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Abstract

Purpose—Telomeres, DNA-protein structures that cap and protect chromosomes, are thought to
shorten more rapidly when exposed to chronic inflammation and oxidative stress. Diet and
nutritional status may be a source of inflammation and oxidative stress. However, relationships
between telomere length (TL) and diet or adiposity have primarily been studied cross-sectionally
among older, overweight/obese populations and yielded inconsistent results. Little is known about
the relationship between diet or body composition and TL among younger, low- to normal-weight
populations. It also remains unclear how cumulative exposure to a specific diet or body
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composition during the years of growth and development, when telomere attrition is most rapid,
may be related to TL in adulthood.

Methods—In a sample of 1,459 young adult Filipinos, we assessed the relationship between
blood TL at ages 20.8-22.5 and measures of BMI z-score, waist circumference, and diet collected
between the ages of 8.5 and 22.5. TL was measured using monochrome multiplex quantitative
PCR, and diet was measured using multiple 24-hour recalls.

Results—We found no associations between blood TL and any of the measures of adiposity or
between blood TL and the seven dietary factors examined: processed meats, fried/grilled meats

and fish, non-fried fish, coconut oil, fruits and vegetables, bread and bread products, and sugar-

sweetened beverages.

Conclusions—Considering the inconsistencies in the literature and our null results, small
differences in body composition and consumption of any single pro- or anti-inflammatory dietary
component may not by themselves have a meaningful impact on telomere integrity, or the impact
may differ across distinct ecological circumstances.
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INTRODUCTION

Modern industrialized diets tend to include highly processed animal products, refined grains,
and added fats and sugars but often lack adequate fruits and vegetables. Such diets are
thought to cause increased risk of chronic noncommunicable diseases and reduced longevity
[1-4]. One mechanism via which diet may influence health outcomes is through its potential
effects on the length of telomeres, the repeating DNA-protein structures that protect the ends
of linear chromosomes from loss of genetic information [5-7]. Telomeres of somatic cells
shorten with each cellular replication due to the ‘end-replication problem’ [6,8], but they
may shorten more rapidly if exposed to chronic oxidative stress [9-11] and inflammation
[12,13]. Critically short telomere length (TL) leads to cellular senescence and apoptosis
[14,15], and TL is thought to play a causal role in aging-related disease processes [16].

Certain dietary factors may contribute to or help protect against oxidative stress and
inflammation [17-23] and may thereby influence telomere integrity. For instance, diets high
in processed meats, refined grains, and added sugars tend to be associated with increased
inflammation, whereas diets higher in fruits, vegetables, fish, and whole grains tend to be
related to reduced inflammation [17,20,24-27]. Saturated fats are widely thought to be pro-
inflammatory [28-30], though this may only be the case for long-chain saturated fatty acids
[31,32]. Also, meats cooked at high temperatures (e.g., fried or grilled) are high in advanced
glycation end-products (AGEs), which are thought to contribute to oxidative stress and
inflammation [33,34].

In line with the evidence on diet and inflammation, several studies have observed longer
blood TL among individuals with higher Alternative Healthy Eating Index scores or higher
Mediterranean diet scores [35—-38]. Further studies have reported associations between blood
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TL and specific foods or nutrients. For example, some studies have reported inverse
associations between blood TL and the consumption of all meat [38], red and/or processed
meat [39,40], saturated fat [41,42], refined grains [38,43], and non-diet soda [40,44].
Positive associations have been observed between blood TL and consumption of fruits
and/or vegetables [38,40,41,45,46] and omega-3 fatty acid supplements [47]. However,
findings have not been consistent; in fact, it is more common that studies report null
associations between blood TL and consumption of meat [38,43,45,48], saturated fat
[37,43,49,50], omega-3 fatty acids or fish [38-41,43,45,48-50], and fruits and vegetables
[39,48,50,51].

Notably, many of the populations of the aforementioned studies on diet and TL were, on
average, overweight or obese, with the primary exceptions being the few study populations
in China and Korea [40,48]. Increased adiposity can be an independent contributor to
oxidative stress and inflammation [52,53]. This makes it difficult to clearly separate any
direct association between diet and TL from the potential indirect association related to
dietary effects on adiposity. Few studies have examined how the relationship between diet
and TL may depend on adiposity measures. One study [41] found that associations between
blood TL and margarine intake among men and vegetable intake among women were
significant among overweight and obese individuals but not among their normal-weight
counterparts. Another study [54] suggested that salt intake may be related to blood TL in
overweight and obese adolescents but not in normal-weight adolescents. In other words, it
may be that the body can generally prevent damage caused by the inflammatory and
oxidative properties of food, except when the body is already in a pro-inflammatory state, as
in the case of chronic caloric excess and overweight or obesity.

