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Abstract  To investigate the independent association between peripheral leukocyte telomere length and dietary  
vitamin A and carotenoid, we collected 839 participants older than 20-year from the 1999–2000 National Health and 
Nutrition Examination Survey. The peripheral leukocyte telomere length was obtained using the quantitative 
polymerase chain reaction method. Dietary information, such as alcohol, caffeine, carotenoid, folate and vitamin 
A/B1/B2/B6/B12/C/E was from a recall of the previous 24h taken food. Multivariable logistic regression and  
smooth curve fitting was conducted to analyze the independent association between telomere length and dietary 
vitamin A and carotenoid. Obesity was further treated as effect modification factor in the stratified analysis. After 
adjusting for age, race, sex, education, obesity, physical activity, PIR, smoking status, CAD history, serum 
concentrations of vitamin E/A/B12, folate, gamma-tocopherol, CRP, total cholesterol, cadmium and dietary intake  
of alcohol, caffeine, fiber, folate and vitamin B1/B2/B6/B12/C/E, the daily vitamin A and carotenoid intake was not 
significantly associated with telomere length in general population (vitamin A: 0.0009, 95% CI: -0.0041, 0.0058; 
carotenoid: 0.0040, 95% CI: -0.0458, 0.0538). In non-obesity population, the association coefficient was -0.0121 
(95% CI: -0.0259, 0.0017) for vitamin A and -0.1369 (95% CI: -0.2809, 0.0070) for carotenoid. Vitamin A and 
carotenoid consumption was not associated with peripheral leukocyte telomere length independently in general adult 
population. However, in non-obese individuals, increasing vitamin A and carotenoid might tend to associate with 
decreasing peripheral leukocyte telomere length. 
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1. Introduction 

Locating at both ends of chromosomes, telomere 
contains a repetitive sequence of 5’-TTAGGGn-3’ serving 
to protect chromosome stability and integrity, adjust 
cellular proliferation, and prevent chromosome end 
fusions [1,2]. Telomere length would be shortened due to 
failing replication of partial telomeric DNA sequence in 
cell division [3,4]. Thus, telomere length has become one 
of biological aging markers to monitor chronic diseases 
risks [5,6,7,8] and potential death risk [8,9,10]. A variety 
of factors could increase (physical activity [11,12,13], and 
normal BMI [12,13,14] etc.) or decrease (smoking [11], 
alcohol [11], and mental stress [15] etc.) telomere length. 
AS age increases, telomeres become shorter by about 15 
base pairs per year [16,17]. 

Diet can also affect the telomere length [18,19,20]. 
Some nutrients can increase the telomere length, while 
others may shorten it. For instance, individuals who ate 
high levels of nuts and seeds tended to have longer 
telomeres than those who consumed less [21]. Fruit and 
vegetable intake were also suggested positively associated 
with telomere length [19,20,22,23,24]. Other foods  
might have the reverse influence. The processed meat, 
sweetened carbonated beverage and sugar-sweetened soda 
intake might shorten telomere length [19,25,26].  

The underlying pathway leading to telomere length 
change might be oxidative reaction and inflammation 
[27,28]. There is evidence indicating that the intake of 
antioxidants and DNA-repair vitamins may affect telomeres 
length [18,29,30]. Dietary vitamin A was a basic nutrient 
important in growth, immunity vision and cell division 
[31]. Vitamin A might influence peripheral telomere length 
through the potential mechanisms of gene expression  
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and epigenetic modifications regulation and immune 
function [32-37]. Carotenoids, converting to retinol and 
then involving to the vitamin A metabolism, are positively 
correlated to aging related diseases via antioxidative 
effects [38,39,40]. Therefore, vitamin A and carotenoid 
might exert protective effect on telomere length by 
antioxidation and antiinflammation mechanism. 

