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Persistently high psychological well-being ® e
predicts better HDL cholesterol and

triglyceride levels: findings from the midlife

in the U.S. (MIDUS) longitudinal study
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Abstract

Background: Psychological correlates of blood lipid levels have been previously evaluated mostly in cross sectional
studies. However, prospectively measured psychological factors might also predict favorable blood lipid profiles,
thereby indicating a healthy mind/body interplay that is associated with less disease, better health and longer lives.

Methods: This paper examined whether longitudinal profiles of psychological well-being over 9-10 years are
predictors of blood lipid profiles. Using the MIDUS (Midlife in the U.S.) biological subsample (n = 1054, aged 34 to
84, 55% female), cross-time trajectories of well-being were linked with three lipid outcomes (i.e., HDL cholesterol,
triglycerides, and LDL cholesterol), measured for the first time at the 2nd wave of the study.

Results: Most adults showed largely stable profiles of well-being, albeit at different levels. Some showed
persistently high well-being over time, while others revealed persistently low or moderate well-being. After
adjusting for the effect of demographics, health behaviors, medications, and insulin resistance, adults with
persistently high levels of environmental mastery and self-acceptance—two components of psychological well-
being—had significantly higher levels of HDL as well as significantly lower levels of triglycerides compared to adults
with persistently low levels of well-being. Converging with prior findings, no association was found between well-
being and LDL cholesterol.

Conclusions: Over 9-10 years, persistently high levels of psychological well-being measures predicted high HDL
cholesterol and low triglycerides. These findings add longitudinal evidence to the growing body of research
showing that positive psychological factors are linked with better lipoprotein profiles. A better blood lipid profile,
particularly higher HDL-C, may be key in mediating how psychological well-being positively impacts health and
length of life. Additional research is required to further validate this hypothesis as well as to establish potential
underlying mechanisms.
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Background

Psychological correlates of lipids have been studied for
several decades, beginning with “occasionally significant”
negative correlations between serum cholesterol levels
and reported moods, motivation, and arousal [1]. Subse-
quent studies linked cholesterol to mental disorder [2],
depression [3], and anxiety disorders [4]. Recent findings
from MIDUS study (Midlife in the United States), a
national study of adults aged 25 to 74 at baseline, linked
higher levels of optimism (after adjusting for numerous
covariates) to higher HDL-C (High Density Lipid Chol-
esterol) and lower triglycerides, but not to LDL-C (Low
Density Lipid Cholesterol) [5]. Such research adds to the
growing body of literature linking positive psychological
functioning to reduced inflammatory markers and better
glycemic regulation [6-8] as well as decreased risk of
cardiovascular disease [9], lower risk of disability and cog-
nitive impairment [10, 11], greater resistance to infectious
illness [12], and better health and longer lives [13—-15].

The present investigation used a theory-based formu-
lation of “eudaimonic” well-being [16], derived from the
integration of clinical, developmental, existential and
humanistic psychology. The model includes multiple
aspects of well-being: autonomy, environmental mastery,
personal growth, positive relations with others, purpose in
life, and self-acceptance. To date, over 500 publications
have linked eudaimonic well-being to life course develop-
ment and aging, work and family life, and health [17].
However, few of these prior investigations have used
longitudinal assessments of well-being. Evidence over a
9-10 year period from the MIDUS national sample re-
vealed that most adults did not reliably increase or de-
crease (using the index of reliable change [18]) on any
dimension of well-being over time [19]. Such stability
was notably differentiated, however, with regard to level:
some individuals showed persistently high levels of well-
being across time, while others showed persistently low or
moderate levels. Such trajectories underscore distinctions
between cumulative psychological advantage or disadvan-
tage across time.

In the present inquiry, we tested whether those with
advantaged (i.e., persistently high) trajectories of well-
being would have better blood lipid profiles compared to
individuals with disadvantaged (i.e., persistently low)
trajectories of well-being. Why lipids? Broad evidence has
demonstrated a key role of high serum LDL-C levels on
hard clinical outcomes due to atherosclerotic cardiovascular
disease [20], the main cause of morbimortality worldwide.
State-of-the-art care, including high-dose statins to reduce
LDL-C, can attenuate the risk of long-term clinical events
derived from this disease, however patients still exhibit a
high rate of cardiovascular events [21, 22]. Atherogenic
dyslipidaemia, defined as an imbalance between proathero-
genic triglyceride-rich lipoproteins and antiatherogenic high
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density lipoproteins, constitutes a key contributor to this
residual cardiovascular risk [21-24]. Thus, a first key ob-
jective was to examine whether those with longitudinally
advantaged trajectories of well-being would have better
blood lipid profiles, a question with important preventive
significance, given the above clinical literature.

Further, prospective biomedical studies have shown that
high levels of HDL-C are powerful negative independent
predictors of coronary heart disease (CHD) and stroke [25].
Cohort studies have also linked low HDL-C with memory
decline [26] and dementia [27], whereas increasing HDL-C
levels have been linked to longevity [28]. A relevant ques-
tion is whether prospectively measured psychological fac-
tors might predict favorable blood lipid profiles, particularly
higher HDL-C, thereby implicating salubrious mind/body
interplay that is associated with less disease, better health
and longer lives.