TL attrition is most rapid in the pre-adult years, and it has been suggested that these years
might be an especially sensitive period in which environmental and lifestyle factors could
influence lifelong TL [55]. In particular, we might expect that cumulative exposure to certain
dietary factors and adiposity levels during growth and development could have an important
impact on TL in adulthood. However, the majority of studies on TL are cross-sectional and
conducted among middle-aged and older adult populations. Few studies have explored the
relationship between measures of diet or nutritional status and TL among youth. One study
reported that estimated levels of total dietary antioxidants were positively associated with
blood TL in a sample of 5- to 18-year-olds in Spain, while white bread and dietary glycemic
load were both inversely associated with blood TL [43]. That study did not explore whether
those associations differed by body composition, though over 60% of the adolescents in that
study population was overweight or obese. Another study found that blood TL in normal
weight 3- to 9-year-old Australian children was inversely associated with plasma zinc status
[56].

A few other studies have explored the relationship between TL and measures of adiposity
among younger populations. One study reported an inverse association between blood TL
and obesity status among 2- to 17-year-old French children [57], while another found a
similar association among 5- to 12-year-old Arab boys but not girls [58]. Among a large
sample of 31-year-old Finnish males and females, both body mass index (BMI) and waist-
to-hip ratio were found to be inversely associated with blood TL [59], and the inverse
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association between BMI and blood TL was found to be stronger at younger ages (<30 years
old) than at older ages in a U.S. population aged 8 to 90 years old [60]. In contrast to these
studies, however, no associations were found between TL and measures of adiposity in other
studies of children [61], adolescents [62], or young adults [49].

Given the inconsistent findings across the literature and the dearth of information on diet,
adiposity, and TL from young, non-obese populations, the present study utilizes longitudinal
data on diet and body composition measured among Filipinos during the adolescent and
early adult years to test whether specific foods and overall nutritional status during years of
rapid cellular turnover are associated with blood TL in early adulthood. Still in the midst of
a nutrition transition, consumption of meat, soft drinks, and total fat has increased among
Filipino populations in recent decades [63-65], and rates of obesity and cardiometabolic
disease have, consequently, been rising [65-68]. Thus, this study setting provides a unique
opportunity to explore how diet trends in the early stages of the global nutrition transition
[69] may be associated with TL. Specifically, we hypothesized that consumption of fried/
grilled meats, processed meats, sugar-sweetened beverages, refined bread and bread
products, and coconut oil (the primary cooking oil in the Philippines and a major source of
saturated fat) across the adolescent and early adult years would be inversely associated with
blood TL but that consumption of non-fried fish and fruits and vegetables would be
positively associated with blood TL in young adult Filipinos. Given the dual burden of
relatively high prevalence of undernutrition and increasing prevalence of overnutrition in the
Philippines [64,65,67,68,70], we hypothesized that the cumulative levels of adiposity across
the childhood, adolescent, and early adult years would have a curvilinear association with
blood TL. We also predicted that diet-TL associations would depend on overall adiposity
levels.

MATERIALS AND METHODS

Study participants

Data came from the Cebu Longitudinal Health and Nutrition Survey (CLHNS) [71,72].
Briefly, this study began in 1983 with the enrolment of 3,327 pregnant women from 17
urban and 16 rural neighborhoods from Cebu, the second largest metropolitan area of the
Philippines. Follow-up questionnaires on diet, nutritional status, and demographics were
administered in 1991-92, 1994-95, 1998-99, 2002-03, and 2005-06 when the 1983-84
birth cohort was on average 8.5, 11.5, 15.5, 18.7, and 21.5 years old. In 2005, venous blood
samples were collected from 1,779 individuals from the 1983-84 birth cohort [73]. Only
data from singletons in the cohort were used for the analyses conducted herein. All study
protocols were originally reviewed and approved by the Institutional Review Board of
University of North Carolina at Chapel Hill. Telomere measurement and analysis using de-
identified samples and data were not considered human subject research by Northwestern
University’s or University of Washington’s Institutional Review Boards.

Measurement of TL

Details of the methods used for measuring blood TL can be found elsewhere [73,74]. In
brief, DNA was extracted from the blood samples of 1,753 singletons from the 1983-84
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birth cohort, and TL (measured as the relative telomere to single copy gene ratio or “T/S
ratio”) was analyzed using a modified version the monochrome multiplex quantitative
polymerase chain reaction (MM@PCR) method [73-75]. The geometric mean intra-assay
coefficient of variation was 5.7%, and the correlation of TL between samples that were
analyzed on two separate runs was 0.92 (p < 0.0001). Adjustment for well position further
increased the precision of the TL measures [74]. TL measured in whole blood, as is most
common in studies exploring relationships between diet or adiposity and TL, is generally
considered to be exclusively of leukocyte origin. However, because of the possibility of
other cellular and non-cellular sources of DNA in the blood [73,76], we refer to TL
measured in this way as blood TL rather than leukocyte TL.

