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1. Introduction  

 

ocioeconomic position (SEP) such as 

marital status, occupation, family 

income, smoking status, physical 

activity, education, and diet determines 

an individual’s behavior and life/health 

conditions, and there is evidence that a weak SEP is 

concomitant with a progressive number and 

magnitude of long-act stressors (1, 2). It has been 

determined that the cumulative biological effect of 

being chronically exposed to social stressors, such as 

discrimination, racism, social class differences, 

unemployment, low income, alcohol consumption, 

S 

Abstract 
Background and Objective: Understanding the social, economic, and physical determinants of telomere size is 

important to assess the risk of early biological aging. In this study, we investigated the association between 

socioeconomic parameters (marital status, income level, smoking status, and body mass index) and leukocyte 

telomere length (LTL) in Iranian adults. This cross-sectional study was part of a prospective cohort project in 

West Azerbaijan province, Iran. 

Materials and Methods: One hundred and three adult participants (28-74 years) were included in this study. 

Personal and health data of each volunteer were obtained through the interview surveys, self-reports and clinical 

examinations. The LTL of each individual was relatively measured by real-time PCR. The association of relative 

LTL with socioeconomic status was evaluated after adjusting for age. 

Results: The LTL was inversely correlated with the individual’s age (R=-0.226, P<0.001). The age-adjusted 

LTL of participants was also positively associated with income level (R=-0.301, P<0.001) while it was not 

significantly correlated with overall marital, smoking, and body mass index (BMI) statuses. The age-adjusted 

LTL was increased in higher income levels compared to lower levels (P<0.001). There were no significant 

differences in the age-adjusted LTL between various variables of marital, smoking, and BMI statuses. 

Conclusion: In the studied population, the income played a critical role in the telomere size and subsequent 

biological aging while smoking, marital, and BMI statuses did not have considerable influence on the telomere 

maintenance. 
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and deficiency in the social support can extend the 

body’s stress responses, which in turn elevates the risk 

of degenerative disease occurrence and exaggerate the 

aging process (3, 4). It has been reported that the 

socioeconomic differences have changed morbidity 

and mortality rates in different populations, and the 

higher prevalence of unhealthy behaviors in the lower 

SEP could worsen the health of individuals in the 

population and increase the morbidity and mortality 

(5). Combinations of social/physical parameters such 

as smoking, alcohol consumption, dietary patterns, 

physical activity, and body mass index have been 

responsible for 12% to 54% of the socioeconomic 

differences in mortality (5). 

Telomeres are the repetitive sequences of DNA 

(TTAGGG) at the end of linear chromosomes that 

regulate the process of cell division and have been 

suggested as a biomarker of aging (6). In addition, 

telomeres act as molecular beacons for DNA damage 

to signal the cells for activation of the repair 

mechanisms or to signal senescence or cell death 

processes during the severe damage (7). Telomere 

shortening occurs rapidly during the first periods of 

life and continues with a slower process in the rest of 

life. This shortening process is influenced by a 

complexity of psychosocial, environmental, and 

behavioral parameters that accelerate it via the 

production of oxidative stress and inflammation 

leading to DNA damage (1). Previous studies have 

found that different markers leading to lower SEP may 

shorten leukocyte telomere length (LTL) (8,9). 

However, many studies have reported no correlation 

between SEP and LTL (1,10). For instance, previous 

studies that evaluated racism and ethnicity reported a 

longer LTL in blacks compared to whites (1,11). In 

the present study, we aimed to investigate the effect of 

many SEP parameters (i.e., marital status, income 

level, smoking status, and body mass index) on the 

leukocyte telomere length of volunteers from Rabat 

city (West Azerbaijan province, Iran). Many cities of 

West Azerbaijan province are deprived areas of Iran in 

terms of development indicators (12). Families of 

these cities are suffering from low income and 

unemployment as the greatest problem (13). No study 

has yet explored the relationship between SEP with 

LTL in this province. We hypothesized that many low 

SEP markers possibly reflect its effects on LTL in the 

people of this province. 
 

2. Materials and Methods  

2.1. Study design and sample preparation 
The study was performed on one hundred and three 

adult volunteers (28-74 years) from Rabat city (a city 

in West Azerbaijan province, Iran). A blood sample 

was prepared from all participants. Also, personal data 

as SEP markers, i.e. smoking, marital, and income 

statuses were obtained through the interview surveys 

and volunteers’ self-report. Clinical examinations 

were done by physicians to check out the health of 

participants and also estimate their body mass index 

(BMI). The SEP markers were evaluated in the 

following classification: 1) Marital status (single and 

married); 2) Smoking status (current smoker, smoked 

more than 100 cigarettes in their lifetime and smoked 

in the last 28 days and never smoker, smoked more 

than 100 cigarettes in their lifetime and did not 

currently smoke) (14); 3) Income (high, medium, and 

low); 4) Body mass index (BMI, kg/m2) (normal, 

BMI of 18.5–24.9; overweight, BMI of 25–29.9; 

obese, BMI of ≥30) (14). All data used in this study 

are related to the Sardasht-2 cohort project (code no. 

