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Summary 1 

Purpose: To investigate whether micronutrient intake from food as well as the regular uptake of 2 

specific vitamins and/or minerals are associated with leucocyte telomere length (LTL). 3 

Methods: This is a cross-sectional study using data from 422,693 UK Biobank participants aged from 4 

40-69 years old, during 2006-2010. LTL was measured as the ratio of telomere repeat number to a 5 

single–copy gene and was loge-transformed and z-standardized (z-LTL). Information concerning 6 

supplement use was collected at baseline through the touchscreen assessment, while micronutrient 7 

intake from food were self-reported through multiple web-based 24hr recall diaries. The association 8 

between micronutrient intake or supplement use and z-LTL was assessed using multivariable linear 9 

regression models adjusting for demographic, lifestyle and clinical characteristics.  10 

Results: About 50% (n=131,810) of the participants, with complete data on all covariates, self-11 

reported regular supplement intake. Whilst overall supplement intake was not associated with z-LTL, 12 

trends toward shorter z-LTL with regular vitamin B (-0.019 (95% CI: -0.041; 0.002)) and vitamin B9 (-13 

0.027 (-0.054; 0.000)) supplement intake were observed. z-LTL was associated with food intake of 14 

pantothenic acid (-0.020 (-0.033; -0.007)), vitamin B6 (-0.015 (-0.027; -0.003)), biotin (0.010 (0.002; 15 

0.018)) and folate (0.016 (0.003; 0.030)). Associations of z-LTL with these micronutrients were 16 

differentiated according to supplement intake.  17 

Conclusion: Negative associations equivalent to a year or less of age-related change in LTL between 18 

micronutrient intake and LTL were observed. Due to this small effect, the clinical importance of the 19 

associations and any relevance to the effects of vitamin and micronutrient intake toward chronic 20 

disease prevention remains uncertain. 21 

Keywords: leukocyte telomere length, micronutrients, supplements, vitamins, minerals 22 

23 
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Introduction 24 

Telomeres constitute special nucleoprotein structures made of repetitive nucleotide non-coding 25 

sequences (TTAGGG) that play a protective role as  “caps” on chromosomal ends and prevent 26 

genome instability. Telomere length has been proposed as a marker of biological aging, with short 27 

length and telomere dysfunction linked with several degenerative diseases [1]. Results from case-28 

control studies suggest an association of telomere attrition with cancer [2] and neurodegenerative 29 

diseases including Parkinson’s [3] and Alzheimer’s disease [4]. Moreover, cross-sectional data from 30 

population studies also suggest a linkage between telomere attrition and cardiovascular disease [5] 31 

and mortality [6, 7], whilst data from a prospective population-based study highlighted the role of 32 

telomere attrition on the pathogenesis of atherosclerosis [8]. Mechanisms of oxidative stress and 33 

inflammation have also been implicated in accelerated telomere attrition leading to shorter 34 

telomere length [9, 10]. Leucocyte telomere length (LTL) is a complex trait commonly used as a 35 

biomarker of telomere dynamics that facilitates the investigation of the associations between 36 

telomere length and health outcomes at population level [11].  37 

LTL has been associated with both genetic and environmental factors including lifestyle modifiable 38 

characteristics that are linked to the rate of telomere shortening. Shorter telomere length is 39 

associated with ageing, smoking [12], alcohol consumption [13] and increased body mass index 40 

(BMI) whereas female gender [14] and higher physical exercise levels [15] are related to longer LTL 41 

[16]. There is emerging evidence that dietary intake is also associated with LTL [17-19]. Adherence to 42 

a health promoting diet rich in vegetables, fruit, grains, fish, and monounsaturated fatty acids (such 43 

as the Mediterranean diet) has been reported to play a protective role on telomere integrity and be 44 

related to longer LTL [20-22].  Secondary analyses of cross-sectional data of 56 participants, from a 45 

case-control study, suggested a significant, but moderate, association between TL and vitamins A, E, 46 

C and B9 [23], whilst cross-sectional data from the Helsinki Birth Cohort study (n=1,942) [24] and the 47 

National Health and Nutrition Examination Survey (n=10,568) [25] suggested a positive association 48 
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between TL and micronutrient intake. Regardless, these results generally rely on population studies 49 

with smaller sample sizes than the one utilised in this study. Moreover, results are not always 50 

consistent and limited to dietary intake excluding the intake of food supplements [26].  51 