Assessment of adiposity

Longitudinal assessment of adiposity was based on BMI z-scores and waist circumference
measurements. As BMI is strongly age-dependent during the childhood and adolescent
years, BMI z-scores were used instead of BMI to account for age differences of individuals
within each survey wave. In order to obtain a more generalizable measure of body mass,
World Health Organization reference values for 5- to 19-year-olds, which are used to assess
childhood growth worldwide [77-79], were used to estimate BMI z-scores of our population
sample using age (in months) and weight and height measurements from 1991, 1994, 1998,
2002 and 2005. A comparable BMI z-score for ages 19 to 23 was obtained using the 19-
year-old reference values.

Waist circumference was measured in 1998, 2002, and 2005. Because no generalizable
reference exists to estimate waist circumference z-scores, models of waist circumference
adjusted for height and age at the time of each waist circumference measurement.

Assessment of diet

Diet during the adolescent and early adult years was assessed using multiple 24-hour recalls
administered by trained personnel in 1994, 1998, 2002, and 2005. Surveys were conducted
without parental supervision after 1994. One day of intake was recorded in the 1994-95
survey wave, and two days of intake were recorded in subsequent survey years.

Estimates of average total energy intake during each survey year were estimated from 24-
hour recall data using the 1997 Philippines Food Composition Tables from the Food and
Nutrition Research Institute [80], which was periodically updated to include newer food
items. Coconut oil consumption was estimated by multiplying the weight of fried or sautéed
foods consumed by an absorption factor ranging from 0.025 to 0.17, depending on the kind
of food and cooking method [81]. Estimates of daily intake (in grams) of processed meat,
fried or broiled/grilled meat, non-fried fish, soft drinks, bread and bread products, and fruits
and vegetables were calculated directly from the 24-hour recall data. The processed meat
variable represented consumption of processed beef and pork products, including chorizo
(local sausages), hot dogs, and other canned meat and meat products. The fried and broiled/
grilled meats and fish variable included beef, poultry, pork, and fish products. The non-fried
fish variable included intake of any fresh, smoked, dried, canned, or fermented fish and
shellfish consumed raw, boiled, or sautéed; it excluded fried and broiled fish, which, like
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fried or broiled meat, tend to be high in AGEs [33]. Fruit and vegetable consumption was the
combination of all fresh, pickled, or dried vegetables (leafy and non-leafy vegetables and
tubers), cooked and raw, combined with fresh, dried, and canned fruits. Estimates of sugar-
sweetened beverage intake were based on reports of consuming any kind of soda/soft drink
(diet soda consumption is uncommon in Cebu) and non-100% juices.

Statistical analyses

To obtain a measure of cumulative adiposity levels across the juvenile, adolescent, and early
adult years that could be used to test linear and quadratic associations with blood TL, BMI
z-scores were averaged across the five measurements taken from 1991 to 2005, and waist
circumference was averaged across the three available measurements from 1998 to 2005.
Women who were pregnant during any of the anthropometric measurement periods (n=113)
or who had given birth within six months prior to any of the survey waves (n=68) were
excluded.

As with the adiposity measures, kilocalories and each food group of interest (measured in
grams) was averaged across the seven 24-hour recalls available for the 1994-2005 years
(Table 2). Females and males (n=25) with average kilocalorie values below 500 and 800 or
above 3500 and 4000, respectively, were excluded [82].

Multiple linear regression models with robust standard errors were used to test associations
between relative blood TL (T/S ratio) and average BMI z-score; average waist
circumference; and average intake of processed meat products, grilled/fried meat products,
non-fried fish, coconut oil, bread products, fruits and vegetables, and sugar-sweetened
beverages. Interactions between dietary factors and average BMI z-score were also tested in
the diet-specific models. As age and sex are thought to be the strongest, most consistent
predictors of TL [16,55,83-85], each model initially controlled for age (in months at the
time of blood collection in 2005), sex, and the interaction between age and sex. Additionally,
initial models included ten principal component scores of genome-wide genetic variation
that control for potential population structure [86-88]. Fully-adjusted models further
controlled for log-transformed average inflation-adjusted household income (collected at
birth and again in the five survey waves between 1991 and 2005), smoking status in 2005
(entered as former, current, or never smoker dummy variable categories due to lack of
accurate information on pack-years), and average urbanicity score (a scale from 0 to 70
derived from data on population size, population density, communication resources,
transportation services, markets, education facilities, and health care services [89]). These
additional lifestyle, socioeconomic, and environmental variables were added to the fully-
adjusted models because of evidence suggesting that TL may be shorter, on average, among
smokers and among those growing up in more adverse socioeconomic circumstances [90—
93], as well as evidence of strong relationships between urbanicity and energy density in the
Philippines [64,65,89]. In addition to these variables, the models of waist circumference
further adjusted for age and height in each measurement period. The diet-related models
further adjusted for average kilocalorie consumption across the four survey waves 1994—
2005. All age, kilocalorie, height, and waist variables were mean-centered.
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Likelihood ratio tests were used to test the combined effect on model fit of adding linear and
quadratic terms for average BMI z-score or average waist circumference (Table 5: Models
1A and 1B) and adding BMI z-scores and waist circumference measures from different
years (Table 5: Models 2A and 2B) to the fully-adjusted baseline model. The models
assessing adiposity-TL associations were run initially on the entire sample and then
separately on males and females; we present here just the sex-specific results for the fully-
adjusted models.