Serum vitamin A [41] and carotenoids [42] have been 
reported positively related to telomere length. Up to date, 
there is no investigation of the association between dietary 
vitamin A and carotenoid with telomere length. Although 
recent study suggested dietary pattern which enrich in 
vitamin tended to associate with longer telomere length 
[43], the independent association between each dietary 
vitamin and telomere length is rather not clear. 

The NHANSE was a cross-sectional designed nationally 
survey targeting at providing trustworthy diseases related 
information. The surveying sample has a national 
representativeness. And the standard protocol assured the 
quality of data collection. In this study, we aimed to address 
the association between the peripheral leukocyte telomere 
length and dietary vitamin A as well as carotenoid, according 
to the 1999-2000 NHANES in United States adult population. 

2. Materials and Methods 

2.1. Data Collection 
NHANSE is conducted by the National Center for 

Health Statistics to measure the health and nutritional 
condition of non-institutionalized citizens lived in United 
State. This program has become continuous since 1999. 
However, the survey contents of this program might vary 
with different health focus in every two years. All 
participants are chosen from a multistage cluster design 
method to guarantee the sample representativeness. Written 
consents had been obtained from participants for the data 
use. The survey data were publicly available to download 
(http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.h
tm). The corresponding variants codebook provided by 
NHANSE program could also be publicly accessed 
(https://wwwn.cdc.gov/nchs/nhanes/search/variablelist.asp
x). The data file compromised demographic characteristics, 
physical exam results, laboratory results, and questionnaire 
items. The analyzed data in this study were from  
1999-2000 cycle [44]. 

 

Figure 1. Eligible individuals in the exploration of the associations between leucocyte telomere length and dietary vitamin A and Carotene in adults. 
Confounding variables including: age, race, sex, education, obesity, physical activity, PIR, smoking status, CAD history, serum concentrations of 
vitamin E/A/B12, folate, gamma-tocopherol, CRP, total cholesterol, cadmium as well as dietary intake of alcohol, caffeine, fiber, folate and dietary 
vitamin A/C/E/B1/B2/B6/B12 

 

http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
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The 1999-2000 NHANSE dataset comprised 9,965 
participants. Since the recommended daily intake of vitamin 
A and carotenoid differed in pregnant and non-pregnant 
population, we excluded the 281 participants in 1999-2000 
cycle. DNA samples for telomere length examination were 
acquired from participants older than 20-year-old. Thus, 
we directly eliminated the telomere length missing 
participants without age filtering, remaining 3,366 eligible 
participants. The vitamin A and carotenoid screening 
abandoned 117 participants. Further 2,410 participants were 
removed for the missing of possible confounding variants, 
including age, race, sex, education, obesity, physical 
activity, PIR, smoking status, history of CAD, serum 
concentrations of vitamin E/A/B12, folate, gamma-tocopherol, 
CRP, total cholesterol, cadmium as well as dietary intake  
of alcohol, caffeine, fiber, and dietary vitamin 
A/C/E/B1/B2/B6/B12 and folate. The final cohort to be 
analyzed remained 839 participants, as shown in Figure 1. 

2.2. Peripheral Leukocyte Telomere Length 
With the Puregene (D-50K) kit protocol (Gentra 

Systems, Inc., Minneapolis, Minnesota), DNA samples 
were obtained from peripheral leukocyte in the whole 
blood. Then, in the Dr. Elizabeth Blackburn laboratory  
at the University of California, San Francisco, the 
quantitative polymerase chain reaction method served to 
measure the telomere length relative to standard reference 
DNA (T/S ratio). The detailed method was reported by 
Cawthon [45] and Lin et al. [46] previously. Each DNA 
sample was tested twice at three different timepoint. As 
recorded by NHANSE, “Sample plates were assayed in 
groups of 3 plates, and no 2 plates were grouped together 
more than once. Each assay plate contained 96 control 
wells with 8 control DNA samples. Assay runs with 8 or 
more invalid control wells were excluded from further 
analysis (< 1% of runs). Control DNA values were used to 
normalize between-run variability. Runs with more than  
4 control DNA values falling outside 2.5 standard 
deviations from the mean for all assay runs were excluded 
from further analysis (< 6% of runs). For each sample, any 
potential outliers were identified and excluded from the 
calculations (< 2% of samples). The mean and standard 
deviation of the T/S ratio were then calculated normally. 
The intraassay coefficient of variation was 6.5%.” We 
converted the peripheral leukocyte telomere length from 
the original T/S ratio to base pairs(bp) with the formula 
3,274 + 2,413 * (T/S) [47]. 