Utilising data from the UK Biobank, we have undertaken a cross-sectional study to comprehensively 52 

examine the association between LTL and micronutrient intake from food, and/or supplement intake 53 

in a large sample of the UK general adult population. More specifically, we aimed to explore whether 54 

regular overall and nutrient-specific supplement intake, and daily micronutrient intake from food 55 

were associated with LTL, whilst controlling for well-known determinants of telomere length, which 56 

could confound the associations observed including age, sex, lifestyle factors, dietary habits and 57 

clinical markers.  58 

 59 

Methods  60 

Study design 61 

The UK Biobank (UKB; https://www.ukbiobank.ac.uk/) is a large prospective population-based 62 

cohort study of ~500,000 volunteer men and women aged between 40-69 years, recruited between 63 

2006 and 2010 in the United Kingdom. Detailed information regarding the protocol, the procedures 64 

and data collected were previously published [27-29]. In brief, participants were asked at baseline to 65 

complete an extensive touchscreen questionnaire followed by a brief verbal interview focusing on 66 

their lifestyle (including diet), environmental exposures, personal and family medical history. They 67 

also had physical measurements and provided samples of blood, urine and saliva, and online 24-hr 68 

dietary recalls through the Oxford Web validated questionnaire covering one to four days [30, 31].  69 

Of the initial 474,074 UKB participants with LTL measurement, complete data on basic determinants 70 

of LTL were available for 422,693 participants following exclusions for genetically related individuals 71 

(randomly excluding one from each pair based on a kinship coefficient of K>0.088, n=33,728), 72 
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individuals with either no genetic data or whose samples failed quality control (n=908), participant 73 

withdrawal (n=107), and with missing data on ethnicity (n=2,101) or white blood cell count (n= 74 

12,822) (Figure 1). 75 

Ethics 76 

Data collection followed the principles of the Declaration of Helsinki and was approved by the North-77 

West Multi-center Research Ethics Committee (reference number 11/NW/0382). All participants 78 

provided written informed consent to participate in the UK Biobank and could withdraw at any time.  79 

 80 

Leucocyte telomere length (LTL) measurement  81 

LTL was measured on DNA extracted from peripheral blood leukocytes of blood samples collected at 82 

baseline. Telomere length was calculated using a validated quantitative PCR method and reported as 83 

a ratio of the telomere amplification product (T) to a single-copy gene (S) (T/S ratio) [32]. The 84 

measurements were loge-transformed to approximate the normal distribution and were then 85 

transformed to z-standardized values (UKB field code “22192”; z-LTL) to facilitate comparisons with 86 

other datasets. 87 

 88 

Dietary assessment 89 

At enrollment, all participants completed a short food frequency questionnaire (FFQ) as part of the 90 

baseline touchscreen questionnaire [33]. Towards the end of the recruitment phase participants also 91 

provided an online 24-hr dietary recall through the Oxford Web validated questionnaire [31, 34]. 92 

Subsequent administrations of the web-based questionnaire were completed up to a maximum four 93 

separate occasions over approximately a year (Feb 2011 - April 2012) to account for seasonal 94 

variation in dietary intake and to provide an estimate of habitual intakes [35]. 95 

Micronutrient intake from supplements 96 
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During the baseline assessment, participants were also asked about their regular intake of different 97 

types of supplements. Specifically, participants were asked whether they regularly consumed any of 98 

i) vitamin A, vitamin B, vitamin C, vitamin D, vitamin E, folic acid (vitamin B9), multivitamins (with or 99 

without combination of minerals) (UKB field code “6155”), and ii) fish oil (including cod liver oil), 100 

glucosamine, calcium, zinc, iron and selenium (“6179”) supplements.  101 

Micronutrient dietary intake 102 

Participants selected all foods and beverages that they consumed over the previous 24 hours from a 103 

list of 206 foods and 32 beverages included in the web-questionnaire. Food and nutrient intake was 104 

estimated through the "Food portion sizes” (Ministry of Agriculture, Fisheries and Food, 1993) (UKB 105 

field “ 100010”) and with the application of the McCance and Widdowson food composition data, 106 