The models examining diet-TL associations first tested each dietary variable of interest
individually in both simple (Table 6: Model 3A) and fully-adjusted models (Table 6: Model
3B). Interactions between each individual dietary variable and average BMI z-score was then
tested in the fully-adjusted model (Table 6: Model 3C). Finally, as no significant interactions
were found at our adjusted alpha value, all dietary variables of interest were added
simultaneously to the fully-adjusted model without interaction terms (Table 6: Model 3D).

In the latter model, a likelihood ratio test was used to test the combined effect on model fit
of adding all dietary variables to the baseline model, and Wald’s tests were used to test the
combined effect of 1) processed and grilled/fried animal products; 2) non-fried fish and
fruits and vegetables; and 3) bread and bread products and sugar-sweetened beverages.

All models were conducted on the 1,459 (609 females and 850 males) with complete blood
TL, BMI, waist circumference, dietary, income, urbanicity, and smoking data (excluding
women who were pregnant during or recently prior to any survey wave). With this sample,
we had at least 80% power in all models to detect a change in R2 as small as 0.01 at
Bonferroni-adjusted alpha values of 0.0125 and 0.0071 in the adiposity and dietary models,
respectively, to account for the four separate tests of linear and quadratic associations with
adiposity measures and the separate tests of seven dietary factors. These adjusted alpha
values were used to assess significance, but all p-values reported herein are the raw,
unadjusted p-values.

Our study population was 20.8 to 22.5 (mean=21.7) years old in 2005 when blood TL was
measured (Table 1). Average household income and urbanicity scores were comparable
between males and females, but a substantially greater proportion of males were current or
former smokers compared to females.

Overall, the prevalence of underweight was greater than the prevalence of overweight in
most years among both males and females (Table 2), though this trend began to reverse in
2005 for males. Given the BMI z-score cutoffs for underweight and overweight of <-2 SD
and >1 SD, respectively [77], up to 20.4% of males and 18.7% of females were considered
underweight in any given year of childhood or adolescence, while no more than 6.4% of
males and females were considered in the overweight or obese categories during the younger
years. By early adulthood, still 14.9% of males and 33.0% of females were considered
underweight (BM1<18.5 kg/m2) but up to 19.3% of males and 14.6% of females could be
considered above “normal” weight at the suggested BMI cutoff of 23 kg/m?2 for Asian
populations [94].
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Consumption of animal products, processed bread products and sugar-sweetened beverages
remained low on average in this population (Table 3). Only about half of the population was
consuming at least one serving (85 g or 3 0z) of any kind of meat per day on average.
Similarly, only about 60% the population ate the equivalent of one slice of bread on a daily
basis. An even smaller proportion of the population (about 10%) was consuming an average
of one 8 0z serving of sugar-sweetened beverages on a regular basis. At the same time,
consumption of more traditional Filipino foods, other than rice, was also low. A mere 7%
and 12% of this population ate an average of one serving (85 g or 3 0z) or more of fish or
even a single serving (100 g or 3.5 0z) or more of fruits and vegetables, respectively.

As reported previously for this population [73] and in line with previous studies [76,85],
blood TL was, on average, shorter among males (f = —0.036, p<0.0001) and slightly shorter
with each additional month of age (B= —0.0035, p=0.015) in the simple baseline model
(Table 4). The strength of the relationship between age and blood TL was attenuated when
variables for average household income, average urbanicity score, and smoking status were
added to the baseline model. Average urbanicity score was significantly positively associated
with blood TL (B = 0.0028, p<0.0001), while average log-transformed income was,
intriguingly, significantly inversely associated with blood TL (f = —0.027, p<0.0001).
Controlling for these additional variables almost doubled the adjusted R? of the baseline
model.

No further substantial changes in the adjusted R? were observed when adding our main
adiposity or dietary predictors to any of the models (Tables 5 and 6). There was no evidence
in our study population of a linear or quadratic association between blood TL and BMI z-
scores or waist circumference measures in any of the models tested (p-values for all
likelihood ratio tests=0.10 without correction for multiple testing) (Table 5). Though the
linear and quadratic terms in Model 1B were suggestive of a curvilinear association between
blood TL and average waist circumference among males, the likelihood ratio test indicated
that the combined effect of the linear and curvilinear terms was not statistically significant,
particularly after adjustment for multiple comparisons.