IR. Shahed. REC.1394.293). 

 

2.2. DNA extraction and monochrome 

multiplex qPCR 
The salting-out method was used to extract genomic 

DNA from whole blood samples. Extracted DNA was 

quantified by Nanodrop spectrophotometry. The 

samples with 260/280 absorbance ratios of more 

than1.8 were used for PCR. Relative LTL was 

measured using monochrome multiplex qPCR 

(MMqPCR) according to Cawthon (2009) (15) and 

Nasiri et al. (2021) (16). A specific kit (HOT 

FIREPol® EvaGreen® HRM Mix; Solis Biodyne, 

Korea) was applied to amplify DNA samples in 

triplicate by a real-time thermocycler (Rotor-Gene Q 

6-plex, Qiagen, Germany). Telomere (T) and albumin 

(S) (as a single-copy gene) primers were synthesized 

according to Nasiri et al. (2021) (16). The melt curve 

of telomere and albumin was considered for the 

specificity of primers/amplicons and the absence of 

primer dimer formation. A standard curve was 

prepared from dilutions of a reference DNA (pooled 

from twelve controls). T and S are estimated 

according to this standard curve, then the relative TL 

was calculated for each sample through the 

determination of the T/S ratio. 

 

2.3. Statistical analysis 

Data were displayed as mean ± standard error (SE). 

The number of persons in various SEP markers was 

sufficient to compare statistically (Table 1). To 

compare relative LTL between different subgroups, 

values were adjusted to their ages. All data were 

checked for normality by Kolmogorov–Smirnov test 

(Table 1). The non-normally distributed subgroups 

were compared via non-parametric tests i.e., Kruskal-

Wallis and Mann–Whitney. A Spearman correlation 

analysis was employed to assess the close relationship 

of age-adjusted telomere length with SEP markers. 

Also, the regression analysis between age and 

telomere length was presented as a graph. The P 

values less than 0.05 were noticed as statistical 

significant. The SPSS 26.0 software (IBM-SPSS, Inc, 

Chicago, IL, USA) was used for all mentioned 

statistical analyses. 
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Table 1. Telomere length distribution of social / physical subgroups 

      P value greater than 0.05 indicates normal distribution of data in each subgroup (Kolmogorov–Smirnov test). 

 

3. Results 

Figure 1 shows the regression analysis between age 

and LTL. This graph confirmed a negative correlation 

between these two parameters (R=-0.226, P<0.001). 

In table 2, the correlation of age-adjusted LTL with 

social/physical parameters was indicated. Only 

income level had a positive correlation with age-

adjusted LTL (P<0.001) while smoking, marital and 

BMI statuses did not show any significant correlation 

with age-adjusted LTL (P>0.05). 

In figure 2, the length of leukocyte telomere (after 

adjustment with age) was compared within the SEP 

subgroups. The age-adjusted LTL of participants in 

the high and medium income levels was greater than 

the low income level and also the age-adjusted LTL of 

the high income level was greater than the medium 

level of income (P<0.001). The participants with the 

married and single variables of marital status, non- 

and current smoking variables, and normal, 

overweight, and obese variables of BMI did not differ 

in the age-adjusted LTL (P>0.05). 

 

 

 
Table 2. Correlation of age-adjusted telomere length with social / physical parameters 

 

 

 

 

Total participants (n=103, 28-74 years) 

 

Subgroups Frequency 

n (%) 
Homogeneity 

P value 

Marital status 

Single 5 (4.9) 0.048 

Married 98 (95.1) < 0.001 

Smoking 

Never smoker 88 (85.4) < 0.001 

Current smoker 15 (14.6) < 0.001 

Body mass index (kg/m2) 

Normal (18.5-24.9) 25 (24.3) < 0.001 

Overweight (25-29.9) 45 (43.7) < 0.001 

Obese (≥30) 33 (32.0) 0.007 

Salary 

High 33 (32.1) < 0.001 

Medium 57 (55.3) < 0.001 

Low 13 (12.6) 0.053 

 Smoking BMI Marital Salary 

Correlation coefficient 0.045 -0.074 -0.139 0.301 

P value 0.560 0.338 0.071 <0.001 
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Fig 1. Graph of regression analysis between age and telomere length. T/S, telomere length/single copy gene. 

