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ABSTRACT 
Context: Research has linked adverse childhood experiences (ACEs) with chronic disease 

in adults and diminished life span. Adverse biological embedding of ACEs potentially oc-
curs through inflammatory mechanisms; inflammatory marker alterations are identified as 
candidate biomarkers for mediating health consequences. Lifestyle practices of residents of 
California’s Loma Linda Blue Zone, one of five worldwide longevity hotspots, may provide 
insight into inflammation remediation and chronic disease prevention. Little research has 
been done on centenarians’ early-life experiences or on ACEs in a longevity community. 

Objective: To interview centenarians and seniors in this region regarding their childhood 
experiences to inform chronic disease prevention frameworks. 

Design: Qualitative study of Loma Linda Blue Zone community members. Childhood 
exposures and practices were assessed using focus groups and semistructured key informant 
interviews, with open-ended questions on general hardships and ACEs and supplemented 
with lifestyle and resiliency factor questions. Data were audiorecorded and transcribed. 
Integrative grounded theory methods guided coding and theming.

Main Outcome Measures: Exposure to ACEs and practice of resiliency factors.
Results: Participants (7 centenarians and 29 seniors) reported exposure to multiple ACEs 

(domains: Economic deprivation, family dysfunction, and community violence). Community 
members reported practicing resiliency factors, each with anti-inflammatory properties 
suggesting mitigation of ACE-related toxic stress. 

Conclusion: This is one of the first studies of its kind to identify a community of resilient 
members despite their tremendous burden of ACEs. Embedding the identified resiliency 
factors into chronic disease prevention frameworks has potential for mitigating systemic 
inflammation, alleviating chronic disease burden, and promoting a culture of health. 

INTRODUCTION 
Chronic diseases are a major contribu-

tor to morbidity, mortality, and decreased 
quality of life and have become a national 
public health crisis.1,2 A growing body of 
scientific evidence has linked environ-
mental exposures and stressors in early 
life with the development of adult chronic 
diseases, ultimately decreasing life span.3,4 
Since the landmark Adverse Childhood 
Experiences (ACEs) Study, researchers 
have associated early-life adverse stress 
inflicted by extreme poverty, parental 

mental illness or incarceration, abuse, 
community violence, and other adverse 
experiences to later manifestations of 
diabetes, mental illness, cancer, chronic 
pulmonary disease, cardiovascular disease, 
obesity, and premature mortality.5-8 Left 
unabated, frequent or extreme activa-
tion of the body’s stress response system 
can become toxic, and in the absence of 
protective mechanisms, lasting adverse 
biological changes can occur.9

Researchers postulate that the em-
bedding of adverse biological changes 

associated with toxic chronic stress, such 
as those associated with ACEs, may be 
through inflammatory mechanisms; a 
growing body of research supports this 
theory.10-12 Furthermore, the inflam-
matory processes may commence in 
early-life as studies have revealed the 
ACE-associated increase in systemic in-
flammatory markers (C-reactive protein 
[CRP], fibrinogen, and proinflammatory 
cytokines) and biological changes already 
evident in childhood.11,13 Alterations in 
inflammatory markers are now identified 
as candidate biomarkers for mediating 
the health consequences associated with 
childhood adversities and subsequently 
improving healthy longevity.11 

Insight to reduce the growing preva-
lence of chronic diseases may be found in 
key communities around the world where 
individuals have exhibited increased resil-
ience and longevity. As researchers have 
identified the link between ACEs and 
health in adulthood, assessing hotspots 
with increased healthy longevity makes 
logical sense.3 Resilient centenarian and 
senior members of longevity hotspot com-
munities may have experiences in child-
hood but are able to mitigate ACE-related 
biological changes. Around the world, five 
communities—Sardinia, Italy; Nicoya, 
Costa Rica; Okinawa, Japan; Ikaria, 
Greece; and Loma Linda, CA, US—have 
been identified as “Blue Zones,” or lon-
gevity hotspots where members tend to 
live healthier and longer.14-20 

The only Blue Zone identified in North 
America, and therefore having important 

Rhonda Spencer-Hwang, DrPH, is an Associate Professor at the Center for Community Resilience in the School of Public Health at Loma Linda University 
in CA. E-mail: rspencer@llu.edu. Xochitl Torres, MPH, is a Research Associate at the Center for Community Resilience in the School of Public Health at Loma 

Linda University in CA. E-mail: xtorres@llu.edu. Johanny Valladares, MBA, is a Research Associate at the Center for Community Resilience in the School 
of Public Health at Loma Linda University in CA. E-mail: jvalladares@llu.edu. Marco Pasco-Rubio, MPH, is a Research Associate at the Center for Community 

Resilience in the School of Public Health at Loma Linda University in CA. E-mail: mpascorubio@llu.edu. Molly Dougherty, is a Research Assistant at the Center 
for Community Resilience in the School of Public Health at Loma Linda University in CA. E-mail: mdougherty@llu.edu. Wonha Kim, MD, is an Assistant 

Professor of Pediatrics and Preventive Medicine at the Loma Linda University School of Medicine and Director of the Health Policy and Leadership  
Institute at Loma Linda University in CA. E-mail: wonkim@llu.edu.



2 The Permanente Journal/Perm J 2018;22:17-146

ORIGINAL RESEARCH & CONTRIBUTIONS
Adverse Childhood Experiences among a Community of Resilient Centenarians and Seniors: Implications for a Chronic Disease Prevention Framework  

implications for health throughout the 
US, is composed of Seventh-day Ad-
ventists, a religious group known for its 
healthy lifestyle. Adventists tend to con-
sume a greater vegetarian diet and refrain 
from using tobacco, alcohol, and illegal 
substances. Through one of the largest 
lifestyle cohort studies, the Adventist 
Health Study, researchers at Loma Linda 
University found lifestyle habits linked 
with an overall improvement in life 
expectancy that is significantly greater 
than that for the general US population 
as well as a reduction in chronic health 
conditions, especially those associated 
with states of chronic inflammation such 
as diabetes, obesity, metabolic syndrome, 
high blood pressure, and cardiovascular 
disease.19,21-25 The increased healthy lon-
gevity of this population may have major 
implications for health promotion, espe-
cially with disease prevention founded in 
early childhood. 

Currently, limited research has been 
conducted assessing childhood experiences 
and exposures among centenarians, and to 
our knowledge, no such research has been 
conducted assessing ACEs or the poten-
tial for mitigating ACE-related adverse 
changes.26,27 With a history of significant 
longevity, the Loma Linda Blue Zone 
(LLBZ) community may provide a unique 
perspective for chronic disease prevention. 
Thus, the purpose of this research study 
was to obtain in-depth information from 
LLBZ centenarians and seniors about 
their childhood experiences and exposures 
and to provide insight for chronic disease 
prevention framework.

METHODS 
We conducted a qualitative study us-

ing grounded theory methods from No-
vember 2015 through January 2017 and 
included 25 key informant interviews 
(KIs), 2 focus groups, and analysis of a 
centenarian’s published memoir to gain 
insight into the childhood experiences of 
LLBZ members.28 The study was approved 
by Loma Linda University’s institutional 
review board. 