Likewise, there was no evidence that any of the dietary variables examined were associated
with blood TL (Table 6). In the simple dietary model (Model 3A), most of the coefficients
were in the opposite direction of what we hypothesized, and there were no significant
associations (all p-values=0.3 without correction for multiple testing). In the fully-adjusted
model (Model 3B), and particularly in the fully-adjusted model that included interactions
with average BMI z-score (Model 3C), most of the coefficients were in the hypothesized
direction, but still none of the associations in these fully-adjusted models were significant
(all p-values 0.08 without correction for multiple testing). Only the interaction between non-
fried fish and average BMI z-score approached significance at an unadjusted alpha value (
for interaction = 0.031, p=0.02), but this would not be considered significant after
accounting for multiple comparisons. Finally, there was no evidence of a relationship
between groups of dietary variables and blood TL in the fully-adjusted model that included
all dietary variables together (Model 3D) (all Wald’s test p-values=0.68; likelihood ratio test
p-value=0.96).
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DISCUSSION

This study assessed the association between blood TL and measures of adiposity and pro-
and anti-inflammatory dietary factors among a young, non-Western population. The data
used for this study provided a unique opportunity to assess how diet across years of growth,
development, and rapid cellular turnover may impact TL of a generally low- to normal-
weight population. Contrary to expectations, we did not find evidence to support our
hypotheses that diet and adiposity levels during the childhood, adolescent, and early adult
years are associated with blood TL measured in early adulthood.

The results of the present study contrast with reports of inverse associations between blood
TL and obesity status or adiposity measures among children [57] and young adults [59,60],
as well as evidence for variable associations between adiposity and blood TL in males and
females [58,95]. This could arguably be due to the low proportion of overweight and obese
individuals in our sample, at least in comparison to the Finnish sample of young adults in
which 49% and 32% of males and females, respectively, were above the 25 kg/m?2 BMI
cutoff for normal weight [59]. Nonetheless, these results are consistent with other studies
that reported no associations between adiposity measures and TL among samples of children
[61], adolescents [62], and young adults [49], despite substantially higher average BMI
levels compared to those in our sample. These results can also be added to the larger body of
inconsistent findings between adiposity and TL among adults overall [as reviewed in 85,96],
even when considering primarily Western populations in which the prevalence of overweight
and obesity is considerably higher than in the Philippines.

Our null findings from the models testing the associations between blood TL and the
specific food categories of interest contrast with the one study of adolescents that found
significant inverse relationships between blood TL and white bread consumption [43]. They
also contrast with several studies among adult populations that reported inverse associations
between blood TL and red and/or processed meat [39,40], and soda consumption [40,44]
and positive associations between blood TL and consumption of fruit [40,46] and vegetables
[38,41,45].

Nonetheless, as few studies reporting significant diet-TL relationships take into account
multiple comparisons, the strength of those findings remains unclear. Overall, our null
findings are actually in agreement with a greater number of studies that found no association
between blood TL and fruits and vegetables assessed together [50,51] or separately
[39,43,48] and studies that found no association between fish consumption and blood TL in
fully-adjusted models [39,40,43,45,48]. No previous studies explored the relationship
between coconut oil and TL. However, considering the saturated fatty acid content of
coconut oil, the null results in the present study contrast with the two studies that found
inverse associations between consumption of all or specific saturated fatty acids and blood
TL among males [41] and females [42] but agree with other studies that found no
association between total saturated fat intake and blood TL [37,43,49,50]. There are no
previous studies exploring the relationship between fried and broiled/grilled animal products
and TL with which to compare the results of the present study, but there are several studies
that looked at consumption of meat in general and found no statistically significant
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associations with blood TL [43,45,48] or found associations only within specific sub-
populations [38].

Given that the nutrition transition was still in a relatively early stage at the time of data
collection, particularly in the rural areas of the Philippines [65], it may be that the diet of our
study population was not yet particularly pro-inflammatory or that consumption of the pro-
and anti-inflammatory foods investigated was not variable enough across individuals to
detect a marked association with blood TL. On the one hand, it was remarkable how
consistently low the intake of antioxidant-rich fruits and vegetables was in this young
Filipino population compared to reported intake levels of Spanish adolescents [43] and U.S.,
European, and Chinese adult populations [37,39,41,45,48,50]. On the other hand,
consumption of other common “Western” pro-inflammatory foods was also relatively low,
with the exception of processed meat, which was consumed at levels comparable to a U.S.
adult population in which inverse associations between processed meat and blood TL were
found [39]. Despite reports of increased soda consumption in the Philippines in recent
decades [63,65], average consumption of sugar-sweetened beverages was still only about a
quarter of the levels reported in a U.S. adult population in which a significant inverse
association between non-diet soda and blood TL was found [44] and about 10-50% lower
than consumption levels of another U.S. adult population [39] and the Spanish adolescent
population [43] in which no associations with blood TL were found. Similarly, average
consumption of bread and bread products was less than half that of the young Spanish
population in which significant associations between white bread and blood TL were
reported [43]. Though intake of added oils and fats among this Filipino population was
comparable to an elderly Chinese population in which a borderline (albeit sex-specific)
inverse association with blood TL was reported [48], coconut oil, the primary source of
added fat in the Filipino diet, may actually be relatively anti-inflammatory compared to
other saturated or unsaturated fats [31,32]. Moreover, the overall low caloric intake in this
population may be protective against inflammation and oxidative stress [97,98]. Caloric
intake in the earlier years was about half that of the Spanish adolescents, and at ages 20 to
22 it was lower, on average, than the energy intake of many U.S. and European adult
populations in which diet-TL relationships have been assessed [39,41,45,49,50]. In fact,
recent studies have demonstrated that this cohort of young Filipinos has, on average, lower
levels of inflammatory cytokines than age-matched controls from U.S. and European
populations [99,100].