taking into account natural content and food fortification [36, 37]. To account for under- or over-107 

reporting, 1,748 (1%) 24-hr dietary assessments with extreme energy intakes (< 800 or > 4200 108 

kcal/day for men; < 600 or > 3500 kcal/day for women) were excluded [38]. When multiple 24hour 109 

dietary recalls were available per participant, average intakes were estimated. Since, the difference 110 

between the average energy intake of participants with multiple 24-hour recalls and the energy 111 

intake of individuals with a single administration was negligible (mean difference (95% confidence 112 

interval, CI): 56.6 kcal (33.8; 79.5 kcal)), in the present analysis we also included 53,547 (38%) 113 

participants with one 24hour dietary recall to maximize the sample size. We further estimated 114 

adherence to a Mediterranean diet through a modified MedDietScore [39], as previously described 115 

[40], accounting for food items of the eight food groups collected in UKB (i.e. excluding potatoes, 116 

olive oil and legumes). The modified MedDietScore [39, 40] was developed using data from 8 out of 117 

the 11 food groups that characterize the Mediterranean dietary pattern. These food groups were 118 

collected through the touchscreen questionnaire during recruitment in the UKB, and included fruit, 119 

vegetables, fish, poultry, cheese (representing dairy products), red meat and its products, alcohol 120 

intake, and bread and cereal intake. To overcome the limitation of not collecting data for potato 121 

intake in UKB, bread and cereal type alongside bread and cereal intake were incorporated to 122 
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discriminate between non-refined (“brown/ wholemeal/ wholegrain” bread and “bran/ biscuit/ oat/ 123 

muesli” cereal) and refined grains (“white” bread and “other (cornflakes/ frosties)” cereal). 124 

Participants received scores ranging from '0' to '4' based on their reported frequency consumption 125 

of fruit, vegetables, non-refined grains, and dairy products. A score of '0' indicated no consumption, 126 

while '4' indicated daily consumption. Intermediate scores ('1' to '3') corresponded to rare, monthly, 127 

and weekly consumption, respectively. For participants reporting frequent consumption of refined 128 

grains the scores were reversed. For frequency intake of fish, poultry and red meat, that in the 129 

Mediterranean Diet is consumed on a weekly basis, a non-monotonic scoring system was followed, 130 

assigning a score of “4” for the moderate consumption of fish and poultry and rare consumption of 131 

red meat and its products. A non-monotonic function was also used for scoring alcohol intake, with a 132 

score of “5” assigned to participants reporting alcohol intake with  a consumption up to 28g of 133 

ethanol per day (>0mL and <300mL), scores “4” to “1” to a consumption of 28-37.9, 38-47.9, 48-56.9 134 

and 57-66.9g of ethanol per day respectively, and a score of “0” to no consumption or to 67g or 135 

more of ethanol per day (700mL). Thus, the potential range of this modified MedDietScore is 0 to 37 136 

[40], instead of 0-55 [39], with higher values indicating greater adherence to the Mediterranean diet. 137 

 138 

Statistical Analysis 139 

Data on clinical biomarkers and micronutrient intake were winzorised at the 0.5% and 99.5% 140 

percentile values, to reduce extreme outliers, loge-transformed where necessary after graphically 141 

checking their distributions and scaled to the standardized normal distribution. Data are shown as 142 

mean (SD) or frequencies (%) for continuous and categorical variables respectively. 143 

Sequential multivariable regression models were used to examine the association between z-LTL, as 144 

the response variable, and (i) regular overall supplement intake (derived from UK Biobank fields 145 

“6155” and “6179”, classified as “yes/no”; Model (M) 1), (ii) specific category of supplement intake 146 

(derived from fields “6155” and “6179”, classified as “no supplement/ vitamins only/ minerals only/ 147 
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vitamins & minerals”; M2), (iii) specific type of supplement intake (all binary responses from fields 148 

“6155” and “6179” and specifically: vitamin A (yes/no) , vitamin B (yes/no), vitamin C (yes/no), 149 

vitamin D (yes/no), vitamin E (yes/no), folic acid (vitamin B9) (yes/no), multivitamins (yes/no), fish oil 150 

(yes/no), glucosamine (yes/no), calcium (yes/no), zinc (yes/no), iron (yes/no) and selenium (yes/no); 151 