2.3. Dietary Vitamin A and Carotenoid 
The dietary information was from a 24h (midnight to 

midnight) recall. Bilingual interviewers were demanded to 
have a Bachelor’s Degree in Food and Nutrition or Home 
Economics with at least 10 credit hours in food and 
nutrition. And they all finished a two-week training 
program to improve interviewing quality. All participants 
of the 1999-2000 survey were able to have the dietary 
interview. Interviewees were randomly assigned to two 
interviewing group. Half of the them completed the dietary 
recall face-to-face, another by telephone. Interviewers then 
follow the operations of a computer-assisted dietary 
interview system, which provided a standardized format to 

collect detailed food and beverage information. A post-
recall questionnaire was conducted after the 24-hour recall. 
The total dietary intake of vitamin A and carotenoid was 
calculated from the recall data [48]. 

2.4. Confounding Variables 
Demographic characteristics, including age, race, sex, 

education, obesity, physical activity, PIR, smoking status 
and CAD, were considered into statistical adjustment. 
Race covered the non-Hispanic white, non-Hispanic black, 
Mexican, Hispanic white, and other races including multi-
races resident in United Stated. Education was clarified 
into three parts: less than high school, high school, and 
more than a high school. PIR was categorized into low, 
moderate and high group based on the mean value. 
Obesity was defined as body mass index (BMI)≥ 25 kg/m2. 
The intensity of physical activity was ranked into three 
grades referring to mild, moderate and vigorous physical 
activity according to MET. MET< 3 was classified to mild 
grade; MET = 3 or MET< 6 was classified to moderate 
grade; and MET= 6 or MET> 6 was classified to vigorous 
grade. Smoking status described whether participants were 
currently smoking or not. The history of CAD was from 
self-report through questionnaire [49].  

Serum concentrations of vitamin A/E/B12, folate, 
gamma tocopherol, cadmium, total cholesterol and CRP 
were also brought into adjustment. The detailed method of 
laboratory tests could be obtained publicly online [50]. 
Besides, total dietary intake of alcohol, caffeine, fiber, 
folate, and vitamin A/C/E/B1/B2/B6/B12 were involved 
into the potential confounding variable. Dietary covariant 
were obtained from dietary questionnaire as mentioned 
before [48]. 

2.5. Statistical Analysis 
In conformity with NHANSE analytical guidelines [51], 

2-year weights of subsample were applied to statistical 
analyses. All analyses were carried out with Empower 
Stats (http://www.empowerstats.com) and the R software, 
version 3.3.1 (http://www.R-project.org/). The two-sided 
P< 0.05 was considered to be statistically significant.  
Data were expressed as mean ±standard error (SD) for 
continuous variables and frequency (%) for categorical 
variables in male and female population. The difference in 
gender subgroup was performed using Independent 
Student’s t-tests or Mann-Whitney U-tests. Multiple 
regression model was used to detect the independent 
association between peripheral leukocyte length and 24h 
total intake of vitamin A and carotenoid. The smooth 
curve fitting was employed to briefly present the 
correlation. Stratification analysis was also performed to 
address the modification effect of covariant. 