Participant Recruitment  
and Inclusion Criteria

Eligible participants were approached 
at various areas around the city, including 

community fairs, faith-based events, a 
local gym, and senior living facilities. In-
terested participants were later contacted 
by telephone to arrange an interview 
and to provide consent for participation. 
Participants were included in the study 
if they currently reside in the City of 
Loma Linda and were affiliated with the 
Seventh-day Adventist community. 

Key Informant Interviews and Focus Groups
KIs of 7 centenarians and 18 seniors, 

with a high participation rate (100% 
centenarians and 98% seniors), were 
conducted using a semistructured guide 
with open-ended questions on adversity 
and hardship as well as positive experi-
ences or resiliency factors (RFs) in their 
childhood. General ACE thematic areas 
were similar in nature to thematic areas 
of the ACE International Questionnaire 
(ACE-IQ).29 Resiliency factors are defined 
as factors that support adapting well in 
the face of adversity, stress, trauma, and so 
forth, and research studies have tended to 
focus on the psychosocial constructs, such 
as caring and supportive relationships.30 

In addition to the psychosocial aspects, 
we assessed healthy lifestyle practices (ie, 
diet, rest, time outdoors) as RFs. Inter-
views were conducted by trained bilingual 
(English and Spanish) facilitators and 
lasted between 30 and 50 minutes. Find-
ings from KIs informed development of 
the validation focus group guide. Con-
firmatory focus groups (n = 2) were con-
ducted among seniors (n = 11) by trained 
bilingual facilitators, which took place 
on the Loma Linda University campus 
and lasted between 60 and 90 minutes. 
Focus groups and the KI interviewees 
were mutually exclusive groups, and 
all were audiorecorded and transcribed 
verbatim. Excerpts from one centenar-
ian’s published memoir were collected 
and included in the data for coding and 
analysis.31 Sample size was determined 
using thematic saturation.

Qualitative Analysis
Once transcribed, textual data were 

analyzed using the constant compara-
tive method to develop a grounded 
theory model for our study. To ensure 

Table 1. Demographic characteristics of Loma Linda Blue Zone study participants
 
Characteristic

Total  
(N = 36), no. (%)

Centenarians  
(n = 7), no. (%)

Seniors  
(n = 29), no. (%)

Age category, years
65-69 6 (7) — 6 (21)
70-79 11 (31) — 11 (38)
80-89 5 (14) — 5 (17)
90-99 7 (19) — 7 (24)
≥ 100 7 (19) 7 (100) —
Sex
Men 11 (31) 2 (29) 9 (31)
Women 25 (69) 5 (71) 20 (69)
Race/ethnicity
African American 2 (5) 0 (0) 2 (7)
Asian 6 (17) 1 (14) 5 (17)
White 22 (61) 4 (57) 18 (62)
Hispanic-Latino 6 (17) 2 (29) 4 (14)
Country of origin 
US 23 (63) 2 (29) 21 (72)
Canada 3 (8) 2 (29) 1 (3)
Argentina 2 (6) 1 (14) 1 (3)
Colombia 1 (3) 1 (14) 0 (0)
China 2 (6) 1 (14) 1 (3)
Malaysia 3 (8) 0 (0) 3 (10)
Lebanon 1 (3) 0 (0) 1 (3)
Germany 1 (3) 0 (0) 1 (3)
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systematic data analysis, an iterative 
process of individual-level review and 
group-level review and interpretation was 
implemented with a multidisciplinary 
team. After team consensus on the final 
codes, coding continued with transcrip-
tions and the centenarian’s memoir until 
thematic saturation was reached. Themes 
were further refined by multiple readings 
of the transcripts and memoir, and con-
sensus was reached on the final themes 
through group discussion of the data. 
After analysis, participants were invited 
to a presentation on the study findings 
and subsequently approved our themes 
and model. 

Adverse Childhood Experiences  
and Resiliency Factors Score

Participants were defined as exposed to 
an ACE or an RF if they reported an ad-
verse or resiliency experience that occurred 
in the first 17 years of life. A total ACE 
and RF score was calculated by summing 
the number of categories with an ACE 
or resiliency-promoting factor to which 
a participant was exposed. The number 
of ACEs ranged from 0 (no exposure) to 
11 (all categories exposed); RFs ranged 
from 0 (no exposure) to 8 (all catego-
ries exposed). Descriptive statistics (eg, 
percentages) were used to describe study 
participants as well as ACEs and RFs.

RESULTS
Centenarian and Senior Characteristics

In total, 36 participants (7 centenarians 
and 29 seniors) provided data on ACEs 
and RFs. Ages ranged between 65 and 
102 years; most were women, US born, 
and white (Table 1). However, although 
more centenarians were white (57%), 
just 29% were born in the US. All the 
centenarians had lived in Loma Linda 
for 50 years or longer, except for one 
who had lived 5 years in the community. 
Centenarians lived by themselves (14%), 
with family members (57%), or at inde-
pendent living facilities (29%). Addition-
ally, all centenarians appeared in good 

Table 2. Adverse childhood experiences (ACEs) among Loma Linda Blue Zone study participants
 
ACE domain

ACE 
subdomain

 
Participant quotes

Total 
(N = 36), no. (%)

Centenarians  
(n = 7), no. (%)

Seniors  
(n = 29), no. (%)

Economic 
hardship

Food 
deprivation

“We had some hard times to the point where we were barely 
surviving, and I know what it is to eat oatmeal 3 times a day.”

16 (44) 7 (100) 9 (31)

Low 
household 
income

“So, we were a family of 6 children, and farming was not a very 
good income. I grew up under very limited circumstances. My 
folks didn’t have money to pay for me [my upkeep].”

19 (53) 7 (100) 12 (41)

Family 
dysfunction

Loss of 
parent

“My parents died, so I was with my grandmother on the streets 
and not knowing anything. Grandmother raised me for a few 
years, and then she died. After that it was horrible because 
nobody [would] take care of me.”

7 (19) 4 (57) 3 (10)

Loss of 
sibling

“Well, my brother one day he felt really, really bad, and the 
doctor came to our house, and [my brother] had meningitis; he 
died on Christmas Day. I had a sister, Helen, and she died; it 
was [due to] kidney failure.”

2 (6) 0 (0) 2 (7)

Family 
separation

“And he—father—was drafted at 51 by the German military, and 
that was in ’44. He was placed in a camp when the war ended, a 
[prisoner-of-]war camp in Belgium.”

16 (44) 5 (71) 11 (38)

Parental 
addiction

“My mother was a smoker and she was a gambler too. So much 
debt and owing people money that my dad had to go to extra 
work to take care of the children and pay the debts off.”

3 (8) 0 (0) 3 (10)

Parental 
mental 
illness

“My mom, I am sure she had a nervous breakdown. I was in 
the first grade, so I was 6 years old at the time. I had just gone 
2 months in, and she took me out of school to be with her 
because she was so lonely.”

2 (6) 1 (14) 1 (3)

Parental 
physical 
abuse

“When I grew up, I was down, you see because I came from 
very poor family and I was very poor in school. No achievement. 
I used to be beaten up and never wanted to open my mouth. If 
I have something [to eat], I am afraid to eat it because I should 
leave it alone or else … .”