To reiterate, we used data from a national longitudinal
study of U.S. adults, which collected biological measures
on a subsample of respondents at the 2nd wave. Building
on the evidence of long-term stability in eudaimonic
well-being over a 9-10 year period, we tested whether
those who showed persistently high (cumulatively advan-
taged) well-being over time would have better lipid profiles
(higher levels of HDL-C and lower levels of triglycerides
and LDL-C) compared to adults with persistently low (cu-
mulatively disadvantaged) well-being. If HDL is a “recipe
for longevity” [25], our question was whether long-term
positive psychological factors might, in turn, predict better
lipid profiles.

Methods

Sample

The Midlife in the United States (MIDUS) study was ini-
tiated in 1995 to better understand connections between
psychosocial factors and health in adults aged 25 to 74.
More than 4000 respondents were recruited by random
digit dialing with oversampling in select metropolitan
areas. Twin pairs and siblings of some respondents were
also recruited for a total baseline sample of 7108 sub-
jects. A longitudinal follow-up was conducted 9-10 years
later and obtained a 75% retention rate, adjusted for
mortality (see [29] for details on attrition).

The present investigation is based on a subsample of
1054 respondents, including 388 twins, from the longitu-
dinal follow-up who participated in a biomarker project.
All of these individuals had completed two prior waves
of psychosocial assessments and were healthy enough to
travel to a clinic for biomedical data collection. The bio-
marker subsample was comparable to the larger MIDUS
sample on most sociodemographic characteristics (age,
gender, marital status, income) although it was some-
what better educated [30]. Nonetheless, there was vari-
ability in educational attainment: 24% had a high school
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education or less, 52% had some college, and 24% has a
college degree. Biomarker respondents were also similar to
main sample respondents on health characteristics (subject-
ive health, chronic conditions, health symptoms, body mass
index (BMI)).

Demographic, biomarker and health measures

A number of demographic and health variables (from
the Time 2 survey) were examined as control measures.
Demographic factors included age (continuous), gender
(0 = male, 1 =female), and educational level (from 1 =no
school to 12 =PhD, MD, or other professional degree).
Medication and health status included: percent of cases
who reported taking blood pressure, cholesterol, cortisol,
or depression medications at the time of the biological
assessments, and a log-transformed measure of insulin
resistance. Health behaviors included: number of alcoholic
drinks consumed in the past month; current smoking
status; a measure of regular weekly exercise; an index of
healthy eating (average number of weekly consumption of
fruits/vegetables and whole grains, and a white-to-red meat
index), and BML.

Psychological well-being (PWB) was measured with six
scales [16]: autonomy, environmental mastery, personal
growth, positive relations with others, purpose in life,
and self- acceptance. Each scale consisted of three items,
with a mix of positive and negative items. Respondents
indicated the extent from 1 (strongly agree) to 7 (strongly
disagree) to which the statements described them. Negative
items were reverse coded so that higher scores reflected

Table 1 Descriptive statistics of time 2 measures
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more positive appraisals. Summed scores were created from
all scales.

Biomedical data were collected at 1 of 3 clinical re-
search sites over a period of two days. On the second
morning of the visit, participants provided a fasting
blood sample for a lipid panel of total cholesterol, HDL-
C, LDL-C, and triglycerides. The samples were initially
stored in a-60 °C to —80 °C freezer at each site, and
then frozen serum (1-pl aliquots) were shipped on dry
ice to Meriter Laboratories (Madison, Wisconsin) and
stored at -65 °C. All assays were performed with a
Cobas Integra analyzer (Roche Diagnostics, Indianapolis,
Indiana). An enzymatic colorimetric assay was used for
HDL-C, and triglycerides; LDL-C was derived using the
Friedewald calculation [31]: for a limited number of re-
spondents (1%) triglyceride levels were >400 mg/dl
(milligram/deciliter); these observed values were re-
placed with 400 mg/dl to calculate the LDL-C level
From the biomarker project sample, HDL-C values
ranged from 22 to 121 mg/dl; the interassay coefficient
of variation (CV) was 2.2% to 2.3% and intra-assay CV
1.1% to 1.5%. Triglyceride values varied from 25 to
765 mg/dl; the interassay CV was 1.9% and intra-assay
CV 1.6%. LDL-C computed values ranged from 16 to
283 mg/dl and the interassay CV was 10.11%. For the
purpose of analysis, the HDL-C, LDL-C, and triglycer-
ide variables were winsorized and log-transformed to
normalize their distributions. Descriptive statistics for
these variables and the other Time 2 measures are
shown in Table 1.

