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Introduction
A growing body of literature suggests that having a sense of purpose in life is associated with both physical
and mental health and overall quality of life.1,2 Purposeful living has been defined in various ways. In general,
purpose in life can be defined as “a self-organizing life aim that stimulates goals,”1 promotes healthy
behaviors, and gives meaning to life.3,4
Individuals lacking purpose in life may feel hopeless and not have motivation to live an active and healthful
life. Some studies report that those with a strong purpose in life engage in healthy behaviors5 and have better
health outcomes for sleep disturbances,6 stroke incidence,7 poststroke quality of life,8 depression,2 and
diabetes.9 The association between life purpose and overall mortality has also been explored previously, with
Cohen and colleagues carrying out a meta-analysis of 9 prospective studies that examined this
association.1 The studies used a variety of different measures of life purpose, with 6 10-14 of the 9 studies1017
relying on a single question.1 For example, in the studies conducted in Japan, participants are asked if they
have ikigai, which is defined as “something to live for, the joy and goal of living.”11,12 The aforementioned
meta-analysis showed that compared with individuals with lower life purpose, higher scores on study-specific
life purpose scales were associated with survival (relative risk, 1.17; 95% CI, 0.75-0.91).1
The modified Ryff and Keyes Scales of Psychological Well-being assessment is the most comprehensive,
validated scale for measuring purpose in life.1,4,5,18-21 Only 2 of the studies included in the aforementioned
meta-analysis1 used this instrument, and both found associations indicating that individuals with stronger
purpose in life had lower all-cause mortality.15,17Furthermore, each of the studies included in the metaanalysis adjusted for some potentially confounding factors, but none comprehensively accounted for other
psychological well-being constructs, such as depression, anxiety, cynical hostility, negative affect, optimism,
positive affect, and social participation.
The Health and Retirement Study (HRS) is a US nationally representative, prospective cohort study that began
in 1992 and has collected comprehensive data, including information on life purpose and other psychological
well-being constructs. Life purpose was originally assessed in the HRS using an unvalidated measurement
instrument designed by an HRS investigator; an initial study16 using this measurement found no association
with all-cause mortality. However, in 2006, the HRS implemented the modified Ryff and Keyes Scales of
Psychological Well-being4 assessment to measure life purpose. To our knowledge, there have been no
previous analyses in HRS exploring the association between life purpose and cause-specific mortality using the
modified Ryff and Keyes Scales of Psychological Well-being assessment. Therefore, we used the HRS data from
2006 through 2010 to examine whether purpose in life is associated with all-cause or cause-specific mortality
among older adults. We were able to adjust for a large number of potential confounders, including other
psychological well-being constructs that may affect the association between life purpose and mortality.

Methods
Study Design and Participants
Adults between the ages of 51 and 61 years were enrolled in the HRS, and their spouses or partners were
enrolled, regardless of their age. Initially, individuals born between 1931 and 1941 were enrolled starting in
1992, but subsequent cohort enrichment was carried out. Details on HRS recruitment and data collection have
been previously published22,23 and are presented in the eAppendix in the Supplement. The present study
followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline for cohort studies with the exception of reporting 2 levels of confounder-adjusted estimates rather
than including fully unadjusted estimates for the sake of brevity. This study used deidentified, publicly
available data from the HRS; therefore, the Institutional Review Board at the University of Michigan exempted
the present study from the need for review. Written informed consent was obtained from all HRS participants.
In 2006, half of the HRS participants were randomly selected to complete an additional psychological
questionnaire; this was a leave-behind questionnaire that participants returned by mail and included the
modified Ryff and Keyes Scales of Psychological Well-being assessment. Although the remaining half of the
HRS participants were asked to fill out the additional psychological questionnaire in the next interview wave in
2008,24 the present study focuses only on the first half of participants who completed the psychological
questionnaire in 2006. For the present study, this group was followed up through their 2010 visit.
The present sample was drawn from the 8419 participants who were older than 50 years and who had filled
out the psychological questionnaire during the HRS 2006 wave. Of these 8419 participants, we excluded 1142
(nonresponders) with incomplete life purpose data, 163 with missing sample weights, 81 with loss to followup, 1 with an incorrect survival time, and 47 with missing information on marital status, educational level,
smoking status, alcohol use, or physical activity. Our final sample for analysis was 6985 individuals (eFigure in
the Supplement).