3. Results and Discussion 

3.1. Clinical Characteristics 
The total size of participants analyzed in this 

investigation was 839 (Figure 1). Clinical characteristics 
in different gender were displayed in Table 1. The average 
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age was 53.5 ± 17.7 in male, and 51.8 ± 16.6 in female. 
Significant difference was not found in mean peripheral 
leukocyte telomere length (P= 0.82) among males and 
females. The average telomere length in men was 5610.6± 
605.7 bp and 5620.2± 550.2 bp in women. The distribution 
of race, education, smoking status, and CAD history was 
significantly different between the gender group. The 
average concentration of serum vitamin A was 62.8± 17.4 
ug/dL in male, while in female it is significantly lower at 
57.5± 16.7 ug/dL (P< 0.01). Serum CRP level was  
also significantly different among two genders with  
0.4± 0.8 mg/dL in male and 0.7± 1.8 mg/dL (P< 0.01). 
Concentrations of other circulating nutrients and cadmium 
did not statistically differ in males and females.  

Table 1. Clinical characteristic of the study population from 
NHANSE 1999-2000 

Sex Male(N=509) Female(N=330) P 
Age 53.5 ± 17.7 51.8 ± 16.6 0.18 
Ethnicity1   0.05 
1 263 (51.7%) 186 (56.4%)  
2 60 (11.8%) 50 (15.2%)  
3 143 (28.1%) 70 (21.2%)  
4 25 (4.9%) 19 (5.8%)  
5 18 (3.5%) 5 (1.5%)  
Education2   0.03 
1 211 (41.5%) 107 (32.4%)  
2 122 (24.0%) 90 (27.3%)  
3 176 (34.6%) 133 (40.3%)  
PIR   0.63 
Low 120 (23.6%) 87 (26.4%)  
Middle 168 (33.0%) 102 (30.9%)  
High 221 (43.4%) 141 (42.7%)  
Smoking   <0.01 
0 350 (68.8%) 196 (59.4%)  
1 159 (31.2%) 134 (40.6%)  
Physical Activity   0.37 
Mild 13 (2.6%) 4 (1.2%)  
Moderate 279 (54.8%) 188 (57.0%)  
Vigorous 217 (42.6%) 138 (41.8%)  
Obesity   0.20 
0 147 (28.9%) 109 (33.0%)  
1 362 (71.1%) 221 (67.0%)  
CAD3   <0.01 
0 476 (93.5%) 321 (97.3%)  
1 31 (6.1%) 6 (1.8%)  
2 2 (0.4%) 3 (0.9%)  
Laboratory tests    
Cadmium (ug/L) 0.8 ± 0.6 0.9 ± 0.6 0.02 
Vitamin A (ug/dL) 62.8 ± 17.4 57.5 ± 16.7 <0.01 
Folate (ng/mL) 14.9 ± 9.1 15.6 ± 11.2 0.37 
Vitamin B12(pg/mL) 520.6 ± 713.2 1603.6 ± 13731.6 0.08 
Gamma tocopherol (ug/dL) 242.4 ± 141.4 255.7 ± 154.1 0.23 
Vitamin E (ug/dL) 1313.8 ± 580.4 1340.3 ± 662.0 0.54 
CRP (mg/dL) 0.4 ± 0.8 0.7 ± 1.8 <0.01 
Total cholesterol (mmol/L) 5.3 ± 1.0 5.4 ± 1.0 0.11 
Telomere Length(bp) 5610.6 ± 605.7 5620.2 ± 550.2 0.82 

Data are presented as number (percentage) or means ± standard deviation.  
1the code of ethnicity represented non-Hispanic white, non-Hispanic 
black, Mexican American, other Hispanic and other races (including 
multi races) from 1 to 5 respectively.  
2the code of education represented less than high school, high school 
diploma and more than high school from 1 to 3 respectively.  
3the history of CAD was recorded as non-CAD history (0), CAD history 
(1) and not sure (2). 