Type Variable Description Range Mean or % (SD)

Demographics Education 1-12 77 (24)
Age 34-84 553 (11.8)
Gender (female) 0-1 55%

Meds and Diabetes Taking blood pressure meds 0-1 35%
Taking cholesterol meds 0-1 30%
Taking cortisol meds 0-1 4%
Taking depression meds 0-1 15%
Log of Homeostatic Model Assessment (HOMA) -33-39 0.87 (0.77)
insulin resistance ((glucose X insulin) / 405)

Health Behaviors Currently smoking cigarettes 0-1 11%
Alcoholic drinks in last month 0-240 133 (23.7)
Exercise: 20 min 3 times/week 0-1 79%
Healthy eating index (fruit/vegs, whole grains, 09-5.8 2.5(09)
white-to-red meat ratio)
BMI 149-574 29.1 (5.9)

Blood lipids® HDL-C (mg/dL) 1.34-2.08 1.72 (0.14)
Triglycerides (mg/dL) 139-254 2.05 (0.22)
LDL-C (mg/dL) 1.20-2.30 2.00 (0.15)

“Values have been winsorized and log-transformed
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Characterizing longitudinal trajectories of well-being
Following a typology previously created [19], MIDUS 1
scores (using quartile cuts) on psychological well-being
were cross-classified with scores at MIDUS 2 (using
quartile cuts). This cross-classification produced a matrix
containing 16 cells that were then divided into five cat-
egories (see Fig. 1). This matrix differentiated between re-
spondents who were stable, albeit at differing levels: low,
medium, high, and those who were decreasing or increas-
ing in well-being, which required upward or downward
change of 2+ quartiles.

Relative to longitudinal change scores, the typology
has the advantage of addressing both magnitude and dir-
ection of change, while also accounting for individual
differences in baseline levels). Per the index of reliable
change [18], 90% to 94% of MIDUS respondents did not
meet criteria for reliably increasing or decreasing on any
scale of well-being over time. However, the typology
employed slightly less stringent criteria for defining sta-
bility. Thus, across the six dimensions of well-being,
78% to 83% of respondents were classified as stable and
were fairly equally divided between low, medium, and
high levels of stability. These varieties of stability were
compared with respondents classified as changing (in-
creasing or decreasing). The portion of such cases ranged
from 17% to 22% across the six scales of well-being.

Statistical analyses

Hierarchical multiple regression analyses were performed
using the three lipid variables as outcomes. In the first
model, the demographic measures and a set of four
dummy-coded variables (Stable Lo, Stable Mid, Decreasing,

MIDUS 2

(2004-05)

Q1 Q2

Q3 Q4

MIDUS 1
(1995-96)

Fig. 1 Typology of Longitudinal Trajectories of Well-Being (Quartiles)
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Increasing) representing the different longitudinal trajector-
ies of psychological well-being were entered, with Stable Hi
serving as the reference category. In the second model,
control variables representing medication use and a meas-
ure of insulin resistance were entered. In the third model,
health behaviors were entered. This hierarchical procedure
allowed the examination of the effects of cross-time psy-
chological well-being on lipid levels in conjunction with
differing categories of control variables. By entering the tra-
jectory variables in the first model, subsequent models sug-
gested possible mediating mechanisms—particularly the
health behaviors in model 3—through which psychological
well-being may affect lipids.

Because the MIDUS biomarker sample included some
twin pairs, assumptions of independent observations are
violated. To address whether these familial dependencies
biased the results, mixed effects models with random inter-
cepts for family clusters were used to re-run analyses. The
coefficients from these analyses were used to graph signifi-
cant results from the stepwise regression procedure.

Results

Table 1 shows descriptive statistics for the MIDUS 2 var-
iables used in this analysis (demographics, medications
and insulin resistance, health behaviors, lipids). The sample
was divided fairly equally between men and women who
were 55.3 years of age on average (range: 34 to 84). About a
third of respondents were taking blood pressure or choles-
terol medications. Further health information not included
in the table: 36% of respondents met criteria for metabolic
syndrome, 33% showed blood hypertension, 10% were diag-
nosed with diabetes, and 11% reported previous cardiovas-
cular disease. With regard to blood lipids, low HDL-C (<
1.03 mmol/L (millimoles per litre) or 40 mg/dl), high tri-
glycerides (> 1.69 mmol/L or 150 mg/dL) and non-optimal
LDL-C (> 2.58 mmol/L or 100 mg/dL) were present in
20%, 28%, and 12%, respectively.

Regression analyses: Prediction of lipid outcomes from
well-being trajectories

Table 2 shows the standardized regression coefficients
and p-values for the Stable Lo and Stable Mid trajectories
relative to Stable Hi (reference category) that achieved
statistical significance in Model 1. No analyses of trajec-
tories for other aspects of well-being or for decreasing or
increasing profiles remained significant in Model 3 and
thus are not shown.

For the prediction of HDL-C, analyses revealed that
respondents with Stable Hi trajectories had significantly
higher levels of HDL than those with Stable Lo trajectories
for environmental mastery and self-acceptance. These
effects are illustrated in Fig. 2. We note that although
significant effects of psychological well-being trajectories
for personal growth and purpose in life were initially
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Table 2 Stepwise Multiple Regression Analysis of Longitudinal
PWRB Trajectories Predicting HDL-Cholesterol, Triglycerides, and
LDL-Cholesterol

Model 1° Model 2 Model 3
B P B P B p
HDL-Cholesterol
Environmental Mastery
Stable Lo —-.149 000 =123 000 =110 000
Stable Mid —-089 011 —-075 021 -077 013
Personal Growth
Stable Lo —-.085 000 —-.068 023 —-.046 105
Stable Mid —-088 008 —055 070 —-.047 105
Purpose in Life
Stable Lo -.071 034 —-.066 031 —-.044 140
Self-Acceptance
Stable Lo -.105 002 —-087 006 -058 053
Triglycerides
Environmental Mastery
Stable Lo 170 .000 132 .000 121 .000
Stable Mid 097 (O 077 023 071 034