Determination of Vital Status
The HRS assessed all-cause and cause-specific mortality between 2006 and 2010. Month and year and cause of
death were recorded from a combination of 2 data sources, those reported by household members and those
obtained through matching with the National Death Index. A 98.8% validation of deaths with essentially zero
false-positives has previously been reported by HRS tracking studies.25 Survival time was calculated as the
number of months from the date of 2006 interview to date of death. In total, 776 deaths occurred among our
analytic cohort from 2006 to 2010. In addition to all-cause mortality, we further focused on the 4 most
common causes of death in HRS: heart, circulatory, and blood conditions (n = 297); cancer and tumors
(n = 208); respiratory tract system conditions (n = 108); and digestive tract system conditions (n = 86).

Censoring
Participants who were still alive at the end of their last follow-up were censored. Censoring dates were
determined as follows: (1) participants who were still alive and were followed up during the 2010 wave were
censored at the date of the last interview from the 2010 interview wave (n = 5966); (2) participants who were
followed up during the 2008 wave, but not the 2010 wave, were censored at the date of the last interview
from the 2008 interview wave (n = 138); and (3) participants who were not followed up during the 2008 or
2010 wave but were interviewed during the 2012 wave were censored at the date of the last 2010 interview
for any participant (n = 105).

Assessment of Purpose in Life
Purpose in life was assessed in the 2006 interview wave by using a 7-item questionnaire from the modified
Ryff and Keyes Scales of Psychological Well-being.4 The questionnaire used a Likert scale ranging from 1
(strongly disagree) to 6 (strongly agree). Ratings for items that were negatively worded were flipped such that
higher scores indicated greater purpose in life on all questions. The mean of the individual scores was then
calculated for each participant to create a final, composite life purpose score. For the all-cause mortality
analysis, further categorization was conducted to create 5 categories of life purpose score for ease of
interpretation (1.00-2.99, 3.00-3.99, 4.00-4.99, 5.00-5.99, and 6.00). For the cause-specific mortality analysis,
some categories were combined owing to small numbers. Life purpose was also fit as a continuous variable
and in quartiles, and the results were consistent with those observed with the aforementioned categories.
On the basis of the HRS recommendations for coding,24 participants who answered fewer than 3 questions
among the 7 life purpose questions were considered to have incomplete life purpose data and were excluded
(n = 1142 nonresponders) (eTable 2 in the Supplement). Because these nonresponders are part of the ongoing
HRS cohort, we were able to examine the sociodemographic and other characteristics of this group to provide
insight into potential generalizability and selection bias issues (eTable 2 in the Supplement). A total of 944
individuals would have been eligible for this analysis if they had completed the questionnaire (eFigure in
the Supplement); eTable 2 in the Supplement provides a description of the demographic and relevant clinical
characteristics of this group of individuals.

Other Covariates
All covariates were assessed by self-report in 2006 and included sociodemographic characteristics, baseline
health and behavioral characteristics, and psychological factors. Sociodemographic characteristics included
age (50-54, 55-59, 60-64, 65-69, 70-74, 75-79, or ≥80 years old), sex (male or female), marital status (married,
separated or divorced, widowed, or never married), race/ethnicity (non-Hispanic white, non-Hispanic and
Hispanic black, Hispanic white, or other), and educational level (less than high school, high school degree,
some college, college degree, or master’s or professional graduate degree). Baseline health behaviors/status
included smoking status, functional status, frequency of physical activity, alcohol consumption, presence of 1
or more chronic health conditions, and body mass index26 (calculated as weight in kilograms divided by height
in meters squared). Details on how these variables were modeled are available in the eAppendix in
the Supplement. Psychological status included 4 negative psychological constructs (depression, anxiety,
cynical hostility, and negative affect) and 3 positive psychological constructs (optimism, positive affect, and
social participation). These constructs have been considered in previous analyses of life purpose data from the
HRS and were thus considered here; they could be confounders or mediators. Each psychological construct
consisted of multiple questions and was combined into a summary score based on the instructions from HRS
for each of the 7 constructs.24 A description and the Cronbach α values for these 7 psychological constructs are
given in eTable 1 in the Supplement. Each psychological construct was fit as a categorical variable based on
quartiles.