2 (6) 1 (14) 1 (3)

Parental 
mental abuse

“Her centenarian mother remarried when she was very young, 
and her stepfather was very abusive … physically and mentally. 
He was just not very good to them, and that is just how it was.”

5 (14) 3 (43) 2 (7)

Community 
violence

Witness to 
violence

“He—teacher—hit a girl with a stick so hard that he broke her 
fingers. The parents just said if they don’t want to learn, beat 
them; it was very bad. We had to go through everything [they 
witnessed and experienced physical and mental abuse].”

5 (14) 3 (43) 2 (7)

Refugee 
status

“We were refugees when I was 4. We had to flee and move 
around in China because of the invasion by Japan. During 
childhood we were quite poor.”

1 (3) 0 (0) 1 (3)
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overall health without report of chronic 
illness and reported regular involvement 
in social activities. Sixty-two percent of 
the senior participants were white, and 
most (72%) were born in the US. A high 
percentage were well on their way to be-
coming centenarians themselves. Similar 
to centenarians, seniors were active and 
independent.

Qualitative Themes
Adverse Childhood Exposures

Through qualitative analysis of the 
transcriptions, 3 domains (economic 
hardships, family dysfunction, and com-
munity violence) and 11 subdomains of 
adversity emerged (Table 2 and Figure 1). 
The economic hardships subdomains in-
cluded food deprivation and low house-
hold income. The family dysfunction 
subdomains included loss of parent, loss 
of sibling, family separation, parental ad-
diction, parental mental illness, parental 
physical abuse, and parental mental 
abuse. Last, the community violence 
subdomains included refugee status and 
witnessing violence. 

Among all study participants, the 
most reported adversities included low 
household income (53%), food depriva-
tion (44%), and family separation (44%). 
Nearly all participants experienced 
profound economic disadvantage that 
hindered food security, access to educa-
tion, and health care, and increased their 
odds of losing family members. Most 
participants (70%) had an ACE score of 
at least 1, and 36% had an ACE score of 
4 or greater. Among centenarians, 86% 
reported an ACE score of 4 or more. All 
centenarians reported low household in-
come and food deprivation; their families 
were subsistence farmers with extremely 
limited resources. The second most re-
ported ACE included family separation 
(71%), followed by loss of a parent (57%) 
caused by death or abandonment. A total 
of 43% reported parental mental abuse 
and felt their parents lacked love, sup-
port, parenting, and guidance. Similarly, 
43% reported witnessing violence in their 
communities in the form of exposure to 
beheadings and war activities. Most se-
niors (63%) had at least 1 ACE, and 25% 

reported 4 or more. Seniors reported hav-
ing grown up in various socioeconomic 
backgrounds and parental education 
levels, and experiencing low household 
income (41%), family separation (38%), 
and food deprivation (31%) mainly dur-
ing War World II, other regional wars, 
and the Great Depression in the US. 
Resiliency Factors

During analysis of the RFs, 8 themes 
emerged of childhood practices that were 
sustained across centenarians’ and seniors’ 
life spans (Table 3 and Figure 1). The 
themes included kinetic life, spiritual prac-
tices, a helping hand, family and friends’ 
camaraderie, nature engagement, resting 
reset, simple foods, and hopeful intrinsic 
drive. Nearly all study participants (88%) 
scored 4 or more RFs, and 39% had 7 or 
more. The most reported resiliency prac-
tice among all participants was family and 
friends’ camaraderie (83%). Participants 
noted strong and long-lasting social bonds 
with family members (mainly siblings) 
and friends, and reported that these rela-
tionships offered emotional support and 
understanding in times of adversity. The 
second most commonly cited practice 
was kinetic lifestyle (80%); participants 
described an outdoor lifestyle immersed 
in physical activity from dawn to dusk. 
Centenarians and seniors from farm-
ing families raised livestock, gardened, 
baked, and cared for younger siblings 
for the most part of the day. Addition-
ally, centenarians reported daily walks 
(2-3 hours) to school, a nearby town, a 
neighbor’s house, and church. Seniors 
raised in urban settings also walked 
daily to school, experienced long hours 
of outdoor play, and weekly nature hikes 
with their family and friends. Spiritual 
practices (78%) were also very common; 
most participants described involvement 
in family worship activities and com-
munity participation through regular 
church/temple attendance and involve-
ment in church ministries. Participants 
expressed diverse faith traditions during 
their early years of life. Consumption 
of simple foods was noted in 75% of 
participants, with home-grown foods, 
including abundance of vegetables and 
fruits, and limited meat. Their diets were 
modest, affordable, and mainly prepared 
at home. Regarding nature engagement 

Figure 1. Percentage of Adverse Childhood Experiences (ACEs) and Resiliency Factors (RFs) for Loma Linda  
Blue Zone (LLBZ) study participants.
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for study participants (75%), especially 
those from rural villages or farming 
backgrounds, “nature” was a way to earn 
a living: Working the soil to grow food 
and raising cattle to sustain their families 
but also as an outlet for enjoyment. For 
seniors from urban communities, nature 
was explored and enjoyed with family 
and friends, a time for fun, exercise, and 
relaxation. Participants described routine 
sleeping habits, with at least 8 hours of 
sleep each day (resting reset, 69%). They 
commonly held the belief that their ac-
tions would result in positive outcomes 

in their life (hopeful intrinsic drive, 53%), 
and they regularly helped others with work 
(helping hand, 36%).

By study group, all centenarians were 
exposed to 6 or more RFs, and 58% of 
seniors noted exposure to 6 or more RFs. 
Like centenarians, seniors’ exposure to 
family and friends’ camaraderie (79%) 
was the highest, followed by kinetic life 
(76%), spiritual practices (76%), nature en-
gagement (69%), and simple foods (69%). 
Last, participants reported overlap on RF 
exposure and practice as they engaged in 
various factors concurrently. For example, 

although they indicated time in nature, 
they also cited participation in physical 
activity and friends’ camaraderie. 

DISCUSSION
Our study findings not only support 

the identification of resilient individuals 
but also, to our knowledge, are the first to 
identify a community of resilient mem-
bers despite their tremendous burden of 
ACEs. The RFs practiced in childhood 
remained present across their life spans 
and addressed multiple health domains 
(ie, mental, physical, spiritual, social). 

Table 3. Resiliency factors practiced by Loma Linda Blue Zone study participants
 
Resiliency 
factor

 
 

Description

 
 

Participant quotes

Total  
(N = 36),  
no. (%)

Centenarians  
(n = 7),  
no. (%)

Seniors  
(n = 29),  
no. (%)

Kinetic life A lifestyle immersed in 
activities that require 
physical movement from 
early in the morning to 
evening

“I will give you a day in my life as a boy. I had to get up in the morning 
and go find the cows, and our place will be half a mile or so in 
dimension, so the cows will be away some place in the bush. Then 
you have to milk the cows and separate the milk, then eat breakfast, 
and then go to school. Now, going to school consisted of walking 2 
miles … so, you’d be up in the morning at 5:30 or 4.” 

29 (80) 7 (100) 22 (76)

Spiritual 
practices

Familial faith-based 
values, traditions, and 
practices instilled since 
childhood

“I will never forget, she—mother—made me kneel down by the bed 
before we sleep, so she taught me a prayer, and I repeated that 
prayer for many, many years. And up to now I still kneel beside my 
bed before I go to sleep. And she brought us to church and made 
sure that we read the Bible stories.”