                    

 

Fig 2. Comparison of leukocyte telomere length (after adjustment with age) within social / physical subgroups. a,b,c Significant difference 

between variables in each subgroup (P < 0.05). 
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4. Discussion 
Telomere length has been confirmed to be maximum 

at birth and reduces progressively during the lifetime 

and thus could be an index of chronological aging 

(17). This age-related reduction in the length of 

telomere may be accelerated by various age-related 

diseases such as diabetes, hypertension, Alzheimer's 

disease, and cancer (18). Therefore, the attrition of 

telomere is important in determining both, the 

alteration in longevity and age-associated diseases in a 

person. It has been reported that aging and age-related 

diseases have a synergistic impact on the telomere size 

and also influence telomere length independently (17). 

However, in the present study, the inverse relationship 

between LTL and the age of healthy participants was 

confirmed statistically which is consistent with 

previous studies. Family low income and poverty are 

critical issues that influence individual health. Poverty 

is a strong factor in the accumulation of damaging 

childhood experiences and further injurious stress 

correlated with unpleasant health outputs in adulthood 

(19). Chae et al. (2014) evaluated racial discrimination 

as a stressor and noticed poverty as a confounder 

between discrimination and telomere length. Poverty 

was determined as the poverty ratio and the ratio of 

household income to the poverty threshold according 

to family members. They reported the high levels of 

unemployment in those families and confirmed that 

low income and poverty ratio were negatively 

associated with telomere length (20). Oliveira et al. 

(2016) also reviewed that there is evidence of a 

correlation between telomere size and poverty, 

indicating that poverty may promote telomere 

shortening through unknown mechanisms (21). Our 

data also indicated a direct association between 

income levels and LTL in the participants of Rabat 

city which is in agreement with the mentioned studies.  

Overweight and obesity have been considered as 

chronic diseases and a common risk factor for higher 

morbidity and mortality that are associated with more 

production of oxidants. Oxidants can damage 

telomeres, and antioxidants can decelerate this damage 

(22). Müezzinler et al. (2014) reviewed that there is a 

negative relationship between levels of BMI and TL, 

but also reported a high variability between studies 

(23). Contrarily, Mundstock et al. (2015) in a 

systematic review and meta-analysis evaluated 63 

original papers (including 119439 persons) and 

reported that 39 studies concluded either weak or 

moderate association between BMI and telomere 

length in addition to great heterogeneity (24). In the 

present study, there was no relationship between BMI 

levels and LTL. However, this inconsistency may 

explain that in addition to the overweight factor, other 

personal and environmental factors may also be 

needed to induce the adverse effect on the telomere 

size; and possibly different populations with various 

personal, social and environmental conditions show 

the different effects of overweight on the telomere 

length. Tobacco smoking is a defined health risk 

factor and exposure to adverse chemicals in cigarettes 

may promote oxidative stress and irrecoverable 

attrition to the telomere. Despite this biological 

impact, there have been disparities in the literature 

regarding association between telomere size and 

smoking. While a majority of studies reported no 

association between LTL and smoking (25), some 

findings indicated shorter telomeres with smoking (25, 

26). Even, there is a report that smoking was leading 

to longer LTL (27). Of course, our data that showed a 

lack of relationship between smoking and LTL are 

agreed with most of the previous studies. However, 

the reason for the mentioned disparities is not 

determined and further investigations are needed.  

The present findings showed no association between 

two variables of marital status (married and single) 

regarding LTL. Earlier studies reported conflicting 

data for this association. For instance, Mainous et al. 

(2011) determined that individuals married or living 

with a partner had a longer telomere, and those 

widowed, divorced, separated, or never married had 

shorter telomere in a model adjusted for age, gender, 

and race/ethnicity (28). Chen et al. (2020) also 

indicated that living singly, irrespective of the reason, 

was correlated with a shorter LTL and a higher risk of 

cardiovascular diseases (29). On the other hand, 

Petrovic et al. (2016) and Nasiri et al. (2022) reported 

contrary data (14, 30).  

However, it seems that telomere length is influenced 

by a complexity of genetic, social, and environmental 

factors leading to biological aging; then it is perhaps 

that the evaluation of these factors individually does 

not offer accurate and reliable data. Therefore, it 

would be suggested that the concomitant effects of all 

these factors on LTL and also their interactions are 

evaluated in a unique system. 

 

Conclusion  
In the studied population of Rabat city, the income 

levels played a critical role in the telomere size and 

subsequent biological aging while smoking, marital, 

and BMI statuses did not have considerable influence 

on the telomere maintenance. It seems that family 

income is the most important factor in the health of 

people in this city. 
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