M3), (iv) the combined effect of vitamins associated with telomere length (p<0.05) in M3, namely 152 

vitamin B9 and vitamin B (M4), and (v) daily micronutrient intake from food (i.e. vitamin A, vitamin B 153 

complex (including separately thiamin, niacin, pantothenic acid, vitamin B6, biotin, folate, vitamin 154 

B12, riboflavin), vitamin C, vitamin D, vitamin E, calcium, zinc, iron and selenium; M5). M5 was also 155 

stratified according to supplement intake (no (M5a) vs yes (M5b)) to account for the potential 156 

interaction of supplement intake with food intake. 157 

All models were adjusted for other covariates that were previously shown to be associated with LTL 158 

[32], including sociodemographic (i.e. age (UKB field “21003”), sex (males/females; “31”), ethnic 159 

background (White, Black, Asian, Chinese, Mixed, and Other; “21000”), educational level (none; O-160 

levels/ CSE/ GCSE that are equivalent to statutory/ compulsory education; A-levels/ non-vocational 161 

qualifications/ other professional educational qualifications that are equivalent to advanced 162 

education; degree that is equivalent to college or university degree; “6138”) and Townsend 163 

deprivation index at recruitment with higher scores representing greater levels of deprivation (in 164 

quintiles; “189”)), anthropometric (i.e. body mass index classification: under and normal weight <25 165 

kg/m2, overweight 25-29.9 kg/m2 and obese ≥30 kg/m2 (derived from “21001”)), lifestyle (i.e. 166 

smoking (never/previous/ current; “20116”), International Physical Activity Questionnaire (IPAQ) 167 

activity group (i.e. low/ moderate/ vigorous; “22032”) and alcohol intake (5-15g/day (females), 5-168 

30g/day (males)/ <5g/day/ >15g/day (females), >30g/day (males); derived from a combination of 169 

participants’ self-reported weekly and monthly intake in terms of glasses of alcohol) (18)), and 170 

health-related (white blood cell count (WBC; “30000”), low density lipoprotein cholesterol (LDL; 171 

“30780”), C-reactive protein (CRP; “30710”), estimated glomerular filtration rate (CKD-EPI; eGFR; 172 

“30700”), insomnia (never/ sometimes/ usually; “1200”), fed up feelings (yes/ no; “1960”) and self-173 
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reported medically diagnosed diseases including cancer (“2453”), diabetes (“2443”), hypertension 174 

and vascular disease (both derived from “6150”)). To further control for the confounding effect of 175 

the overall diet, models evaluating the association of micronutrient supplement intake and LTL (i.e., 176 

M1-M4) were additionally adjusted for UKB participants’ overall adherence to Mediterranean diet, 177 

whilst models evaluating the association of micronutrient intake from food (i.e., M5) were 178 

additionally adjusted for daily energy intake (“26002”) [41]. For micronutrient intakes from food 179 

found to associate with z-LTL (p<0.05) we further investigated quintiles of intake to consider non-180 

linear effects. Results from the regression models are reported as regression coefficients (95% 181 

confidence interval, CI).  182 

To facilitate the interpretation, the association of z-LTL with each variable was expressed in terms of 183 

age-related change due to LTL, by dividing the regression coefficient for the relevant vitamin intake 184 

variable by the absolute value of the regression coefficient for the age-related change in LTL in the 185 

UKB sample (i.e., 0.023 per year). All tests were two-sided and the statistical level was set at 0.05. 186 

The Bonferroni corrected significance level to account for the seven regression models tested was 187 

set at 0.007. Data analyses were performed in Stata (StataCorp. 2021. Stata Statistical Software: 188 

Release 17. College Station, TX: StataCorp LLC).  189 

 190 

Results 191 

Participants’ flowchart is described in Figure 1. Amongst 422,693 non-related UKB participants with 192 

complete information on LTL and its key determinants (i.e., age, sex, ethnicity and white blood cell 193 

count), complete data on micronutrient intake from food and supplements were available for 194 

343,348 (81%) and 177,990 (42%), respectively (Figure 1). Participants with missing data on 195 

supplement intake (n=79,345) had on average longer LTL (mean difference (95% CI): 0.026SD 196 