28 (78) 6 (86) 22 (76)

Helping hand Charitable acts and 
altruism practiced in 
early life

“Our grandfather bought a house in town, next to the church. 
The teachers used to live in that house as well as children; we 
[centenarian and siblings] cooked and cleaned so that those kids will 
have a good place to stay.”

13 (36) 4 (57) 9 (31)

Family and 
friends’ 
camaraderie

Network of meaningful 
and lasting relations that 
provide support and value

“… we still remember each other from when we went to elementary 
school; in fact, some of my classmates are still my friends. I saw 3 of 
them this morning.”

30 (83) 7 (100) 23 (79)

Nature 
engagement

Extensive exposure 
to natural and outdoor 
environments

“We spent lots of time in nature, and we would go pick huckleberries 
up in the mountains and swim in the lake. Even when we were 
working, we would pick apples from apple orchards and run and play 
and do things like that.”

27 (75) 7 (100) 20 (69)

Resting reset Weekly day of rest away 
from routine activities to 
rejuvenate physically and 
mentally with family and 
friends; and regular sleep 
patterns of at least 8 hours 
of rest at routine times

“Sabbath afternoon we looked forward to. My brothers went 
horseback riding. I did too, and it was just the time to be outside if we 
possibly could be. We went to a mountain about a half an hour from 
us, and we picnicked … there was always a place to go outside, be 
together, and picnic and that sort of thing.”

25 (69) 7 (100) 18 (62)

Simple foods A homegrown and 
home-cooked diet high 
in vegetables and fruits 
with none or limited meat 
intake 

“We lived on a farm, and my mother baked great! She baked fresh 
bread, and we had lots of vegetables because my mother had a 
garden. We had fresh stuff all the time. She canned food in jars 
so in the winter time we had these things … no artificial anything; 
everything was good, simple food.”

27 (75) 7 (100) 20 (69)

Hopeful 
intrinsic drive

Positive thoughts 
that one’s actions will 
improve outcomes in life/
experiences

“A person has to bear in mind that you can’t allow circumstances to 
shape what your ultimate goal is. … [I’d] been out of school about 1 
year or 2, no money, nothing, and I was just walking alone one day, 
and I just got to thinking about the fact that I really wanted to be a 
doctor. I [didn’t] have any means, but I really wanted to be a doctor, 
and so I made up my mind to do so.”

19 (53) 7 (100) 12 (41)
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Their lifestyle was simple; they tended 
to live a more kinetic life, heavily engaged 
in nature and with many RFs practiced in 
tandem. Although the study participants 
endured tremendous childhood hardships 
with numerous ACEs, they were remark-
ably resilient, especially the centenarians. 
Evidence shows that ACEs are a major 
contributor to morbidity and mortality in 
adults with dose-response relationships 
between the number of ACEs and chronic 
diseases.5,32 With the strong relationship 
between ACEs, toxic stress, and adverse 
health outcomes, the question arises as 

to how the LLBZ community members, 
especially the centenarians, are able to 
achieve such resilient longevity despite 
enduring tremendous childhood adversity. 

Anti-inflammatory Properties
One important concept to consider re-

garding the longevity and resilience of the 
LLBZ is that each RF (kinetic life, spiritual 
practices, helping hand, family and friends’ 
camaraderie, nature engagement, resting 
reset, simple foods, and hopeful intrinsic 
drive) practiced by LLBZ centenarians 
and seniors has been found in independent 

studies to have anti-inflammatory prop-
erties (Table  4).33-54 Overall, the LLBZ 
community members lived a highly physi-
cally active life, and numerous independent 
studies have shown that this type of activ-
ity is significantly linked to a reduction 
in systemic inflammatory markers.42-44 In 
general, it is well known that increased 
systemic inflammation is a risk factor for 
increase in chronic diseases and reduc-
tion in life span.55-58 The practice of these 
health principles since early childhood may 
have afforded the centenarians and seniors 
enhanced ability to counter the effects of 

Table 4. Loma Linda Blue Zone resiliency factors and independent study results identifying association with reduction in 
inflammatory markers
Resiliency 
factor

 
Author, year

Inflammatory  
markers

 
Independent study findings

Family and 
friends’ 
camaraderie

Turner-Cobb et al,33 2000 Cortisol Quality in social relationships associated with significantly lower cortisol levels
Costanzo et al,34 2005 IL-6 Social support significantly associated with lower levels of IL-6
Yang et al,35 2005 IL-6, fibrinogen, CRP, 

ICAM-1, E-selectin
High family social strain associated with significant increase in IL-6 and fibrinogen 
and with overall inflammation burden (index variable created from all 5 markers)

Kiecolt-Glaser et al,36 2005 IL-6 and TNF-α Hostile marital interactions associated with stronger acute increase in 
proinflammatory markers (IL-6 and TNF-α) 

Helping hand Schreier et al,37 2013 IL-6 Volunteer time associated with significant decrease of IL-6, cholesterol, and BMI 
measurements 

Fuligni et al,38 2007 IL-6 and CRP Greater sense of fulfillment in helping others associated with significantly lower 
IL-6 and CRP levels

Hopeful intrinsic 
drive

Puig-Perez et al,39,40 2017, 2015 Cortisol Optimism related to significantly lower daily cortisol levels and faster cortisol 
recovery after stressful experiences

Roy et al,41 2010 IL-6 and CRP Optimism significantly linked with lower IL-6; pessimism significantly related to 
higher IL-6 and CRP levels

Kinetic life Hopps et al,42 2011 CRP, IL-6, IL-1β,  
and TNF-α

Physical activity associated with significant decrease in CRP, IL-6, IL-1β, and 
TNF-α levels

Autenrieth et al,43 2009 CRP and IL-6 Physical work and transportation (cycling/walking) to work associated with lower 
levels of CRP and IL-6

Reuben et al,44 2003 CRP House/yard work associated with significantly lower risk of elevated CRP levels
Nature 
engagement

Li,45 2010 Cortisol Forest outing trips associated with significant decrease in salivary cortisol levels 
Roe et al,46 2013 Cortisol Higher green space in urban city spaces associated with significant decreased 

stress and cortisol levels 
Guillot et al,47 2010 CRP Vitamin D (major source is sunlight exposure) associated with significant 

decrease in CRP levels
Resting reset Okun et al,48 2011 IL-6 and TNF-α Routine sleep practices associated with significantly lower plasma levels of 

proinflammatory markers 
Lin et al,49 2012 IL-6 Leisure mental activities, including reading, attending lectures, and playing cards, 

were associated with significantly lower levels of IL-6
Simple foods Nettleton et al,50 2006 CRP, IL-6 Whole grains, fruits, nuts, and green leafy vegetables inversely associated with 

significantly lower CRP, IL-6, and homocysteine levels
Hodgson et al,51 2007 CRP Unprocessed lean meat intake associated with significantly lower trends of CRP 

concentrations
Ciardi et al,52 2012 IL-6 Food supplements, preservatives, and colorants associated with significantly 

increased levels of IL-6 and decreased levels of leptin
Spiritual 
practices

Holt-Lunstad et al,53 2011 CRP High levels of spiritual wellness associated with significantly lower CRP levels
Ferraro and Kim,54 2014 CRP Religious service attendance associated with significantly lower CRP levels 

BMI = body mass index; CRP = C-reactive protein; ICAM-1 = intercellular adhesion molecule-1; IL = interleukin; TNF = tumor necrosis factor.
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toxic stress and inflammation. Further-
more, the possibility exists that the RFs 
may interact synergistically, where the full 
impact is greater than the sum of individual 
components. Our study findings identify a 
theory that the anti-inflammatory practices 
that began in early childhood potentially 
mitigated the negative biological impact of 
toxic stress and childhood adversities and 
potentially enable the LLBZ community 
members, especially the centenarians, to 
live a significantly longer life span with 
less chronic disease. 