3.2. Daily Dietary Vitamin A and Carotenoid 
Consumption 

When it comes to the amount of dietary intake in 
previous 24h, the total intake of vitamin A (P= 0.62) or 
carotenoid (P= 0.63) did not significantly varied in 
different gender. Mean daily intake of vitamin A was 
6140.4 IU in males and 5798.1 IU in females. And the 
mean daily intake of carotenoid was 434.7 RE in males 
and 465.9 RE in females. The median daily intake of 
vitamin A was 3379.6 IU in males and 2809.9 IU in 
females. For carotenoid, the median daily intake was 
173.0 RE in males and 165.5 RE in females. However, in 
male the vitamin A intake of previous 24h spanned from 
85.4 IU to 72,195.4 IU, as for carotenoid the range was 
from 0 to 7182.3 RE. In female, the range of vitamin A 
intake was from 0 to 165,440.7 IU, and the range of 
carotenoid was from 0 to 16532.4 RE. Dietary intakes 
were shown in Table 2. 

Table 2. Means, median and range of previous 24h total dietary 
intakes 

 Male (N=509) Female 
(N=330) P 

Vitamin A 
(IU) 

Mean 6140.4 5798.1 0.62 
Median 3379.6 2809.9  
Range 85.4- 72,195.4 0.0-165,440.7  

>10,000 IU/d 73 (14.3%) 47 (14.2%)  

Carotenoid 
(RE) 

Mean 434.7 465.9 0.63 
Median 173.0 165.5  
Range 0.0- 7182.3 0.0-16532.4  

Vitamin B1 
(mg) 

Mean 1.8 1.3 <0.01 
Median 1.6 1.1  
Range 0.0-939.0 0.0-213.1  

Vitamin B2 
(mg) 

Mean 2.1 1.5 <0.01 
Median 1.8 1.4  
Range 0.2-8.6 0.0-7.2  

Vitamin B6 
(mg) 

Mean 2.1 1.4 <0.01 
Median 1.8 1.2  
Range 0.2-7.6 0.1-8.5  

Total Folate 
(mcg) 

Mean 413.3 294.7 <0.01 
Median 365.7 256.4  
Range 22.9-2289.2 20.4-1957.5  

Vitamin B12 
(mg) 

Mean 5.9 3.6 <0.01 
Median 4.0 2.7  
Range 0.0-141.4 0.1- 32.3  

Vitamin C 
(mg) 

Mean 113.4 83.4 <0.01 
Median 71.0 55.0  
Range 0.1-940.6 0.0-747.6  

Vitamin E 
(mg) 

Mean 9.1 7.5 <0.01 
Median 7.7 6.0  
Range 0.5-70.2 0.2-97.0  

Fiber (gm) 
Mean 17.9 12.2 <0.01 

Median 15.6 10.3  
Range 0.0-111.8 0.9- 44.0  

Caffeine (mg) 
Mean 258.4 217.0 0.08 

Median 158.5 137.4  
Range 0.0-4159.9 0.0-1885.9  

Alcohol (gm) 
Mean 18.7 8.8 0.01 

Median 0.0 0.0  
Range 0.0-939.0 0.0-213.1  

 
Dietary vitamin A mainly came from animal origin 

foods in the form of retinol and plants in carotenoid 
[52,53]. Dairy products and fortified breakfast cereals 
were also added with vitamin A. Among these  
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sources, dairy was the major resource of vitamin A [54]. 
And beta-carotene was the most notably provitamin  
A carotenoid in plant foods. In the present investigation, 
vitamin A was calculated from the recall of previous  
24h eaten foods, including the retinol and provitamin  
A carotenoid [48]. NIH recommended daily vitamin A 
consumption should not be over 10,000 IU per day  
for adults older than 19-year [54]. The percentage  
of analyzed participants whose vitamin A consumption 
exceeded the recommend upper limitation was  
14.3 % in men and 14.2 % in women. Therefore, the daily 
vitamin A intake might be excessive in American 
residents. 