Statistical Analysis
Descriptive statistics for those who died and for those who were censored were calculated. Trend tests for
continuous variables and heterogeneity for categorical variables were tested across groups using linear
regression models and χ2 tests, respectively. Subsample specific weights provided by HRS were used in the
present analysis to account for the HRS stratified, multistage area probability design.27 Weighted Cox
proportional hazards models were fit to examine the association between life purpose score (categorical; see
above) and all-cause and cause-specific mortality, using person-months as the underlying time metric. Two

models were fit: model 1 was adjusted for sociodemographic factors as well as health characteristics at the
2006 interview, which included smoking status, physical activity, alcohol consumption, body mass index,
presence of chronic health conditions, and functional status; and model 2 was adjusted for sociodemographic
and health characteristics as well as psychological constructs. We estimated multivariate hazard ratios (HRs)
and 95% CIs for all-cause and cause-specific mortality. In those analyses, we also took into account clustering
within households given that individuals from the same household were invited to participate. In addition, we
produced survival curves using the R package survminer (ggadjustedcurves) software to illustrate the
association between life purpose and mortality. That curve was fully adjusted for sociodemographic and
health characteristics and the psychological constructs.
In addition to our main analysis, we also conducted sensitivity analyses restricted to 1774 individuals who had
no reported chronic health conditions (ie, cancer, heart disease, stroke, diabetes, lung disease, or high blood
pressure) in 2006, and we treated 53 participants who died in the first year of follow-up as censored rather
than as having the event. These analyses were undertaken to consider the potential for reverse causation as
an explanation of our findings. We were concerned that being near to death leads to low life purpose or
having a chronic illness leads to low life purpose. The goal of the sensitivity analysis was to determine whether
there continued to be an association between life purpose and mortality in these population subsets. The
power for these analyses was reduced because the sample size was smaller; thus, we evaluated only the
trends in these data. All analyses were conducted from June 5, 2018, to April 22, 2019, using SAS, version 9.4
(SAS Institute Inc). A 2-sided P < .05 was considered statistically significant.

Results
Descriptive Analysis
In total, 6985 individuals were included in the analysis; 4016 participants (57.5%) were women, and the mean
(SD) age of all participants was 68.6 (9.8) years. The mean survival time for decedents was 31.21 months (SD,
15.42 months; range, 1.00-71.00 months). Overall, individuals who were older, male, or not currently married
were more likely to have died (Table 1). In addition, there was a greater percentage of individuals with less
than a high school degree who died (283 of 776 [36.5%]) compared with that in the censored group (1378 of
6209 [22.2%]). Individuals who died were more likely to be a current or former smoker, be nonalcohol
drinkers, be physically inactive, and have a lower functional status at the time of completing the life purpose
questionnaire in 2006 (Table 1). The life purpose distribution is also provided in Table 1.
There were 1142 HRS participants who were eligible to complete the life purpose questionnaire in 2006 but
either did not complete it at all (940 [82.3%]) or completed fewer than 3 questions (202 [17.7%]) (eTable 2 in
the Supplement). The HRS participants who did not complete the life purpose questionnaire were no more
likely to die than the individuals included in the analysis (121 of 944 [12.8%] compared with 776 of 6985
[11.1%]; P = .12). They were, however, more likely to be older, female, widowed, or African American; have
less than a high school degree; and have weaker functional status at baseline compared with the participants
who did complete the questionnaire. In addition, 191 of 1141 participants (16.7%) who did not complete the
life purpose questionnaire were lost to follow-up between 2006 and 2010 compared with 81 of 7277
participants (11.1%) who did complete the questionnaire.