Biological Mechanism 
The mechanism behind childhood stress 

and health status later in life has not been 
fully elucidated. However, there may be 
an overlap between the mechanisms for 
longevity and that of the ACE-related 
biological embedding of toxic stress. 
With the knowledge that chronic disease 
in adults and shortening of life may have 
roots stemming from childhood exposures, 
an understanding of the biological mecha-
nisms for longevity is important and has 
implications for early childhood health 
promotion. One of the longevity theories 
is that of “inflamm-aging” in which low-
grade, chronic systemic inflammation 
increases over time because of the natural 
aging process and increases the risk of de-
veloping chronic disease.59 Interleukin-6, 
tumor necrosis factor-α, and CRP have 
been identified as a few of the major po-
tential inflammatory markers involved in 
the “inflamm-aging” process. It has been 
hypothesized that individuals living ex-
ceptionally long, healthy lives, such as the 
LLBZ centenarians, are better able to cope 
with stress and the inflammatory load and 
are subsequently able to slow or mitigate 
the “inflamm-aging” process. Further sup-
porting this theory, a large body of pub-
lished studies have identified a wide range 
of adult chronic diseases (ie, diabetes, 
cardiovascular disease, cancer) associated 
with states of chronic inflammation and 
life shortening.60-62 On the resiliency side, 
a recent study of psychosocial-related RFs 
(ie, attending social engagements) found 
an association with a reduction in inflam-
matory markers in adults who had experi-
enced multiple ACEs.63 More research is 
needed to better understand how the RFs 
may work together to promote resilience. 

Genetic Diversity and  
Low-Income Implications

There are a couple of additional points 
for consideration in supporting the 
strength of lifestyle influencing resilience 
and longevity. There has been a large 
amount of research focused on genes 
(eg, FOXO3) and their identified associa-
tion with enhanced longevity.64,65 How-
ever, one point to consider is that differing 
from the other Blue Zones throughout the 
world, the LLBZ is a genetically diverse 
group, especially among centenarians be-
cause they come from countries around 
the globe. What they had in common 
was healthy lifestyle practices, which po-
tentially gives insight into the strength of 
their lifestyle practices influencing resil-
ience and longevity in this community. 
The second point to consider is that the 
LLBZ centenarians and seniors reported 
disadvantaged backgrounds with fewer 
resources. In general, household income 
has been found linked to poorer health 
outcomes and premature death, and child-
hood poverty predictive of age-related dis-
ease risks, such as elevated inflammation 
levels and the clustering of metabolic risk 
factors in adulthood.66-68 Interestingly, the 
Nicoya, Costa Rica, and Okinawa, Japan, 
Blue Zone communities are also composed 
of some of the lowest income households 
compared with their surrounding regions 
yet have been recognized as experiencing 
some of the best survival rates in their re-
spective countries.16,69 The LLBZ findings 
and evidence from Nicoya and Okinawa 
Blue Zone communities provide addi-
tional support for the strength of lifestyle 
factors influencing resiliency and longevity.

Informing Chronic Disease  
Prevention Framework

The findings from our research study 
have potential implications for informing 
chronic disease prevention frameworks 
and improving the health of our nation. 
One of the main goals of Healthy People 
2020, an initiative striving to improve 
the health of all Americans, is to attain 
high-quality, longer lives free of pre-
ventable disease, disability, injury, and 
premature death.70 The RFs identified in 
our study, which have individually been 
supported by independent research stud-
ies, can help to enhance current existing 

chronic disease prevention frameworks to 
promote a culture of health. 

Key stakeholders can significantly 
influence exposure to the RFs within 
the chronic disease framework. Health 
professionals, a critical key stakeholder, 
can bring awareness for factors and work 
to promote practicing of factors through 
conversation. Start the conversation on 
RFs with children and their families, even 
if only one or two sentences. Another key 
stakeholder critical in supporting a shift 
toward a culture of health is medical fa-
cilities/hospitals and their administrators 
because they could promote RFs in their 
facility, encouraging wide-ranging expo-
sure to the RFs. Additionally, this stake-
holder group could develop innovative 
collaborations with community organiza-
tions (ie, museums, libraries, faith-based 
agencies, health departments) to promote 
community awareness and recognition 
for the RFs. There is a critical need for 
delivering health messages not only in the 
health sector but also across the nonhealth 
sectors. A fourth key stakeholder group, 
which is important in promoting a culture 
of health, is elected government officials 
and politicians. Given the latest knowl-
edge on the critical importance of early 
child exposures and subsequent chronic 
disease development, government officials 
and politicians in charge of spending al-
location should critically rethink current 
funding priorities. This change will ensure 
significant and increased level of funding 
targeting programs for early childhood, 
especially those with health components. 
In supporting innovative collaborations, 
greater investments are needed for health 
promotion and disease prevention research 
and programs for young children. A fifth 
key stakeholder group, educational institu-
tions and systems, could also facilitate pro-
moting a culture of health via embedding 
of the RFs with their school systems and 
providing an environment that is support-
ive. Last, policy personnel is a potential key 
stakeholder group that could drive forward 
change by embedding RFs in their policy 
development initiatives. 

Limitations
Our study has some limitations that 

merit discussion. One potential limitation 
is the limited generalizability of this study 
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because it included only centenarians and 
seniors currently living in the LLBZ. 
However, the LLBZ centenarian and 
seniors included a wide age range, greatly 
differing ethnic background, and differ-
ing countries of origin. Similarly, there 
may be limited generalizability using the 
ACEs experienced because communities 
in the US may differ by the type of ACE 
exposures. Another potential limitation 
may be with the participants’ ability to 
recall early-life experiences, with most par-
ticipants likely underreporting resiliency 
practices and adverse exposures, especially 
for the oldest members. However, most 
of the centenarians and older seniors had 
family members present at the interview 
corroborating the information provided. 
Additionally, because this was a qualita-
tive study in nature, further quantitative 
research studies are warranted to confirm 
and expand on our findings. 

CONCLUSION
The LLBZ is a community known 

to have enhanced longevity and fewer 
chronic diseases. Our findings support 
that the optimal health of these commu-
nity members may potentially be guided 
by resiliency-promoting factors, each with 
anti-inflammatory properties, which are 
established in childhood and maintained 
across the life span. Early-life interventions 
targeting lifestyle behaviors are emerging as 
a promising area of focus for reducing the 
epidemic of chronic disease. The identifi-
cation of the childhood RFs among this 
community has characterized potential 
foundational cornerstones on which to 
build a framework for promoting a culture 
of health for the US. Future research studies 
are warranted assessing health interven-
tion approaches as informed by these RFs. 
In addition, research studies of childhood 
experiences (positive and negative) among 
other worldwide longevity regions and 
among centenarians are warranted and hold 
promise for addressing global pediatric tox-
ic stress. With emphasis on early-life health 
promotion, we can alleviate the burden of 
chronic disease and enable a collaborative 
movement toward a more resilient country 
of wellness and longevity. v

Disclosure Statement
The author(s) have no conflicts of interest to 

disclose.

