk.
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