(0.018SD; 0.034SD)), were more likely to be women (11.8% (11.4%; 12.2%)), of other than white 197 

ethnic background (2.9% more participants of ethnic minorities (2.7%; 3.1%)), and from the most 198 
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deprived areas (8.0% (7.6%; 8.3%)), compared to participants with complete data (n=343,348). The 199 

pattern was similar when participants with 24hr-recall data (n=177,990) were compared to 200 

participants with no 24hr-recalls (n=244,703). Particularly, more participants in the latter group were 201 

of other than white ethnic background (2.2% (2.1%; 2.3%)) and from deprived areas (5.6% (5.3%; 202 

5.9%)); but they had on average shorter LTL (-0.066SD (-0.072SD; -0.06SD)) compared to those with 203 

available 24hr-recall data. Differences in the distribution of age and WBC were negligible in both 204 

cases. Thus, analysis relied on a) 261,204 individuals, with complete data on z-LTL, supplement 205 

intake and related co-variates (models M1-M4), and b) 140,099 individuals with complete data on z-206 

LTL, food intake and corresponding co-variates (model M5). 207 

Descriptive statistics of participants’ baseline characteristics are shown in Table 1. Notwithstanding 208 

mutual confounding, participants reporting regular supplement intake (n=131,810) when compared 209 

to their counterparts of no intake (n=129,394), have shorter z-LTL, are older, female, and from the 210 

least deprived areas. Additionally, supplement consumers tend to follow a healthier lifestyle (i.e., 211 

they are of normal weight, vigorously active, abstain from smoking/alcohol and generally adhere to 212 

the Mediterranean diet), but they self-reported higher rates of insomnia and medically diagnosed 213 

cancer (Table 1). Approximately one of every four participants (n=63,588) reported multiple vitamin 214 

intake including multivitamin intake, whilst approximately 7% (n=19,048) reported single vitamin 215 

intake, with vitamin C being the most common (9,479 (3.63)) and vitamin A (256 (0.10)) the least 216 

common single vitamins reported (Supplementary Table 1). Regarding mineral and other dietary 217 

supplement intake, 17.5% (n=45,780) and 25% (n=66,220) reported multiple and single intake, 218 

respectively, with fish oil being the most common (41,301 (15.8)) and selenium being the least 219 

common (695 (0.27)) single supplement consumed (Supplementary Table 1). Approximately one of 220 

every four participants (n=62,826) reported both vitamin and mineral intake (Supplementary Table 221 

1).  222 

In the multivariable regression models, overall supplemental intake was not associated with z-LTL 223 

(M1, Table 2), neither were general types of supplement intake (i.e. vitamins and/ or minerals; M2, 224 
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Table 2). However, negative associations were observed between vitamin B (beta (95% CI): -0.019 (-225 

0.041; 0.002); p=0.079) and vitamin B9 (-0.027 (-0.054; 0.000); p=0.054), and z-LTL, albeit of small 226 

magnitude (i.e., approximately equivalent to 1 year of age-related change in LTL) (M3, Table 2). 227 

Compared to the overall intake of other vitamins/minerals, the combined intake of vitamin B/B9 was 228 

associated with smaller z-LTL (-0.07 (-0.11; -0.03); p=0.001), equivalent to 3 years age-related change 229 

in z-LTL (M4, Supplementary Table 2).   230 

Overall, we generally observed similar micronutrient intake from food between supplement users 231 

(n=72,126) and non-supplement users (n=67,973) (Supplementary Table 3). However, the intake of 232 

folate, vitamin C and calcium from food was higher among supplement users (mean difference (95% 233 

CI): 8.70 (7.50; 9.89) μg/day, 12.2 (11.4; 13.0) mg/day, and 13.9 (10.0; 17.7) mg/day, respectively) 234 

compared to non-supplement users (Supplementary Table 3). Results from the multivariable 235 

regression models for the food intake suggest a negative association of z-LTL with pantothenic acid (-236 

0.020 (-0.033; -0.007); p=0.003) and vitamin B6 (-0.015 (-0.027; -0.003); p=0.014) and a positive 237 

association with biotin (0.010 (0.002; 0.018); p=0.010) and folate (0.016 (0.003; 0.030); p=0.019), 238 

whilst only the association of z-LTL with pantothenic acid reached Bonferroni significance. In all 239 

cases, the magnitude of association was small and equivalent to 1 year or less of age-related change 240 

in LTL. The pattern of these associations was different between supplement users and non-users. 241 