Viewed alongside the generally negative findings in the literature, our data suggest that, at
least among younger and low- to normal-weight individuals, differences in adiposity may
not have a substantial impact on blood TL. Likewise, individual dietary components may not
have a meaningful impact on telomere integrity, at least when caloric consumption and
adiposity levels are otherwise low. Though there was little suggestion of an interaction
between dietary variables and average BMI z-score, the low proportion of overweight or
obese individuals may have limited the ability to detect this.

Some researchers have recently suggested that TL is not the biomarker of cumulative
inflammation and oxidative stress that it was previously thought to be and that, compared
with biological factors, lifestyle factors play a relatively minor role in determining TL
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[16,55,101]. However, given the characteristics of our study sample and several
methodological limitations, it remains unclear whether this is an explanation for the null
results of the analyses presented here. For example, given the low proportion of overweight
individuals and overall low levels of inflammation among this population, any effects of
adiposity on inflammation and, thereby, on blood TL may have been too small to detect with
our sample size. Similarly, considering the potential synergistic and antagonistic effects of
different dietary components [102] and the significant associations between blood TL and
both income and level of urbanization in our study sample, it may be that the overall
combination of physiological, dietary, lifestyle, and environmental factors matter more than
any individual factor. It may also take longer than we originally hypothesized for the
cumulative effect of diet and adiposity to become manifest as differences in blood TL.
Indeed, a number of studies that found no significant association between TL and individual
dietary factors among middle-aged and older adult populations did find significant
associations between TL and indices of overall healthy dietary or lifestyle patterns
[37,51,103].

Furthermore, given the known potential for measurement error when using g°PCR methods
[85,101] or attempting to measure the usual diet of either juvenile, adolescent, or adult
populations [82,104], we cannot rule out the possibility that statistical noise combined with
limited power may have precluded our ability to detect associations in this sample. However,
our MM@PCR measure of blood TL is well-validated and shows the expected magnitude of
associations with blood TL measured using the gold standard Southern Blot method, as well
as with age, sex, maternal blood TL, and paternal age [73,74]. Our sample size is also larger
than some other studies that reported associations between TL and diet or adiposity
[39,43,45,57,58]. Moreover, the multiple 24-hour recalls across time should have increased
the reliability of our dietary measures [105] and should have provided more accurate
measures of average dietary intake than the one-time food frequency questionnaires used in
almost every other known study on diet and TL.

Additional sources of variability and residual confounding may have come from factors
either not measured in this study or not controlled for in the analyses. Had we been able to
obtain measures of blood TL at two different time points, we would have been better
equipped to distinguish between variability in blood TL caused by inherited and early
biological factors versus variability in the actual rate of telomere shortening. Also, it is
intriguing that average household income was negatively associated with blood TL in our
study sample. These results are not necessarily contradictory to the mixed findings of other
studies [106]. However, these findings may indicate that other unmeasured socioeconomic,
lifestyle, environmental, and early development factors could be moderating the effect of
adiposity and diet on blood TL in our study population, and the effect of those factors may
differ across varying ecological circumstances.

In summary, this study found no evidence that individual dietary characteristics or measures
of adiposity across the childhood, adolescent, and early adult years are associated with inter-
individual variability in the blood TL of low- to normal-weight young adult Filipino males

and females. These results contribute to the existing body of mixed evidence for TL-diet and
TL-adiposity relationships and provide new information regarding specific food groups (e.g.
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grilled/fried meats and coconut oil) and adiposity measures across childhood and adolescent
years among a non-Western population. The null results of this and other studies suggest that
small differences in body composition and consumption of any single pro- or anti-
inflammatory dietary component may not have a meaningful impact on TL, or the impact
may differ depending on the broader set of nutritional, lifestyle, and environmental
circumstances. Diet and adiposity still undoubtedly play an important role in long-term
health and longevity, but telomere attrition may play a relatively minor role, if any, in those
specific causal pathways.
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Table 4

Baseline regression models (n=1459)