Self-Acceptance
Stable Lo 121 001 092 .005 075 022
LDL-Cholesterol
Environmental Mastery

Stable Lo 068 082 082 024 069 057

“Model 1 included longitudinal trajectories of PWB and age, education, and
gender; Model 2 added medication use (blood pressure, cholesterol, cortisol,
depression) and insulin resistance; Model 3 added health behaviors (smoking,
alcohol, healthy eating, exercise, BMI). Only results that achieved statistical
significance for Stable Lo and Mid trajectories in Model 1 are shown
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evident in predicting HDL-C, such effects were not signifi-
cant in Model 3.

Some covariates also significantly predicted HDL levels in
Model 3 (effects not shown). Significantly higher (better)
HDL-C levels were observed in older and female respon-
dents. Respondents taking blood pressure medication,
having higher BMI, or being regular smokers had lower
HDL-C levels, while higher alcohol consumption, and
reduced insulin resistance were associated with higher
HDL-C levels.

For the prediction of triglycerides, analyses also showed
that respondents with Stable Hi trajectories in environmen-
tal mastery and self-acceptance had significantly lower
levels of triglycerides than those with Stable Low trajector-
ies (and Stable Mid trajectories for environmental mastery).
These effects are illustrated in Fig. 3. Regarding covariates,
female respondents had significantly lower levels of triglyc-
erides, as did those with a better diet. Respondents with
greater insulin resistance and higher BMI had elevated tri-
glyceride levels.

For the prediction of LDL-C, an initial effect of Stable
Hi versus Stable Lo trajectories of environmental mas-
tery was marginally significant, but was attenuated after
adjusting for biological dependencies in the data. None-
theless, the difference in LDL-C levels between Stable
Hi and Stable Lo has clinical or functional consequences
that can be expressed in a meaningful metric (see discus-
sion below).

Among covariates in Model 3, medication use (blood
pressure and cholesterol) was significantly associated
with lower LDL-C levels, as was a better diet. Increased
insulin resistance, smoking and a higher BMI, however,
were associated with elevated levels of LDL-C.
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Fig. 2 Longitudinal Trajectories of Well-Being and HDL in Model 3
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Discussion

Well-being has been linked with a range of biomarkers
and health outcomes [13-15, 17]. In this emerging research
area, some studies, mostly cross-sectional, have linked
between well-being and blood lipids (reviewed in [9]). With
regard to hedonic well-being, greater happiness was associ-
ated with lower levels of total cholesterol [1], while positive
affect correlated with higher HDL-C, but not the ratio of
total/HDL-C [32]. With regard to eudaimonic well-being,
which emphasizes proactive engagement in life and is
the focus of this study, a cross-sectional analysis of older
women reported that personal growth was inversely re-
lated to total/HDL-C ratio [32]. Personal growth and pur-
pose in life were also positively associated with HDL-C in
the same study. Additionally, low sense of coherence in
middle-aged women was correlated with lower HDL chol-
esterol and higher triglyceride levels [33]. Most recently,
greater optimism was associated with a healthy lipid pro-
file in MIDUS adults [5].

However, cross-sectional studies linking well-being
and lipids are inherently limited, although studies taking
a long-term approach are few in number. In one study,
self-sufficiency during adolescence was associated with
lower total cholesterol, but not HDL-C, in adult men,
after adjusting for lifestyle and biological factors [34];
the effects were not evident in adult women, however.
Short-term longitudinal studies of optimism and other
well-being measures (e.g., vitality) have provided mixed
evidence regarding lipids [35, 36]. The current study,
although lacking longitudinal assessment of lipids, offers
comprehensive measurement of eudaimonic well-being
evaluated twice over a 9-10 year period in a national
sample of U.S. adults. Thus, it was possible to characterize
respondents with regard to their longitudinal trajectories
of well-being and then use these characterizations to

examine variation in lipids, assessed for the first time dur-
ing the 2nd wave of the study. Adding to the novelty of
the inquiry was that most respondents showed high stabil-
ity in their reported well-being over time, albeit at notably
different levels [19]. The central question of this inquiry
was thus whether those with persistently high levels of
eudaimonic well-being would show better lipid profiles at
follow-up compared to those with persistently low levels
of well-being.

Respondents with advantaged (persistently high) levels
of environmental mastery and self-acceptance, indeed,
had significantly higher levels of HDL-C and lower levels
of triglycerides than those reporting disadvantaged (per-
sistently low) levels in these two aspects of well-being.
Such outcomes suggest that high levels of these two aspects
of well-being may be protective against atherosclerotic
cardiovascular disease, given its predictive association with
this less atherogenic lipid profile. Indeed, the 2-5 mg/dl
increase in HDL-C observed in subjects with advantaged
versus disadvantaged well-being predicts a 4—10% range in
reduction of coronary heart disease [37], similar to the
influence expected from lifestyle interventions and lipid-
modifying drugs with low-to-moderate effects on HDL-C
levels. These effects were evident after adjusting for demo-
graphic and health factors as well as accounting for bio-
logical dependencies in the data.