Life Purpose and All-Cause Mortality
There was a significant association between life purpose and all-cause mortality (Table 2; Figure). This was
true for both the model adjusted for sociodemographic and health characteristics (model 1 comparing
individuals in the lowest life purpose group with individuals in the highest group: HR, 3.15; 95% CI, 2.07-

4.77; P < .001 for trend) (Table 2) as well as model 2, which was additionally adjusted for psychological wellbeing constructs. In model 2, the HR was 2.43 for comparing individuals in the lowest life purpose group to
individuals in the highest group (95% CI, 1.57-3.75; P < .001 for trend). Further adjustment for the
psychological well-being constructs (model 2) attenuated the estimated HR in each category of life purpose
score, but there remained a significant association between life purpose and mortality (Table 2; Figure).
We carried out sensitivity analyses to explore the potential of reverse causation as an explanation for the
findings. After censoring participants who died during the first year of follow-up, the association between life
purpose and risk of death was similar although modestly attenuated (highest vs lowest life purpose score: HR,
2.24; 95% CI, 1.44-3.50; model 4) (Table 3). Similarly, after excluding participants with a chronic health
condition at baseline, there was still an association between life purpose and mortality (models 5 and 6) (Table
3).

Life Purpose and Cause-Specific Mortality
There was a significant association between life purpose and mortality attributed to heart, circulatory, and
blood conditions when the lowest and highest life purpose categories were compared (HR, 2.66; 95% CI, 1.624.38; P = .02 for trend) and between life purpose and digestive tract system conditions when the lower life
purpose categories and the highest category were compared (for life purpose scores 3.00-3.99: HR, 4.54; 95%
CI, 1.77-11.66; for life purpose scores 4.00-4.99: HR, 3.04; 95% CI, 1.34-6.89; P = .01 for trend) (Table 4). For
cancer and tumors (HR, 1.16; 95% CI, 0.60-2.25; P = .95 for trend) and respiratory tract system conditions (HR,
1.83; 95% CI, 0.80-4.20; P = .40 for trend), however, no association with mortality was observed.

Discussion
Low purpose in life was significantly associated with death among 6985 older adults participating in the HRS.
This finding was robust to adjustment for psychological well-being constructs and also showed a trend with
decreasing life purpose. This finding is in agreement with previous literature that used either a different life
purpose measurement tool, often asked only a single question, or adjusted for only a subset of the potential
confounders for which we were able to control.10-17
There are several possible mechanisms through which life purpose might potentially be associated with
mortality. Fredrickson and colleagues28 showed that stronger well-being, of which purposeful living is a
component, was associated with decreased expression of proinflammatory genes. In another small study,
stronger purpose in life was associated with lower cortisol levels and lower levels of proinflammatory
cytokines.19 There is evidence to suggest that elevated levels of inflammatory markers, such as C-reactive
protein,29-31 and cytokines, such as interleukin 6,30,31 are associated with increased mortality, and this
represents one possible mechanism through which purpose in life influences mortality. However, to our
knowledge, there have been no life purpose intervention studies that have then measured the impact on
health outcomes (including mortality), cytokines, or other biomarkers.
The present results from the cause-specific mortality analysis were less clear. The association between
mortality and life purpose was evident only for heart and blood diseases and digestive tract system diseases
(Table 4). There is little published literature on cause-specific mortality and life purpose. Tanno and
colleagues12 reported that the risk of cardiovascular mortality, but not coronary heart disease or
cerebrovascular disease mortality, was significantly associated with life purpose among Japanese men. In
addition, that study found a null association between life purpose and cancer as the cause of mortality,

regardless of sex, which is in line with our null finding. Additional research on cause-specific mortality and life
purpose is needed.

Limitations
There are a number of method considerations with our analysis. Our study included a comprehensive analysis
of psychological well-being constructs, including 4 negative psychological measures (depression, anxiety,
cynical hostility, and negative affect) and 3 positive psychological measures (optimism, positive affect, and
social participation). It is possible that some or all of these psychological well-being constructs are mediators;
if this is the case, adjusting for these variables took the potential mediation into account. To address this issue,
we presented results with or without adjustment for these measures (Table 2; model 1 vs model 2). Currently,
more sophisticated methods for mediation analysis are not available because of the correlated nature of the
psychological constructs and because this is a survival analysis. When such methods become available, it
would be interesting to carry out a formal mediation analysis.
A potential concern with the present analysis is that life purpose at baseline may have been influenced by the
presence of a chronic or life-threatening illness (reverse causation); however, this did not appear to be the
case. We conducted sensitivity analyses in which all individuals who died during the first 2 years of follow-up
were censored and included in a separate analysis, and we excluded all individuals who reported a chronic
illness at baseline (Table 3). The results of these sensitivity analyses continued to suggest an association
between life purpose and mortality (although not statistically significant given the major decrease in the
number of events in the chronic conditions analysis), providing supporting evidence that reverse causation
does not account for the association we observed.
Selective loss to follow-up does not appear to be a concern in the present study given that only 1% of the 7727
participants who completed the life purpose questionnaire were lost to follow-up. However, selection bias is a
potential issue because among 1142 HRS participants in 2006 who were eligible to complete the life purpose
questionnaire, 940 did not complete it at all, and 202 completed fewer than 3 questions. Those HRS
participants were no more likely to die than the individuals included in the analysis (12.8% compared with
11.1%, P = .12), and we adjusted for the characteristics of those who were more likely to not complete the life
purpose questionnaire; however, we cannot rule out selection bias.