Particularly, vitamin B6 and folate were associated, in opposing directions, with z-LTL among non-242 

supplement users, whilst pantothenic acid and biotin were associated, in opposing directions, with z-243 

LTL among supplement users (Table 3). Evidence of a non-linear association was present for food 244 

intake of biotin suggesting a larger difference between the lowest intake quintile compared to the 245 

remaining 80% of the data (Supplementary Figure 1).  246 

 247 

Discussion 248 



11 
 

We investigated the association between LTL and micronutrient intake, either from supplement 249 

and/or food, through cross-sectional data available in the UK Biobank. We observed a null 250 

association between LTL and overall supplement intake, however among the different types of 251 

supplement intake examined, supplement intake of vitamin B complex had a modest negative 252 

association with LTL, that was approximately equivalent to 3 years of age-related change to LTL. 253 

While this 3-year change in biological age may appear modest, previous research has demonstrated 254 

that even small changes in telomere length can have significant implications for biological aging and 255 

age-related disease risk [42]. Associations of LTL with micronutrient intake from food, and 256 

particularly with pantothenic and vitamin B6 (both negative), were even smaller and equivalent to 1 257 

year or less of age-related change in LTL, whilst not reaching Bonferrroni significance level.   258 

While the way supplement intake was recorded precluded further investigation of the association 259 

between vitamin B complex and LTL, there was detailed information regarding micronutrient intake 260 

from food. Dietary pantothenic (vitamin B5) and vitamin B6 intake were negatively associated with 261 

LTL, whilst biotin (vitamin B7) and folate (vitamin B9) were positively associated with LTL, although 262 

the latter did not reach Bonferroni significance. The opposing associations between these 263 

micronutrient intakes from food and LTL could be attributed to the fluctuation in bioavailability and 264 

absorption of the micronutrients as well as the potential synergistic or antagonistic interactions with 265 

other micronutrients. Any effect dietary micronutrient intake had on LTL was dependent on the use 266 

of supplements, with the association of LTL with B6 and folate persisting among non-users and the 267 

association of LTL with pantothenic and biotin persisting among users. Notwithstanding the cross-268 

sectional nature of the association, that may result to regular supplement intake among individuals 269 

of impaired health (reverse causality), our findings contradict the hypothesis that greater intake of 270 

micronutrients is positively associated with telomere maintenance. However, the opposing trend 271 

observed in the direction of the association of LTL with supplement intake of vitamin B complex and, 272 

particularly, with vitamin B9 is in accordance with the findings of recent animal [43] and offspring 273 

[44] studies.  274 
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Telomere attrition is a multifaceted process regulated by a combination of cellular and molecular 275 

mechanisms, such as oxidative stress, chronic inflammation, and changes in DNA methylation 276 

patterns [45,46]. Antioxidant, vitamin, and mineral intake have a positive effect in the replication 277 

rate of cells and therefore prevent response to inflammation and reduce the level of oxidative stress 278 

in the cells [47,48]. It is, therefore, anticipated that micronutrient intake could impact on telomere 279 

length maintenance as regulators of enzymes essential for DNA replication, such as telomerase, 280 

contributing to chromosomal stability, repair processes, and overall cellular health [49]. Whilst 281 

vitamin B complex, and particularly folate and vitamins B2, B6, and B12, have pivotal roles within the 282 

one-carbon metabolism pathways, actively participating in DNA methylation and repair processes 283 

essential for maintaining the integrity and stability of chromosomes [50], excessive vitamin and 284 

antioxidant intake potentially interfere with normal cellular processes, cell proliferation and the 285 

ability to repair DNA damage progressively leading to telomere shortening [51]. Our finding 286 

regarding the negative association between vitamin B9 supplement intake and LTL may be, thus, due 287 

to the excess folic acid intake, leading to accumulation of folate derivatives which regulate several 288 

enzymatic activities and cause DNA attrition [52]. Vitamin B6 intake could also impact on telomere 289 

length through mechanisms similar to folate and vitamin B12, regulating DNA methylation via 290 