The initial analysis (Model 1) showed that time trajec-
tories in different psychological well-being components
(environmental mastery, personal growth, purpose in
life, and self-acceptance) were associated with differ-
ences in HDL-C or triglyceride levels, such effects only
remain significant for environmental mastery and self-
acceptance in Model 3. These findings suggest that co-
variates used in Model 2 and 3 are possibly involved as
mediators between well-being parameters and HDL-C
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and triglyceride levels. Why was the effect of environ-
mental mastery and self-acceptance on lipids not ob-
served for other aspects of psychological well-being,
such as purposeful life engagement, positive relation-
ships with others, and personal growth — many of which
have been linked to biological risk factors as well as
morbidity and mortality outcomes (see [17] for a review
of prior findings)? We hypothesize that in the same way
that different physiological systems matter for different
disease outcomes, it may also be the case that different
psychological factors are relevant for different physio-
logical consequences and/or biomarkers. For instance,
purpose in life and positive interpersonal relations -but
not other components of eudaimonic well-being- correlated
with interleukin-6, a well-known inflammatory marker [38].
In addition, only purpose in life has been associated with
better glucoregulation (i.e., lower glycosylated hemoglogin
(HbAlc)) in Japanese [39], but not American [40] subjects.
Furthermore, personal growth was the only eudemonic
well-being variable that predicted reduced risk for meta-
bolic syndrome both cross-sectionally and longitudinally
[41]. As a whole, these emerging findings from the present
study as well as previous investigations point to quite differ-
entiated patterns of effects, in which distinct components
of eudaimonic well-being are aligned with different health
outcomes, including biological risk or protective factors.
Continuing inquiries are needed to establish the replicative
consistency of these observed patterns.

It is important to note that longitudinal trajectories of
psychological well-being were not linked to variations in
LDL-C levels. Such results converge with findings from
previous investigations on other positive psychosocial re-
sources, such as sense of coherence [33] and optimism
[5], which have also showed links with HDL-C and tri-
glycerides but not LDL-C. Relatedly, studies of personal-
ity traits such as conscientiousness and impulsivity have
also been more consistently associated with HDL-C and
triglycerides rather than with LDL-C or total cholesterol
[42]. This convergence with previous reports strengthens
confidence in the findings reported in our analysis.

Conclusions

These results as well as previously reported associations
between positive psychosocial resources and cardiovas-
cular disease associations (reviewed in [9, 43, 44]) have
possibly important implications for the development of
novel non drug-based strategies for management of residual
cardiovascular risk remaining after intensive LDL-C lower-
ing with statin therapy. For example, “well-being therapy”
has been shown to be effective in treating individuals with
psychological disorders, such as depression or anxiety
[45, 46]. The central focus of such therapy is to increase
patients’ experiences of psychological well-being. Outside
the clinical context, preventive interventions have been
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conducted in school and community settings to increase
the well-being of adolescents and older persons [47-50].
The take-home message is that aspects of psychological
well-being, which increasingly show protective benefits
(reduced profiles of biological risk, reduced morbidity,
extended longevity), are modifiable. Through targeted
interventions, they can be enhanced, thereby increas-
ingly the proportion of individuals in the general popula-
tion who might experience the health benefits associated
with heightened psychological well-being.

Limitations of the current inquiry must be considered.
Although the analysis benefited from longitudinal assess-
ments of psychological well-being, lipids were measured
only at a single point in time. Future inquiries of long-term
assessments of both well-being and lipids are needed to
clearly discern patterns of causal influence between the two
domains of assessment. As noted above, the obtained pat-
terns were evident for only select aspects of psychological
well-being and two of three lipid assessments. The replica-
tive consistency of these effects needs to be examined. Of
particular importance for future inquiry are studies that
address the mechanistic pathways through which reported
levels of well-being might influence lipids, such as daily
health practices (e.g., healthy eating, regular exercise regi-
mens, not smoking). Although based on a national sample
of U.S. adults, this inquiry is also limited to a single socio-
cultural context. Whether the findings generalize to other
countries with different dietary practices and perhaps differ-
ent cultural formulations of well-being are important future
directions.

Despite such limitations, linkages of eudaimonic well-
being with various physical, health and/or disease out-
comes are growing in scientific prominence and include
findings that extend beyond the cardiovascular system,
such as lower prevalence of neurodegenerative disorders,
overall healthy aging, and longer life expectancy [15, 17].
Interestingly, higher HDL-C levels have been present
across diverse outcomes, including studies of memory
[26], dementia [27], and increased longevity in various
populations [28]. A better blood lipid profile, particularly
higher HDL-C, may be key in mediating how psycho-
logical well-being impacts disease, health and length of
life. Whether these linked well-being/lipid profiles are
associated with less disease is important and will be ex-
amined as additional longitudinal data on the MIDUS
sample accumulates. Further research is also required to
explicate potential underlying HDL-dependent mecha-
nisms, such as anti-oxidant and anti-apoptotic properties
of HDL particles beyond HDL-C levels and reverse chol-
esterol transport [51-54].