Page 21

Fully-Adjusted Baseline Model (Adjusted

Simple Baseline Model (Adjusted R?=0.04) R2=0.07)
B (95% CI) p B (95% CI) p
Age in 2005 (months) -0.0035 (-0.0063, —0.00070) 0.015 -0.0021 (-0.0050, 0.00073) 0.15
Sex (male) -0.036 (—0.053, —0.020) <0.0001 -0.043 (-0.063, —0.023) <0.0001
Age*sex interaction -0.0031 (-0.0068, 0.00070) 0.11 -0.0029 (-0.0067, 0.00082) 0.13
Principal component scores (PCS)
PCS1 -0.60 (-0.94, -0.26) 0.00 -0.45 (-0.79, -0.11) 0.0090
PCS?2 0.071 (-0.27, 0.42) 0.69 0.088 (-0.25, 0.42) 0.61
PCS3 0.17 (-0.18, 0.53) 0.34 0.12 (-0.23, 0.47) 0.50
PCS 4 0.088 (-0.26, 0.44) 0.62 0.033 (-0.31, 0.38) 0.85
PCS5 -0.12 (-0.46, 0.21) 0.47 -0.11 (-0.45, 0.22) 0.50
PCS 6 -0.073 (-0.42, 0.27) 0.68 -0.040 (-0.38, 0.30) 0.82
PCS7 -0.25 (-0.59, 0.09) 0.16 -0.18 (-0.51, 0.16) 0.30
PCS 8 0.24 (—0.098, 0.58) 0.16 0.22 (-0.10, 0.55) 0.18
PCS9 0.018 (-0.32, 0.35) 0.92 -0.13(-0.47,0.21) 0.44
PCS 10 0.41 (0.065, 0.75) 0.020 0.38 (0.043, 0.71) 0.027
Ln(average income 1983-2005) —-0.027 (-0.041, —0.012) <0.0001
Average urbanicity score (1983-2005) 0.0028 (0.0021, 0.0035) <0.0001
Smoking status:
Current smoker 0.012 (-0.010, 0.035) 0.28
Former smoker 0.0094 (-0.011, 0.030) 0.37
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Table 5

Relationship between adiposity measures and blood TL among males and females 4

Males (n=850) Females (n=609)
B (95% Cl) pb B ©5%CI pb
MODEL 1A
Average BMI 1991-2005
Linear term 0.0015 (-0.013, 0.016) 0.84  0.0022 (-0.019, 0.024) 0.84
Quadratic term -0.0013 (-0.0079, 0.0053) 0.71  0.0078 (-0.0036, 0.019) 0.18
Likelihood Ratio Test 0.82 0.20
MODEL 2A
BMI z-score 1991 -0.0011 (-0.017, 0.015) 0.90 -0.0025 (-0.024, 0.019) 0.82
BMI z-score 1994 -0.0076 (-0.023, 0.0079) 0.34 0.019 (-0.0032, 0.042) 0.09
BMI z-score 1998 0.00061 (-0.021, 0.019) 0.95 -0.014 (-0.04, 0.013) 0.31
BMI z-score 2002 0.014 (-0.0055, 0.034) 0.16 -0.0078 (-0.036, 0.020) 0.59
BMI z-score 2005 -0.0012 (-0.017, 0.014) 0.88 -0.0055 (-0.029, 0.018) 0.64
Likelihood Ratio Test 0.63 0.35
MODEL 1B
Average waist circumference 199120052
Linear term 0.0029 (0.000088, 0.0056) 0.04 -0.0012 (-0.0037, 0.0013) 0.34
Quadratic term -0.00012 (-0.00022, — 0.000017) 0.02  0.00013 (-0.000073, 0.00033) 0.21
Likelihood Ratio Test 0.10 0.37
MODEL 2B
Waist circumference 1998 € 0.0012 (-0.00203, 0.0044) 0.47  -0.00048 (-0.0043, 0.0034) 0.81
Waist circumference 2002 € -0.00085 (-0.0045, 0.0028) 0.64 -0.00081 (-0.0046, 0.0030) 0.68
Waist circumference 2005 € 0.00056 (-0.0018, 0.0029) 0.64  0.00038 (-0.0025, 0.0033) 0.80
Likelihood Ratio Test 0.74 0.90

a . . . ’ . .
All models control for mean-centered age in 2005 (in months), sex, the interaction between age and sex, log-transformed average inflation-
adjusted income from 1983 to 2005, average urbanicity score from 1983 to 2005, smoking status (current, former, and never smoker), and ten

principal component scores of genome-wide data.

bAII p-values are raw, unadjusted p-values. Significance levels in these models are set at an adjusted alpha value of 0.0125.

c . S . . .
All models with waist circumference further controlled for mean-centered height and mean-centered age in each of the measurement periods.

Eur J Nutr. Author manuscript; available in PMC 2018 February 01.



Page 23

Bethancourt et al.