lowering the levels of homocysteine [53]. However, its relationship with telomere length is complex 291 

and not fully understood. Although we could speculate that a reversed U-shape association between 292 

vitamin B6 and telomere length is possible in accordance with known folate mechanisms, our data 293 

failed to support this hypothesis. Pantothenic acid (vitamin B5) is also involved in cellular 294 

metabolism through its role in the synthesis of coenzyme A. However, whether its specific role in 295 

cellular metabolism influence the mechanisms related with telomere attrition and whether our 296 

observed negative association with LTL is in accordance with our hypothesis of excessive intake is yet 297 

to be fully elucidated. We could speculate that excessive vitamin B complex intake might disrupt 298 

DNA methylation patterns, cell proliferation or other regulatory mechanisms, leading to telomere 299 

shortening which can then lead to increased disease risk and lower life expectancy [54]. 300 
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To our knowledge, this is the first large-scale epidemiological study that comprehensively examines 301 

the association between LTL and a variety of micronutrient intake either through supplement or 302 

food. We have utilized data from the UK Biobank, a powerful resource that allows adjustment for 303 

multiple potential confounders hence minimizing residual confounding, and we have thus examined 304 

the association of micronutrient intake with LTL, above and beyond other well-known determinants 305 

of LTL. There are no studies of equivalent magnitude with which we can compare our findings 306 

directly, whilst the findings from smaller scale epidemiological studies are conflicting suggesting 307 

negative association between telomere length, carotenes and tocopherol [55-57] and positive 308 

association with serum vitamin A [47] and serum folate [25, 58]. Whilst results from the Framingham 309 

Offspring cohort study [59] suggest a negative association between high folic acid intake from both 310 

multivitamins and fortified foods and LTL, other studies reveal a protective role of folate on DNA 311 

integrity with a positive association between dietary intake or serum folate concentration and LTL 312 

[56, 60]. Heterogeneity in the magnitude and the direction of the association between telomere 313 

length and the various micronutrients could be attributed to the study design and setting, the 314 

method used to measure telomere length, the measurement of micronutrient intake, the population 315 

size and the covariates used in the models, with our study providing greater power to detect any 316 

association between variation in LTL and micronutrient intake. Even though there is evidence of 317 

“healthy volunteer” bias [61], risk factor associations in UK Biobank are accepted to be generalizable 318 

[62]. Dietary micronutrient intake data were self-reported through 24hr recall diaries that are prone 319 

to recall bias [63]. Regardless, extreme energy intake values were excluded, and regression models 320 

were adjusted for energy intake and a number of other personal characteristics to minimize 321 

differential misclassification. Participants self-reported whether they regularly consume any 322 

vitamins/ minerals without providing any data on their composition. Hence, we cannot investigate 323 

dose-response associations between supplement intake and LTL, neither we can disentangle the 324 

combined effect of vitamin B supplement intake in the individual components of the complex apart 325 

than of B9 albeit we cannot rule out recall bias. Moreover, this is a cross-sectional study and as such 326 
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cannot interrogate causal associations between vitamin and mineral intake and telomere length. 327 

Lastly, although we utilized multiple 24hr recalls capturing habitual intake and reducing within-328 

person random error, we also considered single administrations to maximize our sample size. 329 

Estimations of vitamin and mineral intake based on short-term measurements are expected to suffer 330 

from random within-person variation in intake; nevertheless, the large sample size on which this 331 

analysis relies upon may succeed in addressing such errors.  332 

 333 

Conclusion 334 

In general, we did not observe significant associations between micronutrient intake, either from 335 

supplements or food, and LTL. However, negative associations of vitamin B/B9 supplemental intake 336 

and pantothenic intake from natural (food) sources with LTL were observed; albeit their small 337 

magnitude of the association that may preclude any strong clinical relevance. Regardless, , the 338 

pattern of these associations may suggest the presence of complex interactions between 339 

micronutrients, individual physiology and the underlying metabolic processes that are yet to be 340 

elucidated. While these mechanistic hypotheses provide potential insights, further experimental 341 

studies are necessary to better understand the precise molecular pathways and the underlying 342 

mechanisms involved in telomere length dynamics, enriched with dose-response clinical trials 343 

accounting for years of supplement intake.  344 
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