In summary, these findings add multiple novel advances
to the emerging literature linking psychological well-being
to lipid profiles: (1) the research utilizes a national longitu-
dinal sample of adults to examine these relationships,
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thereby strengthening the generalizability and potential
applicability of the findings; (2) the analysis employs longi-
tudinal assessments of psychological well-being to predict
baseline lipid profiles — all prior research has relied on
cross-sectional data to connect these two domains; and
(3) the approach to the cross-time measurement of psy-
chological well-being distinguishes between cumulative
cross-time profiles — specifically, between those who are
persistently high versus persistently low in their experi-
ences of psychological well-being. The central findings are
that those with persistently high well-being show better
lipid profiles (i.e., higher HDL levels, lower triglycerides)
compared to those with persistently low well-being. No
prior research has linked longitudinal assessments of well-
being to lipids in a national sample of adults.

Abbreviations

BMI: Body Mass Index; CHD: Coronary Heart Disease; CV: Coefficient of
Variation; HbA1c: glycosylated hemoglobin; HDL: High Density Lipoproteins;
HDL-C: High Density Lipid Cholesterol; LDL: Low Density Lipoproteins; LDL-
C: Low Density Lipid Cholesterol; mg/dl: milligrams per deciliter; MIDUS: Midlife in
the United States; mmol/L: millimoles per Liter; PWB: Psychological Well-Being

Acknowledgements
None.

Funding

The MIDUS 1 study (Midlife in the U.S.) was supported by the John D. and
Catherine T. MacArthur Foundation Research Network on Successful Midlife
Development. The MIDUS 2 research was supported by the National Institute
on Aging (P01-AG020166) to conduct a longitudinal follow-up of the MIDUS
investigation. MIDUS 2 was further supported by the following grants M01-
RR023942 (Georgetown), MO1-RR00865 (UCLA) from the General Clinical
Research Centers Program and TULTRR025011 (UW) from the Clinical and
Translational Science Award (CTSA) program of the National Center for
Research Resources, National Institutes of Health. A Rigotti was supported
by FONDECYT Grant #1150399 from the Comisién Nacional de Investigacion
Cientifica y Tecnoldgica, Chile.

Availability of data and materials

The datasets analyzed in the current manuscript are available at the
Inter-university Consortium on Political and Social Research (ICPSR) data
archive, http://www.icpsr.umich.edu/icpsrweb/ICPSR/series/00203

Authors’ contributions

BTR analyzed the data regarding psychological well-being, lipid biomarkers,
and sociodemographic covariates. All authors interpreted the findings, were
substantial contributors in writing the manuscript, and read and approved
the final manuscript.

Author’s information

BTR and CRD have a long history studying psychological determinants of
health and positive aging. AR has previously worked in lipid and lipoprotein
metabolism. The current publication represents an effort from the authors to
reduce the gap between psychological and biomedical science to reach a
more integrated biopsychosocial perspective of the human being in health
and disease.

Ethics approval and consent to participate

Data for the MIDUS study was collected under protocols 03-01-28 and
2001-113 approved by the UW-Madison Education and Social/Behavioral
Science Institutional Review Board. Both protocols addressed informed
consent procedures to the IRB's satisfaction.

Consent for publication
Not applicable.

Page 8 of 9

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

"University of Wisconsin-Madison Institute on Aging, 2245 Medical Science
Center, Madison, WI 53703, USA. 2Departamento de Gastroenterologia,
Pontificia Universidad Catdlica, Marcoleta #367, interior, Santiago, Chile.

Received: 17 August 2017 Accepted: 17 December 2017
Published online: 03 January 2018

References

1. Rahe RH, Rubin RT, Gunderson EK, Arthur RJ. Psychologic correlates of
serum cholesterol in man. A longitudinal study. Psychosom Med. 1971;33(5):
399-410.

2. Boston PF, Dursun SM, Reveley MA. Cholesterol and mental disorder. Br J
Psychiatry. 1996;169(6):682-9.

3. Manfredini R, Caracciolo S, Salmi R, Boari B, Tomelli A, Gallerani M. The
association of low serum cholesterol with depression and suicidal behaviours:
new hypotheses for the missing link. J Int Med Res. 2000;28(6):247-57.

4. Papakostas Gl, Ongur D, losifescu DV, Mischoulon D, Fava M. Cholesterol in
mood and anxiety disorders: review of the literature and new hypotheses.
Eur Neuropsychopharmacol. 2004;14(2):135-42.

5. Boehm JK, Williams DR, Rimm EB, Ryff C, Kubzansky LD. Relation between
optimism and lipids in midlife. Am J Cardiol. 2013;111(10):1425-31.

6. Ryff CD, Singer BH, Love GD. Positive health: connecting well-being with

biology. Philos Trans R Soc Lond Ser B Biol Sci. 2004;359:1383-94.

Friedman EM, Hayney M, Love GD, Singer BH, Ryff CD. Plasma interleukin-6

and soluble IL-6 receptors are associated with psychological well-being in

aging women. Health Psychol. 2007;26(3):305-13.

Tsenkova V, Love GD, Singer BH, Ryff CD. Coping and positive affect predict

longitudinal change in glycosylated hemoglobin. Health Psychol. 2008,27(2,

Suppl):S163-5171.