Acknowledgment
Kathleen Louden, ELS, of Louden Health 

Communications provided editorial assistance.

How to Cite this Article
Spencer-Hwang R, Torres X, Valladares J, Pasco-
Rubio M, Dougherty M, Kim W. Adverse childhood 
experiences among a community of resilient 
centenarians and seniors: Implications for a chronic 
disease prevention framework. Perm J 2018;22:17-
146. DOI: https://doi.org/10.7812/TPP/17-146

References
 1. CDC’s national center for chronic disease prevention 

and health promotion [Internet]. Altanta, GA: Centers 
for Disease Control and Prevention; updated 2017 
Dec 18 [cited 2018 jan 10]. Available from: www.cdc.
gov/chronicdisease/index.htm.

 2. Woolf SH, Aron LY. The US health disadvantage 
relative to other high-income countries: Findings from 
a National Research Council/Institute of Medicine 
report. JAMA 2013 Feb 27;309(8):771-2. DOI: https://
doi.org/10.1001/jama.2013.91.

 3. Shonkoff JP, Garner AS; Committee on Psychosocial 
Aspects of Child and Family Health; Committee on 
Early Childhood, Adoption, and Dependent Care; 
Section on Developmental and Behavioral Pediatrics. 
The lifelong effects of early childhood adversity and 
toxic stress. Pediatrics 2012 Jan;129(1):e232-46. 
DOI: https://doi.org/10.1542/peds.2011-2663.

 4. Smith KR, Mineau MP, Garibotti G, Kerber R. Effects 
of childhood and middle-adulthood family conditions 
on later-life mortality: Evidence from the Utah 
population database, 1850-2002. Soc Sci Med 2009 
May;68(9):1649-58. DOI: https://doi.org/10.1016/j.
socscimed.2009.02.010.

 5. Felitti VJ, Anda RF, Nordenberg D, et al. Relationship 
of childhood abuse and household dysfunction to 
many of the leading causes of death in adults. The 
Adverse Childhood Experiences (ACE) Study. Am J 
Prev Med 1998 May;14(4):245-58. DOI: https://doi.
org/10.1016/s0749-3797(98)00017-8.

 6. Edwards VJ, Holden GW, Felitti VJ, Anda RF. 
Relationship between multiple forms of childhood 
maltreatment and adult mental health in community 
respondents: Results from the adverse childhood 
experiences study. Am J Psychiatry 2003 
Aug;160(8):1453-60. DOI: https://doi.org/10.1176/
appi.ajp.160.8.1453.

 7. Reading R. The enduring effects of abuse and related 
adverse experiences in childhood. A convergence of 
evidence from neurobiology and epidemiology. Child 
Care Health Dev 2006 Mar;32(2):253-6. DOI: https://
doi.org/10.1111/j.1365-2214.2006.00614_2.x.

 8. Dong M, Giles WH, Felitti VJ, et al. Insights into 
causal pathways for ischemic heart disease: Adverse 
childhood experiences study. Circulation 2004 Sep 
28;110(13):1761-6. DOI: https://doi.org/10.1161/01.
cir.0000143074.54995.7f.

 9. Shonkoff JP, Boyce WT, McEwen BS. Neuroscience, 
molecular biology, and the childhood roots of health 
disparities: Building a new framework for health 
promotion and disease prevention. JAMA 2009 Jun 
3;301(21):2252-9. DOI: https://doi.org/10.1001/
jama.2009.754.

 10. Danese A, Moffitt TE, Pariante CM, Ambler A, 
Poulton R, Caspi A. Elevated inflammation levels 
in depressed adults with a history of childhood 
maltreatment. Arch Gen Psychiatry 2008 
Apr;65(4):409-15. DOI: https://doi.org/10.1001/
archpsyc.65.4.409. Erratum in: Arch Gen Psychiatry 
2008 Jun;65(6):725. DOI: https://doi.org/10.1001/
archpsyc.65.6.725.

 11. Coelho R, Viola TW, Walss-Bass C, Brietzke E, 
Grassi-Oliveira R. Childhood maltreatment and 
inflammatory markers: A systematic review. Acta 
Psychiatr Scand 2014 Mar;129(3):180-92. DOI: 
https://doi.org/10.1111/acps.12217.

 12. Suderman M, Borghol N, Pappas JJ, et al. Childhood 
abuse is associated with methylation of multiple loci 
in adult DNA. BMC Med Genomics 2014 Mar 11;7:13. 
DOI: https://doi.org/10.1201/b18768-19.

 13. Yang BZ, Zhang H, Ge W, et al. Child abuse and 
epigenetic mechanisms of disease risk. Am J 
Prev Med 2013 Feb;44(2):101-7. DOI: https://doi.
org/10.1016/s0749-3797(12)00923-3.

 14. Poulain M, Pes GM, Grasland C, et al. Identification 
of a geographic area characterized by extreme 
longevity in the Sardinia island: The AKEA study. Exp 
Gerontol 2004 Sep;39(9):1423-9. DOI: https://doi.
org/10.1016/j.exger.2004.06.016.

 15. Cockerham WC, Yamori Y. Okinawa: An exception to 
the social gradient of life expectancy in Japan. Asia 
Pac J Clin Nutr 2001;10(2):154-8. DOI: https://doi.
org/10.1046/j.1440-6047.2001.00232.x.

 16. Cockerham WC, Hattori H, Yamori Y. The 
social gradient in life expectancy: The contrary 
case of Okinawa in Japan. Soc Sci Med 2000 
Jul;51(1):115-22. DOI: https://doi.org/10.1016/s0277-
9536(99)00444-x.

 17. Rosero-Bixby L, Dow WH, Rehkopf DH. The 
Nicoya region of Costa Rica: A high longevity 
island for elderly males. Vienna Yearb Popul Res 
2013;11:109-36. DOI: https://doi.org/10.1553/
populationyearbook2013s109.

 18. Buettner D. The blue zones: 9 lessons for living 
longer from the people who’ve lived the longest. 
Washington, DC: National Geographic Society; 2008.

 19. Fraser GE, Shavlik DJ. Ten years of life: Is it a matter 
of choice? Arch Intern Med 2001 Jul 9;161(13):1645-
52.

 20. Panagiotakos DB, Chrysohoou C, Siasos G, et al. 
Sociodemographic and lifestyle statistics of oldest old 
people (>80 years) living in Ikaria island: The Ikaria 
study. Cardiol Res Pract 2011 Feb 24;2011:679187. 
DOI: https://doi.org/10.4061/2011/679187.

 21. Orlich MJ, Fraser GE. Vegetarian diets in the 
Adventist Health Study 2: A review of initial published 
findings. Am J Clin Nutr 2014 Jul;100 Suppl 1:353S-
8S. DOI: https://doi.org/10.3945/ajcn.113.071233.