Conclusions
In summary, in the HRS, a stronger purpose in life was associated with lower all-cause mortality. There are a
number of interventions that have been developed with the goal of improving life purpose. Intervention
studies of volunteering,32-34well-being therapy,35 and meditations36 among adults have shown improvements
in purpose in life, quality of life, and various health outcomes. Mindfulness is one component of life purpose,
and studies of this construct have been carried out among survivors of breast cancer. 37,38 Those studies have
shown promise in improving psychological well-being measures37,38 and quality of life,38 but associations with
mortality have not been evaluated. There are also eHealth applications designed to influence life purpose (eg,
Purposeful).39,40 Future research should focus on the mechanism of how life purpose may influence all-cause
mortality and cause-specific mortality and on the appropriate timing of life purpose interventions in a
diseased population. Ultimately, a randomized trial exploring life purpose interventions and disease outcomes,
quality of life, and mortality are warranted.

Article Information
Accepted for Publication: April 3, 2019.
Published: May 24, 2019. doi:10.1001/jamanetworkopen.2019.4270
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019
Alimujiang A et al. JAMA Network Open.
Corresponding Author: Celeste Leigh Pearce, PhD, MPH, Department of Epidemiology, University of Michigan
School of Public Health, 1415 Washington Heights, Ann Arbor, MI 48109 (lpearce@umich.edu).
Author Contributions: Dr Pearce had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

References
1. Cohen R, Bavishi C, Rozanski A. Purpose in life and its relationship to all-cause mortality and
cardiovascular events: a meta-analysis. Psychosom Med. 2016;78(2):122-133.
doi:10.1097/PSY.0000000000000274PubMedGoogle ScholarCrossref
2. Wood AM, Joseph S. The absence of positive psychological (eudemonic) well-being as a risk factor for
depression: a ten year cohort study. J Affect Disord. 2010;122(3):213-217.
doi:10.1016/j.jad.2009.06.032PubMedGoogle ScholarCrossref
3. McKnight PE, Kashdan TB. Purpose in life as a system that creates and sustains health and well-being: an
integrative, testable theory. Rev Gen Psychol. 2009;13(3):242. doi:10.1037/a0017152Google
ScholarCrossref
4. Ryff CD, Keyes CLM. The structure of psychological well-being revisited. J Pers Soc Psychol.
1995;69(4):719-727. doi:10.1037/0022-3514.69.4.719PubMedGoogle ScholarCrossref
5. Kim ES, Strecher VJ, Ryff CD. Purpose in life and use of preventive health care services. Proc Natl Acad
Sci U S A. 2014;111(46):16331-16336. doi:10.1073/pnas.1414826111PubMedGoogle ScholarCrossref
6. Kim ES, Hershner SD, Strecher VJ. Purpose in life and incidence of sleep disturbances. J Behav Med.
2015;38(3):590-597. doi:10.1007/s10865-015-9635-4PubMedGoogle ScholarCrossref
7. Kim ES, Sun JK, Park N, Peterson C. Purpose in life and reduced incidence of stroke in older adults: ‘The
Health and Retirement Study’. J Psychosom Res. 2013;74(5):427-432.
doi:10.1016/j.jpsychores.2013.01.013PubMedGoogle ScholarCrossref
8. Owolabi MO. Consistent determinants of post-stroke health-related quality of life across diverse cultures:
Berlin-Ibadan study. Acta Neurol Scand. 2013;128(5):311-320.PubMedGoogle Scholar
9. Rasmussen NH, Smith SA, Maxson JA, et al. Association of HbA1c with emotion regulation, intolerance of
uncertainty, and purpose in life in type 2 diabetes mellitus. Prim Care Diabetes. 2013;7(3):213-221.
doi:10.1016/j.pcd.2013.04.006PubMedGoogle ScholarCrossref
10. Gruenewald TL, Karlamangla AS, Greendale GA, Singer BH, Seeman TE. Feelings of usefulness to others,
disability, and mortality in older adults: the MacArthur study of successful aging. J Gerontol B Psychol Sci
Soc Sci. 2007;62(1):28-37. doi:10.1093/geronb/62.1.P28PubMedGoogle ScholarCrossref
11. Sone T, Nakaya N, Ohmori K, et al. Sense of life worth living (ikigai) and mortality in Japan: Ohsaki
Study. Psychosom Med. 2008;70(6):709-715. doi:10.1097/PSY.0b013e31817e7e64PubMedGoogle
ScholarCrossref
12. Tanno K, Sakata K, Ohsawa M, et al; JACC Study Group. Associations of ikigai as a positive psychological
factor with all-cause mortality and cause-specific mortality among middle-aged and elderly Japanese
people: findings from the Japan Collaborative Cohort Study. J Psychosom Res. 2009;67(1):67-75.
doi:10.1016/j.jpsychores.2008.10.018PubMedGoogle ScholarCrossref