9. Boehm JK Kubzansky LD. The heart's content: the association between
positive psychological well-being and cardiovascular health. Psychol Bull.
2012;138(4):655-91.

10.  Boyle PA, Buchman AS, Barnes LL, Bennett DA. Effect of a purpose in life on
risk of incident Alzheimer disease and mild cognitive impairment in
community-dwelling older persons. Arch Gen Psychiatry. 2010,67(3):304-10.

11. Boyle PA, Buchman AS, Bennett DA. Purpose in life is associated with a
reduced risk of incident disability among community-dwelling older
persons. Am J Geriatr Psychiatry. 2010;18(12):1093-102.

12. Cohen S, Alpen CM, Doyle WJ, Treanor JJ, Turner RB. Positive emotional
style predicts resistance to illness after experimental exposure to rhinovirus
or influenza a virus. Psychosom Med. 2006,68:809-15.

13. Chida Y, Steptoe A. Positive psychological well-being and mortality: a
quantitative review of prospective observational studies. Psychosom Med.
2008;70(7):741-56.

14.  Pressman SD, Cohen S. Does positive affect influence health? Psychol Bull.
2005;131(6):925-71.

15. Ryff CD, Heller AS, Schaefer SM, van Reekum C, Davidson RJ. Purposeful
engagement, healthy aging, and the brain. Curr Behav Neurosci Rep.
2016;3(4):318-27.

16.  Ryff CD. Happiness is everything, or is it? Explorations on the meaning of
psychological well-being. J Pers Soc Psychol. 1989,57(6):1069-81.

17. Ryff CD. Psychological well-being revisited: advances in the science and
practice of eudaimonia. Psychother Psychosom. 2014;83(1):10-28.

18.  Christensen L, Mendoza JLA. Method of assessing change in a single
subject: an alteration of the RC index. Behav Ther. 1986;17(3):305-8.

19.  Ryff CD, Radler BT, Friedman EM. Persistent psychological well-being
predicts improved self-rated health over 9-10 years: longitudinal evidence
from MIDUS. Health Psychol Open. 2015;2(2)

20.  Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH,
Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM et al. 2013 ACC/AHA
guideline on the treatment of blood cholesterol to reduce atherosclerotic
cardiovascular risk in adults: a report of the American College of Cardiology/

~


http://www.icpsr.umich.edu/icpsrweb/ICPSR/series/00203

Radler et al. Lipids in Health and Disease (2018) 17:1

21,

22.

23.

24.

25.
26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

American Heart Association task force on practice guidelines. J am Coll
Cardiol. 2014;63(25 Pt B):2889-2934.
Colantonio LD, Bittner V. Managing residual risk after myocardial infarction

among individuals with low cholesterol levels. Cardiol Clin. 2015;33(2):299-308.

Fruchart JC, Davignon J, Hermans MP, Al-Rubeaan K, Amarenco P, Assmann
G, Barter P, Betteridge J, Bruckert E, Cuevas A, et al. Residual macrovascular
risk in 2013: what have we learned? Cardiovasc Diabetol. 2014;13:26.
Bestehorn K, Smolka W, Pittrow D, Schulte H, Assmann G. Atherogenic
dyslipidemia as evidenced by the lipid triad: prevalence and associated
risk in statin-treated patients in ambulatory care. Curr Med Res Opin.
2010;26(12):2833-9.

Sirimarco G, Labreuche J, Bruckert E, Goldstein LB, Fox KM, Rothwell PM,
Amarenco P. Atherogenic dyslipidemia and residual cardiovascular risk in
statin-treated patients. Stroke. 2014;45(5):1429-36.

Barter PHDL. A recipe for longevity. Atheroscler Suppl. 2004;5(2):25-31.
Singh-Manoux A, Gimeno D, Kivimaki M, Brunner E, Marmot MG, Low HDL.
Cholesterol is a risk factor for deficit and decline in memory in midlife: the
Whitehall Il study. Arterioscler Thromb Vasc Biol. 2008;28(8):1556-62.
Zuliani G, Cavalieri M, Galvani M, Volpato S, Cherubini A, Bandinelli S, Corsi
AM, Lauretani F, Guralnik JM, Fellin R, et al. Relationship between low levels
of high-density lipoprotein cholesterol and dementia in the elderly. The
InChianti study. J Gerontol A Biol Sci Med Sci. 2010;65(5):559-64.

Milman S, Atzmon G, Crandall J, Barzilai N. Phenotypes and genotypes of
high density lipoprotein cholesterol in exceptional longevity. Curr Vasc
Pharmacol. 2014;12(5):690-7.

Radler BT, Ryff CD. Who participates? Accounting for longitudinal retention
in the MIDUS National Study of health and well-being. J Aging Health.
2010;22(3):307-31.

Love GD, Seeman TE, Weinstein M, Ryff CD. Bioindicators in the MIDUS
national study: protocol, measures, sample, and comparative context.

J Aging Health. 2010,22(8):1059-80.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem. 1972;18(6):499-502.