3.3. Association between Peripheral 
Leukocyte Telomere Length and Dietary 
Vitamin A and Carotenoid 

In the crude linear regression model (Table 3.),  
the previous 24h dietary vitamin A intake was not 
significantly associated with peripheral leukocyte 
telomere length (β= -0.0005, 95% CI: -0.0035, 0.0025,  
P= 0.75), either did carotenoid intake (β= -0.0067,  
95% CI: -0.0373, 0.0238, P= 0.67). Then, we adjusted 
demographic variables, such as age, sex, ethnicity, 
education, PIR, CAD history, physical activity, obesity 
and smoking status. The association was not found out 
(for dietary vitamin A: β= -0.0011, 95% CI: -0.0040, 
0.0018, P= 0.47; for dietary carotenoid: β= -0.0131,  
95% CI: -0.0424, 0.0162, P= 0.38). After adjusting 
demographic and serum laboratory examinations, including 
total cholesterol, CRP, cadmium, folate, gamma tocopherol 
and vitamin A/E/B12, the association was still negative 
(for dietary vitamin A: β= 0.0002, 95% CI: -0.0043, 
0.0048, P= 0.92; for dietary carotenoid: β= -0.0002, 95% 
CI: -0.0477, 0.0473, P= 0.97). We further controlled the 
dietary related covariant, including alcohol, caffeine, 
folate and vitamin B1/B2/B6/B12/C/E. The association of 
dietary telomere length with vitamin A intake was 0.0009 
(95% CI: -0.0041, 0.0058) without any significant 
difference (P= 0.73); and with carotenoid was 0.0040  
(95% CI: -0.0458, 0.0538) also without any significant 
difference (P= 0.88). 

However, our founding was a paradox with other 
investigations. An Italian cross-sectional study of 56 
samples found that higher consumption of vegetables, 

especially the antioxidant nutrients such as beta-carotene 
were correlated with longer peripheral leukocyte telomere 
length [24]. In this study, daily dietary vitamin A was 
significantly associated with telomere length (r= 0.325, 
P= 0.02) by the method of Pearson correlation analysis 
without any covariant controlled. After adjusting for age, 
gender, smoking status, food categories and micronutrients, 
daily beta-carotene intake was also positively associated 
with telomere length (β= 0.178; P= 0.0004). Circulating 
level of vitamin A and carotenoid was also suggested to be 
positively associated with peripheral leukocyte telomere 
length in United States adults according to NHANSE 
database [41,42]. 

3.4. Association between Peripheral 
Leukocyte Telomere Length and Dietary 
Vitamin A and Carotenoid Modified  
by Obesity 

Interaction effect was also analyzed among confounding 
variables (Table 4). With adjusting age, sex, ethnicity, 
education, PIR, CAD history, physical activity, smoking 
status, total cholesterol, CRP, cadmium, folate, gamma 
tocopherol, vitamin A/E/B12, alcohol consumption as well 
as dietary caffeine, folate and vitamin B1/B2/B6/B12/C/E, 
obesity significantly modified the association of peripheral 
telomere length and dietary intake of vitamin A (P= 0.02) 
and carotenoid (P= 0.04). Among non-obesity individuals, 
per 1000 IU increase of dietary vitamin A might shorten 12bp 
of peripheral leukocyte telomere length (95% CI: -25.9, 1.7); 
And per 100 RE increase of dietary carotenoid might 
decrease around 13bp of peripheral leukocyte telomere 
length (95% CI: -28.09, 0.7). In non-obesity populations, 
the distribution range of coefficient was quiet near the 
borderline. If measured in base pairs, per 15bp shortening 
of telomere length indicated 12-month aging [16,17]. For 
non-obesity participants, each 1,000 IU increasing of 
vitamin A consumption associated with around 12bp 
decreasing of telomere length, indicating 9.6-month aging. 
And each 100 RE increasing of carotenoid consumption 
associated with around 14bp decreasing of telomere length, 
indicating 11.2-month aging. Therefore, overtaking 
vitamin A or carotenoid might not benefit telomere length. 
Non-obesity individuals might even acquire harmful effect 
on telomere length with too much intake of vitamin A and 
carotenoid. 