13. Okamoto K, Tanaka Y. Subjective usefulness and 6-year mortality risks among elderly persons in Japan. J
Gerontol B Psychol Sci Soc Sci. 2004;59(5):246-249. doi:10.1093/geronb/59.5.P246PubMedGoogle
ScholarCrossref
14. Nakanishi N, Fukuda H, Tatara K. Changes in psychosocial conditions and eventual mortality in
community-residing elderly people. J Epidemiol. 2003;13(2):72-79. doi:10.2188/jea.13.72PubMedGoogle
ScholarCrossref
15. Hill PL, Turiano NA. Purpose in life as a predictor of mortality across adulthood. Psychol Sci.
2014;25(7):1482-1486. doi:10.1177/0956797614531799PubMedGoogle ScholarCrossref
16. Krause N. Meaning in life and mortality. J Gerontol B Psychol Sci Soc Sci. 2009;64(4):517-527.
doi:10.1093/geronb/gbp047PubMedGoogle ScholarCrossref
17. Boyle PA, Barnes LL, Buchman AS, Bennett DA. Purpose in life is associated with mortality among
community-dwelling older persons. Psychosom Med. 2009;71(5):574-579.
doi:10.1097/PSY.0b013e3181a5a7c0PubMedGoogle ScholarCrossref
18. Ryff CD. Happiness is everything, or is it? explorations on the meaning of psychological well-being. J Pers
Soc Psychol. 1989;57(6):1069. doi:10.1037/0022-3514.57.6.1069Google ScholarCrossref
19. Ryff CD, Singer BH, Dienberg Love G. Positive health: connecting well-being with biology. Philos Trans R
Soc Lond B Biol Sci. 2004;359(1449):1383-1394. doi:10.1098/rstb.2004.1521PubMedGoogle
ScholarCrossref
20. Van Dierendonck D. The construct validity of Ryff’s Scales of Psychological Well-being and its extension
with spiritual well-being. Pers Individ Dif. 2004;36(3):629-643. doi:10.1016/S0191-8869(03)00122-3Google
ScholarCrossref
21. Akin A. The scales of psychological well-being: a study of validity and reliability. Educ Sci Theor Pract.
2008;8(3):741-750. https://files.eric.ed.gov/fulltext/EJ837765.pdf. Accessed April 29, 2019.Google Scholar
22. Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JW, Weir DR. Cohort profile: the Health and
Retirement Study (HRS). Int J Epidemiol. 2014;43(2):576-585. doi:10.1093/ije/dyu067PubMedGoogle
ScholarCrossref
23. Wallace RB, Herzog AR. Overview of the health measures in the Health and Retirement Study. J Hum
Resour. 1995;30:S84-S107. doi:10.2307/146279Google ScholarCrossref
24. Smith J, Fisher G, Ryan L, Clarke P, House J, Weir D. Psychosocial and lifestyle questionnaire 2006-2010.
Documentation report core section LB. https://hrs.isr.umich.edu/publications/biblio/9066. Published
February 2013. Accessed April 13, 2019.
25. Weir DR. Validating mortality ascertainment in the health and retirement
study. https://hrs.isr.umich.edu/publications/biblio/9022. Published November 3, 2016. Accessed April 13,
2019.
26. World Health Organization. Global Database on Body Mass Index
(BMI). https://www.who.int/nutrition/databases/bmi/en/. Accessed April 13, 2019.
27. Servais MA. Overview of HRS public data files for cross-sectional and longitudinal
analysis. https://hrs.isr.umich.edu/sites/default/files/biblio/OverviewofHRSPublicData.pdf. Published June
2004. Updated June 2010. Accessed April 13, 2019.
28. Fredrickson BL, Grewen KM, Coffey KA, et al. A functional genomic perspective on human wellbeing. Proc Natl Acad Sci U S A. 2013;110(33):13684-13689. doi:10.1073/pnas.1305419110PubMedGoogle
ScholarCrossref
29. Harris TB, Ferrucci L, Tracy RP, et al. Associations of elevated interleukin-6 and C-reactive protein levels
with mortality in the elderly. Am J Med. 1999;106(5):506-512. doi:10.1016/S0002-9343(99)000662PubMedGoogle ScholarCrossref
30. 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;50(4):638-644. doi:10.1046/j.1532-5415.2002.50157.xPubMedGoogle ScholarCrossref