 22. Tonstad S, Butler T, Yan R, Fraser GE. Type of 
vegetarian diet, body weight, and prevalence of type 
2 diabetes. Diabetes Care 2009 May;32(5):791-6. 
DOI: https://doi.org/10.2337/dc08-1886.

 23. Kiani F, Knutsen S, Singh P, Ursin G, Fraser G. 
Dietary risk factors for ovarian cancer: The Adventist 
Health Study (United States). Cancer Causes Control 
2006 Mar;17(2):137-46. DOI: https://doi.org/10.1007/
s10552-005-5383-z.

 24. Tantamango YM, Knutsen SF, Beeson WL, Fraser G, 
Sabate J. Foods and food groups associated with the 
incidence of colorectal polyps: The Adventist Health 
Study. Nutr Cancer 2011;63(4):565-72. DOI: https://
doi.org/10.1080/01635581.2011.551988.

 25. Willett W. Lessons from dietary studies in Adventists 
and questions for the future. Am J Clin Nutr 2003 
Sep;78(3 Suppl):539S-543S.

 26. Gavrilov LA, Gavrilova NS. Predictors of exceptional 
longevity: Effects of early-life childhood conditions, 
midlife environment and parental characteristics. 
Living 100 Monogr 2014;2014:1-18.

 27. Gavrilov LA, Gavrilova NS. Season of birth and 
exceptional longevity: Comparative study of 
American centenarians, their siblings, and spouses. 
J Aging Res 2011;2011:104616. DOI: https://doi.
org/10.4061/2011/104616.

 28. Sbaraini A, Carter SM, Evans RW, Blinkhorn A. 
How to do a grounded theory study: A worked 
example of a study of dental practices. BMC Med 



9The Permanente Journal/Perm J 2018;22:17-146

ORIGINAL RESEARCH & CONTRIBUTIONS
Adverse Childhood Experiences among a Community of Resilient Centenarians and Seniors: Implications for a Chronic Disease Prevention Framework  

Res Methodol 2011 Sep 9;11:128. DOI: https://doi.
org/10.1186/1471-2288-11-128.

 29. Adverse childhood experiences international 
questionaire (ACE-IQ) [Internet]. Geneva, 
Switzerland: World Health Organization; c2018 [cited 
2017 Jan 17]. Available from: www.who.int/violence_
injury_prevention/violence/activities/adverse_
childhood_experiences/en/.

 30. Goldstein S, Brooks RB, editors. Handbook of 
resilience in children. 2nd ed. New York, NY: Springer 
Science + Business Media; 2013.

 31. Crooks H. Conquering life’s mountains. Redlands, 
CA: The Quiet Hour, Inc; 1996.

 32. Holman DM, Ports KA, Buchanan ND, et al. The 
association between adverse childhood experiences 
and risk of cancer in adulthood: A systematic review 
of the literature. Pediatrics 2016 Nov;138(Suppl 1): 
S81-S91. DOI: https://doi.org/10.1542/peds.2015-
4268l.

 33. Turner-Cobb JM, Sephton SE, Koopman C, Blake-
Mortimer J, Spiegel D. Social support and salivary 
cortisol in women with metastatic breast cancer. 
Psychosom Med 2000 May-Jun;62(3):337-45. DOI: 
https://doi.org/10.1097/00006842-200005000-00007.

 34. Costanzo ES, Lutgendorf SK, Sood AK, Anderson B, 
Sorosky J, Lubaroff DM. Psychosocial factors and 
interleukin-6 among women with advanced ovarian 
cancer. Cancer 2005 Jul 15;104(2):305-13. DOI: 
https://doi.org/10.1002/cncr.21147.

 35. Yang YC, Schorpp K, Harris KM. Social support, 
social strain and inflammation: Evidence from a 
national longitudinal study of US adults. Soc Sci Med 
2014 Apr;107:124-35. DOI: https://doi.org/10.1016/j.
socscimed.2014.02.013.

 36. Kiecolt-Glaser JK, Loving TJ, Stowell JR, et al. 
Hostile marital interactions, proinflammatory 
cytokine production, and wound healing. Arch Gen 
Psychiatry 2005 Dec;62(12):1377-84. DOI: https://
doi.org/10.1001/archpsyc.62.12.1377.

 37. Schreier HM, Schonert-Reichl KA, Chen E. Effect 
of volunteering on risk factors for cardiovascular 
disease in adolescents: A randomized controlled trial. 
JAMA Pediatr 2013 Apr;167(4):327-32. DOI: https://
doi.org/10.1001/jamapediatrics.2013.1100.

 38. Fuligni AJ, Telzer EH, Bower J, Irwin MR, Kiang L, 
Cole SW. Daily family assistance and inflammation 
among adolescents from Latin American and 
European backgrounds. Brain Behav Immun 2009 
Aug;23(6):803-9. DOI: https://doi.org/10.1016/j.
bbi.2009.02.021.

 39. Puig-Perez S, Hackett RA, Salvador A, Steptoe A. 
Optimism moderates psychophysiological responses 
to stress in older people with type 2 diabetes. 
Psychophysiology 2017 Apr;54(4):536-43. DOI: 
https://doi.org/10.1111/psyp.12806.

 40. Puig-Perez S, Villada C, Pulopulos MM, Almela M, 
Hidalgo V, Salvador A. Optimism and pessimism 
are related to different components of the stress 
response in healthy older people. Int J Psychophysiol 
2015 Nov;98(2 Pt 1):213-21. DOI: https://doi.
org/10.1016/j.ijpsycho.2015.09.002.

 41. Roy B, Diez-Roux AV, Seeman T, Ranjit N, Shea 
S, Cushman M. The association of optimism and 
pessimism with inflammation and hemostasis in 
the Multi-Ethnic Study of Atherosclerosis (MESA). 
Psychosom Med 2010 Feb;72(2):134-40. DOI: 
https://doi.org/10.1097/psy.0b013e3181cb981b.

 42. Hopps E, Canino B, Caimi G. Effects of exercise on 
inflammation markers in type 2 diabetic subjects. 
Acta Diabetol 2011 Sep;48(3):183-9. DOI: https://doi.
org/10.1007/s00592-011-0278-9.

 43. Autenrieth C, Schneider A, Döring A, et al. 
Association between different domains of physical 
activity and markers of inflammation. Med Sci Sports 
Exerc 2009 Sep;41(9):1706-13. DOI: https://doi.
org/10.1249/mss.0b013e3181a15512.

 44. Reuben DB, Judd-Hamilton L, Harris TB, 
Seeman TE; MacArthur Studies of Successful 
Aging. The associations between physical activity 
and inflammatory markers in high-functioning older 
persons: MacArthur Studies of Successful Aging. J 
Am Geriatr Soc 2003 Aug;51(8):1125-30. DOI: https://
doi.org/10.1046/j.1532-5415.2003.51380.x.

 45. Li Q. Effect of forest bathing trips on human immune 
function. Environ Health Prev Med 2010 Jan;15(1):9-
17. DOI: https://doi.org/10.1007/s12199-008-0068-3.