"G00Z 01 TE6T W0y 8100S-Z NG a6e1ane pue sa|geLieA AJelaIp [enpIAIpUI UsaMIag UoRdeISIUL Bunse) [apow umz_._cm.\ﬂ__:n_.Q

"(JOWS Janau pue ‘Jawioy ‘JUs.1INd) snyels Bupjows pue ‘500z 03 86T WOy
81095 ANo1uegIn abeiane ‘00z 03 £86T WOJ) awodul paisnipe-uoneyul abesane pawiojsuell-Hoj 01 uonippe ul e [9POIA Ul |[e 1oy Buljjosiuod Ajfenpiaipul ajqerien Arelaip yoes Buss) japow paisnipe-Ajin4

q

'G00Z 01 ¥66T WOJ) S31I0[ed0| 1y afielane paisjusd-ueslu pue ‘erep apim
-awouah Jo $8102s Jusuodwod fedidurd us) ‘Xas pue afe UsaMmiaq UOIIIRIBIUI BY) ‘X3S ‘(Syluow ut) GO0z Ul abe palsjusd-ueaw Joy Buijjosauod Ajuo Ajjenpiaipul ajgerten Alesip yoes Burisal [apow m_gE_mm_

960 $1030B} AJelalp paulquio)
1S3 o1ey pooylIMI
680 sabedanaq paualaams pue pealg
590 sa|qeraban pue ysi
usty
IZN0] pue Yeaw paliy/paj(1b ‘Jesw passadoid
SISaL S.plem
0.0 (08000 ‘210°0-) 02000~ NG YIM uonoeIsi|
GL0 (270°0 '0600°0-) LT000  ¥6°0 (€70°0 '¥T0°0-) 250000~ 98°'0  (TTO'00 'G600°0-) 0TO0'0  ¥8°0 (2710°0 '5600°0-) TT00'0 (z0 v) aain( pue syurIp 4os
250 (#8000 2L10°0-)1$00 0~ ING yum uonoessiuy
GL0 (ST0°0 'TT0°0-) T2000  S8°0 (ST0°0'810°0-) 9T00°0- L0 (¥70°0 'TT0°0-) 6T000  0E0 (670°0 '6500°0-) 8900°0 (6 09) s1onpoud pealq e peaig
990  (v0600°0 '20£00°0-) ¥200 0~ NG YHM UOHoRISILY
80 (¥70°0 '€500'0-) EV000  LL'0 (T€T0°0 '8600°0-) 02000 6€0 (V100 '¥S00°0-) TOO'0  Lv'0 (09000 ‘€70°0-) GE00'0- (6 0g) sa1qershen pue sunJ
180  (p0600°0 20/00°0-) 01000 NG UM uonoeIsi|
290 (¥70°0 '€800°0-) 82000 8.0 (T€T0°0 '8600°0-) 97000  98'0  (TT0'00 'S600°0-) TOO'0 690 (€70°0 '€800°0-) T200°0 (6G) 110 INU020D
200 (2500 '9v00°0) 1€0°0 ING yum uonoessiuy
€L0 (820°0 '020°0-) 27000 800 (250°0 '1€00°0-) L2000 S9°0 (620°0 '8T0°0-) ¥S00'0 580 (T20°0 '920°0-) €200°0- (6.05) sy patay-uoN
590 (8£00°0 2200°0-) 51000~ NG YHM UOHoRISILY
87’0 (25000 ‘210°0-) 2€00°0-  LEO (¥500'0 '€T0°0-) 0v00'0-  S¥'0  (1S00°0 ‘'TT0°0-) TEO0'0- 160  (8L00°0 '2800°0-) 70000~ (6 05) usl 7® Teaw paly//pa||IiD
990 (€100 ‘'T20°0-) 8500 °0- NG YIM uonoessi|
8.0 (ST0°0 '020°0-)5200°0- TS0 (¥10°0 '820°0-) 22000~ 190 (ET0°0 '220°0-) 9¥00'0- 960 (870°0 '£T0°0-) 87000°0 (6 05) Te8W passadnid
S7'0  (¥100°0 ‘2€000°0-)68000°0- (1e2% 00T) saLI0[eD
5d (10%s6) d od (1o %se) d ,d (10 %se) d ,d (10 %s6) ¢
p € T3A0ON 50€ 13A0ONW q 8¢ 13a0NW e V€ T3A0ON
(6G¥T=U) 1L poo|q pue si0)oey Areaip usamiag diysuone|ay
9 3|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Nutr. Author manuscript; available in PMC 2018 February 01.



Page 24

Bethancourt et al.

“7200°0 40 anjea eydje paisnipe ue e 18s aJe S|apow 8say) Ul S|aAs| 8duedlIubIS “sanfea-d paisnipeun ‘mes are sanjea-d I,

‘|[apowW awes ay} Ul Jay1abo) sajqelien Aselaip [ Bunssl jspow cm“w:_um->__3u_n

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Eur J Nutr. Author manuscript; available in PMC 2018 February 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study participants
	Measurement of TL
	Assessment of adiposity
	Assessment of diet
	Statistical analyses

	RESULTS
	DISCUSSION
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