31. De Martinis M, Franceschi C, Monti D, Ginaldi L. Inflammation markers predicting frailty and mortality in
the elderly. Exp Mol Pathol. 2006;80(3):219-227. doi:10.1016/j.yexmp.2005.11.004PubMedGoogle
ScholarCrossref
32. Tan EJ, Xue Q-L, Li T, Carlson MC, Fried LP. Volunteering: a physical activity intervention for older
adults—the Experience Corps program in Baltimore. J Urban Health. 2006;83(5):954-969.
doi:10.1007/s11524-006-9060-7PubMedGoogle ScholarCrossref
33. George DR, Singer ME. Intergenerational volunteering and quality of life for persons with mild to
moderate dementia: results from a 5-month intervention study in the United States. Am J Geriatr
Psychiatry. 2011;19(4):392-396. doi:10.1097/JGP.0b013e3181f17f20PubMedGoogle ScholarCrossref
34. Konrath S, Fuhrel-Forbis A, Lou A, Brown S. Motives for volunteering are associated with mortality risk
in older adults. Health Psychol. 2012;31(1):87-96. doi:10.1037/a0025226PubMedGoogle ScholarCrossref
35. Ruini C, Fava GA. Well-being therapy for generalized anxiety disorder. J Clin Psychol. 2009;65(5):510-519.
doi:10.1002/jclp.20592PubMedGoogle ScholarCrossref
36. Jacobs TL, Epel ES, Lin J, et al. Intensive meditation training, immune cell telomerase activity, and
psychological mediators. Psychoneuroendocrinology. 2011;36(5):664-681.
doi:10.1016/j.psyneuen.2010.09.010PubMedGoogle ScholarCrossref
37. Carlson LE, Doll R, Stephen J, et al. Randomized controlled trial of mindfulness-based cancer recovery
versus supportive expressive group therapy for distressed survivors of breast cancer. J Clin Oncol.
2013;31(25):3119-3126. doi:10.1200/JCO.2012.47.5210PubMedGoogle ScholarCrossref
38. Lengacher CA, Johnson-Mallard V, Post-White J, et al. Randomized controlled trial of mindfulness-based
stress reduction (MBSR) for survivors of breast cancer. Psychooncology. 2009;18(12):1261-1272.
doi:10.1002/pon.1529PubMedGoogle ScholarCrossref
39. kumanu: purpose in action. Better lives: stronger organizations. https://www.kumanu.com. Accessed April
13, 2019.
40. Griauzde DH, Kullgren JT, Liestenfeltz B, Richardson C, Heisler M. A mobile phone-based program to
promote healthy behaviors among adults with prediabetes: study protocol for a pilot randomized
controlled trial. Pilot Feasibility Stud. 2018;4(1):48. doi:10.1186/s40814-018-0246-zPubMedGoogle
ScholarCrossref