 46. Roe JJ, Thompson CW, Aspinall PA, et al. Green 
space and stress: Evidence from cortisol measures 
in deprived urban communities. Int J Environ Res 
Public Health 2013 Sep 2;10(9):4086-103. DOI: 
https://doi.org/10.3390/ijerph10094086.

 47. Guillot X, Semerano L, Saidenberg-Kermanac’h N, 
Falgarone G, Boissier MC. Vitamin D and 
inflammation. Joint Bone Spine 2010 Dec;77(6):552-
7. DOI: https://doi.org/10.1016/j.jbspin.2010.09.018.

 48. Okun ML, Reynolds CF 3rd, Buysse DJ, et al. Sleep 
variability, health-related practices, and inflammatory 
markers in a community dwelling sample of older 
adults. Psychosom Med 2011 Feb-Mar;73(2):142-50. 
DOI: https://doi.org/10.1097/psy.0b013e3182020d08.

 49. Lin F, Friedman E, Quinn J, Chen DG, Mapstone M. 
Effect of leisure activities on inflammation and 
cognitive function in an aging sample. Arch Gerontol 
Geriatr 2012 May-Jun;54(3):e398-404. DOI: https://
doi.org/10.1016/j.archger.2012.02.002.

 50. Nettleton JA, Steffen LM, Mayer-Davis EJ, et al. 
Dietary patterns are associated with biochemical 
markers of inflammation and endothelial activation in 
the Multi-Ethnic Study of Atherosclerosis (MESA). Am 
J Clin Nutr 2006 Jun;83(6):1369-79.

 51. Hodgson JM, Ward NC, Burke V, Beilin LJ, 
Puddey IB. Increased lean red meat intake does not 
elevate markers of oxidative stress and inflammation 
in humans. J Nutr 2007 Feb;137(2):363-7.

 51. Ciardi C, Jenny M, Tschoner A, et al. Food additives 
such as sodium sulphite, sodium benzoate and 
curcumin inhibit leptin release in lipopolysaccharide-
treated murine adipocytes in vitro. Br J Nutr 2012 
Mar;107(6):826-33. DOI: https://doi.org/10.1017/
s0007114511003680.

 53. Holt-Lunstad J, Steffen PR, Sandberg J, Jensen B. 
Understanding the connection between spiritual 
well-being and physical health: An examination of 
ambulatory blood pressure, inflammation, blood 
lipids and fasting glucose. J Behav Med 2011 
Dec;34(6):477-88. DOI: https://doi.org/10.1007/
s10865-011-9343-7.

 54. Ferraro KF, Kim S. Health benefits of religion 
among black and white older adults? Race, 
religiosity, and C-reactive protein. Soc Sci Med 
2014 Nov;120:92-9. DOI: https://doi.org/10.1016/j.
socscimed.2014.08.030.

 55. Reuben DB, Cheh AI, Harris TB, et al. Peripheral 
blood markers of inflammation predict mortality and 
functional decline in high-functioning community-
dwelling older persons. J Am Geriatr Soc 2002 
Apr;50(4):638-44. DOI: https://doi.org/10.1046/
j.1532-5415.2002.50157.x.

 56. Cunningham C, Hennessy E. Co-morbidity and 
systemic inflammation as drivers of cognitive decline: 
New experimental models adopting a broader 
paradigm in dementia research. Alzheimers Res Ther 

2015 Mar 24;7(1):33. DOI: https://doi.org/10.1186/
s13195-015-0117-2.

 57. Wellen KE, Hotamisligil GS. Inflammation, stress, 
and diabetes. J Clin Invest 2005 May;115(5):1111-9. 
DOI: https://doi.org/10.1172/jci25102.

 58. Koenig W, Sund M, Fröhlich M, et al. C-reactive 
protein, a sensitive marker of inflammation, 
predicts future risk of coronary heart disease in 
initially healthy middle-aged men: Results from the 
MONICA (Monitoring Trends and Determinants in 
Cardiovascular Disease) Augsburg Cohort Study, 
1984 to 1992. Circulation 1999 Jan 19;99(2):237-42. 
DOI: https://doi.org/10.1161/01.cir.99.2.237.

 59. Tosato M, Zamboni V, Ferrini A, Cesari M. The aging 
process and potential interventions to extend life 
expectancy. Clin Interv Aging 2007;2(3):401-12.

 60. McConnell BB, Yang VW. The role of inflammation 
in the pathogenesis of colorectal cancer. Curr 
Colorectal Cancer Rep 2009 Apr 1;5(2):69-74. DOI: 
https://doi.org/10.1007/s11888-009-0011-z.

 61. Sjöholm A, Nyström T. Inflammation and the etiology 
of type 2 diabetes. Diabetes Metab Res Rev 2006 
Jan-Feb;22(1):4-10. DOI: https://doi.org/10.1002/
dmrr.568.

 62. Libby P. Inflammation and cardiovascular disease 
mechanisms. Am J Clin Nutr 2006 Feb;83(2):456S-
460S.

 63. Gouin JP, Caldwell W, Woods R, Malarkey WB. 
Resilience resources moderate the association 
of adverse childhood experiences with adulthood 
inflammation. Ann Behav Med 2017 Oct;51(5):782-6. 
DOI: https://doi.org/10.1007/s12160-017-9891-3.

 64. Morris BJ, Willcox DC, Donlon TA, Willcox BJ. 
FOXO3: A major gene for human longevity—a mini-
review. Gerontology 2015;61(6):515-25. DOI: https://
doi.org/10.1159/000375235.

 65. Brooks-Wilson AR. Genetics of healthy aging and 
longevity. Hum Genet 2013 Dec;132(12):1323-38. 
DOI: https://doi.org/10.1007/s00439-013-1342-z.

 66. McLeod CB, Lavis JN, Mustard CA, Stoddart GL. 
Income inequality, household income, and health 
status in Canada: A prospective cohort study. Am J 
Public Health 2003 Aug;93(8):1287-93. DOI: https://
doi.org/10.2105/ajph.93.8.1287.

 67. Brunner E, Davey Smith G, Marmot M, Canner R, 
Beksinska M, O’Brien J. Childhood social 
circumstances and psychosocial and behavioural 
factors as determinants of plasma fibrinogen. Lancet 
1996 Apr 13;347(9007):1008-13. DOI: https://doi.
org/10.1016/s0140-6736(96)90147-6.

 68. Poulton R, Caspi A, Milne BJ, et al. Association 
between children’s experience of socioeconomic 
disadvantage and adult health: A life-course study. 
Lancet 2002 Nov 23;360(9346):1640-5. DOI: https://
doi.org/10.1016/s0140-6736(02)11602-3.

 69. Rehkopf DH, Dow WH, Rosero-Bixby L, Lin J, 
Epel ES, Blackburn EH. Longer leukocyte telomere 
length in Costa Rica’s Nicoyan Peninsula: A 
population-based study. Exp Gerontol 2013 
Nov;48(11):1266-73. DOI: https://doi.org/10.1016/j.
exger.2013.08.005.

 70. Healthy people 2020 topics and objectives [Internet]. 
Washington, DC: Office of Disease Prevention 
and Health Promotion, US Department of Health 
and Human Services; updated 2018 Jan 11 [cited 
2016 Dec 16]. Available from: www.healthypeople.
gov/2020/topics-objectives.