Table 3. Coefficients and 95% CIs for peripheral leukocyte telomere length(bp) of vitamin A and carotenoid 

 Vitamin A Carotenoid 

 β (95% CI) P β (95% CI) P 

Crude1 -0.0005 (-0.0035, 0.0025) 0.75 -0.0067 (-0.0373, 0.0238) 0.67 

Model I2 -0.0011 (-0.0040, 0.0018) 0.47 -0.0131 (-0.0424, 0.0162) 0.38 

Model II3 0.0002 (-0.0043, 0.0048) 0.92 -0.0002 (-0.0477, 0.0473) 0.97 

Model III4 0.0009 (-0.0041, 0.0058) 0.73 0.0040 (-0.0458, 0.0538) 0.88 

Data are shown as β (95% CI). 
1This model did not control any confounding variable. 
2Model I was adjusted for age, sex, ethnicity, education, PIR, CAD history, physical activity, obesity and smoking status. 
3Model II was further adjusted for serum laboratory examinations, including total cholesterol, CRP, cadmium, folate, gamma tocopherol and vitamin 
A/E/B12.  
4Model III was further adjusted for dietary variables, including alcohol, caffeine, folate and vitamin B1/B2/B6/B12/C/E. 
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Table 4. Coefficients and 95% CIs for peripheral leukocyte telomere length(bp) of vitamin A and carotenoid stratified for obesity. 

 Vitamin A Carotenoid 

 N β (95% CI) N β (95% CI) 

Total 839 0.0009 (-0.0041, 0.0058) 839 0.0040 (-0.0458, 0.0538) 

Obesity     

0 259 -0.0121 (-0.0259, 0.0017) 259 -0.1369 (-0.2809, 0.0070) 

1 580 0.0003 (-0.0050, 0.0056) 580 0.0008 (-0.0522, 0.0539) 

P for interaction  0.02  0.04 

 

Figure 2. The association between peripheral telomere length and vitamin A(A) and Carotenoid(B). Adjusting for age, sex, ethnicity, education, PIR, 
CAD history, physical activity, smoking status, total cholesterol, CRP, cadmium, folate, gamma tocopherol, vitamin A/E/B12, alcohol consumption as 
well as dietary caffeine, folate and vitamin B1/B2/B6/B12/C/E. The red line standed for non-obesity, while the green one for obesity 

However, for obesity individuals, the association of 
peripheral leukocyte telomere length with dietary vitamin 
A was 0.0003 (95% CI: -0.0050, 0.0056), with dietary 
carotenoid was 0.0008 (95% CI: -0.0522, 0.0539).  
Thus, dietary vitamin A or carotenoid intake was not 
significantly associated with the peripheral leukocyte 
telomere length. 

Figure 2 showed the curve fitting association of 
peripheral telomere length (bp) with dietary vitamin A and 
carotenoid stratified with obesity. There was no turning 
point or platform stage in the curve, indicating no 
threshold saturation in the association between dietary 
vitamin A, carotenoid and telomere length. 

4. Conclusion 

There was no independent association between 
peripheral leukocyte telomere length and the dietary 
vitamin A or carotenoid in general population,  
adjusting confounding variant including age, race, sex, 
education, obesity, physical activity, PIR, smoking status, 
CAD history, serum concentrations of vitamin E/A/B12, 
folate, gamma-tocopherol, CRP, total cholesterol, 
cadmium as well as dietary intake of alcohol, caffeine, 
fiber, folate and dietary vitamin A/C/E/B1/B2/B6/B12. 
However, in non-obesity population, the dietary increase 
of vitamin A and carotenoid tended to associate with  
 

shorten peripheral leukocyte telomere length. Increasing 
intake of vitamin A and carotenoid in non-obese 
individuals might not benefit the length of peripheral 
leukocyte telomere length. 
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