Ryff CD, Love GD, Urry HL, Muller D, Rosenkranz MA, Friedman EM, Davidson
RJ, Singer BH. Psychological well-being and ill-being: do they have distinct or
mirrored biological correlates? Psychother Psychosom. 2006;75:85-95.
Svartvik L, Lidfeldt J, Nerbrand C, Samsioe G, Schersten B, Nilsson PM.
Dyslipidaemia and impaired well-being in middle-aged women reporting
low sense of coherence. The Women's health in the Lund area (WHLA)
study. Scand J Prim Health Care. 2000;18(3):177-82.

Twisk JW, Snel J, Kemper HC, van Mechelen W. Relation between the
longitudinal development of personality characteristics and biological
and lifestyle risk factors for coronary heart disease. Psychosom Med.
1998;60(3):372-7.

Richman LS, Kubzansky LD, Maselko J, Ackerson LK, Bauer M. The
relationship between mental vitality and cardiovascular health. Psychol
Health. 2009;24(8):919-32.

Shepperd JA, Maroto JJ, Pbert LA. Dispositional optimism as a predictor of
health changes among cardiac patients. J Res Pers. 1996;30(4):517-34.

Di Angelantonio E, Sarwar N, Perry P, Kaptoge S, Ray KK, Thompson A,
Wood AM, Lewington S, Sattar N, Packard CJ, et al. Major lipids,
apolipoproteins, and risk of vascular disease. JAMA. 2009;302(18):1993-2000.
Friedman EM, Ryff CD. Living well with medical comorbidities: a biopsychosocial
perspective. J Gerontol B Psychol Sci Soc Sci. 2012,67(5):535-44.

Boylan JM, Tsenkova VK, Miyamoto Y, Ryff CD. Psychological resources and
glucoregulation in Japanese adults: findings from MIDJA. Health Psychol.
2017;36(5):449-57.

Tsenkova VK, Love GD, Singer BH, Ryff CD. Socioeconomic status and
psychological well-being predict cross-time change in glycosylated
hemoglobin in older women without diabetes. Psychosom Med.
2007;69(8):777-84.

Boylan JM, Ryff CD. Psychological well-being and metabolic syndrome:
findings from the midlife in the United States national sample. Psychosom
Med. 2015;77(5):548-58.

Sutin AR, Terracciano A, Deiana B, Uda M, Schlessinger D, Lakatta EG, Costa
PT Jr. Cholesterol, triglycerides, and the five-factor model of personality. Biol
Psychol. 2010,84(2):186-91.

Dubois CM, Beach SR, Kashdan TB, Nyer MB, Park ER, Celano CM, Huffman
JC. Positive psychological attributes and cardiac outcomes: associations,
mechanisms, and interventions. Psychosomatics. 2012;53(4):303-18.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 9 of 9

Nitsche MP, Bitran M, Pedrals N, Echeverria G, Rigotti A. Recursos psicosociales
positivos y salud cardiovascular. Rev Med Chil. 2014;142(10):1316-23.

Fava GA, Ruini C, Rafanelli C, Finos L, Conti S, Grandi S. Six-year outcome of
cognitive behavior therapy for prevention of recurrent depression. Am J
Psychiatry. 2004;161(10):1872-6.

Fava GA, Ruini C, Rafanelli C, Finos L, Salmaso L, Mangelli L, Sirigatti S. Well-
being therapy of generalized anxiety disorder. Psychother Psychosom. 2005;
74(1):26-30.

Friedman EM, Ruini C, Foy R, Jaros L, Sampson H, Ryff CD, Lighten UP. A
community-based group intervention to promote psychological well-being
in older adults. Aging Ment Health. 2017;21(2):199-205.

Ruini C, Belaise C, Brombin C, Caffo E, Fava GA. Well-being therapy in school
settings: a pilot study. Psychother Psychosom. 2006;75(6):331-6.

Ruini C, Ottolini F, Tomba E, Belaise C, Albieri E, Visani D, Offidani E, Caffo E,
Fava GA. School intervention for promoting psychological well-being in
adolescence. J Behav Ther Exp Psychiatry. 2009,40(4):522-32.

Ruini C, Ryff CD. Using eudaimonic well-being to improve lives. In: Wood
AM, Johnson J, editors. The Wiley handbook of positive clinical psychology:
an integrative approach to studying and improving well-being. Hoboken,
NJ: Wiley-Blackwell; 2016. p. 153-66.

Gordon SM, Hofmann S, Askew DS, Davidson WS. High density lipoprotein:
it's not just about lipid transport anymore. Trends Endocrinol Metab.
2011;22(1):9-15.

Karlsson H, Kontush A, James RW. Functionality of HDL: antioxidation and
detoxifying effects. Handb Exp Pharmacol. 2015,224:207-28.

Rosenson RS, Brewer HB Jr, Ansell B, Barter P, Chapman MJ, Heinecke JW,
Kontush A, Tall AR, Webb NR. Translation of high-density lipoprotein
function into clinical practice: current prospects and future challenges.
Circulation. 2013;128(11):1256-67.

Rye KA, Barter PJ. Cardioprotective functions of HDLs. J Lipid Res. 2014;55(2):
168-79.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Sample
	Demographic, biomarker and health measures
	Characterizing longitudinal trajectories of well-being
	Statistical analyses

	Results
	Regression analyses: Prediction of lipid outcomes from well-being trajectories

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Author’s information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

