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Objectives: The aim of this study was to examine whether health-related self-protection (e.g., using positive reappraisals or avoiding
self-blame) prevents lonely older adults from exhibiting increases in diurnal cortisol secretion and higher levels of C-reactive protein
(CRP). Methods: This longitudinal study (n = 122) examined diurnal cortisol levels (area under the curve) at baseline and 2-year
follow-up. Levels of CRP were measured at 6-year follow-up. The main predictors included baseline levels of loneliness and health-
related self-protection. Results: Among lonely participants, baseline self-protection predicted an amelioration of 2-year increases in
diurnal cortisol volume (A = j.34, p = .03) and lower levels of CRP at 6-year follow-up (A = j.42, p = .006). These significant
associations were not found among nonlonely participants (A G .14, p = .33). In addition, mediation analyses demonstrated that the
buffering effect of self-protection on lonely older adults’ levels of CRP at 6-year follow-up was statistically mediated by 2-year changes
in cortisol volume (A = j.16, p = .06). Conclusions: These findings suggest that lonely older adults may ameliorate biologic
disturbances if they engage in self-protection to cope with their health threats. Key words: diurnal cortisol, C-reactive protein,
loneliness, self-protection. Aging.

AUC = area under the curve; CRP = C-reactive protein; BMI = body
mass index; SES = socioeconomic status.

INTRODUCTION

Feelings of loneliness are increasingly recognized to com-
promise quality of life (1,2). Such adverse consequences

of loneliness are likely to be especially pronounced in older
adulthood (3) when most individuals experience a normative
loss of resources and increasing health threats (4,5). Indeed,
lonely older adults may find managing health-related threats
particularly challenging, and the stress that ensues may con-
tribute to patterns of biologic dysregulation (e.g., cortisol
disturbance or heightened systemic inflammation). However,
theory and research also suggest that older adults can cope with
health threats and prevent such problems if they engage in self-
protective control strategies (5,6). Some examples of self-
protective control strategies are positive reappraisals, where a
person focuses on positive aspects in the context of a problem,
and the avoidance of self-blame for the occurrence of a health
problem itself. In the current research, we tested these ideas
using four waves of data from a longitudinal study of older
adults. We expected that self-protective strategies would pre-
vent lonely older adults, over time, from exhibiting increases in
cortisol output and heightened systemic inflammation.

Mounting evidence suggests that feelings of loneliness in-
crease individuals’ vulnerability to a variety of physical health
problems (1,7Y10). Moreover, the processes that underlie the
loneliness-health link could be related to individuals’ increased

vulnerability to biologic dysregulation (11). In this regard, lonely
individuals may accumulate health-related problems because
they construe their world as threatening (12), and these views
trigger stress-related disturbances in endocrine functioning and
disrupt the regulation of inflammation (7,13,14).

In support of such a process, studies have documented that
feelings of loneliness are associated with poor health behaviors,
greater diurnal cortisol secretion (7,13,15,16), and higher levels
of the inflammatory biomarker C-reactive protein (CRP) (17).
A recent study that used a functional genomic methodology
found evidence suggesting that loneliness was associated with
an underlying resistance to glucocorticoid signaling (18). This
tendency could explain why lonely individuals simultaneously
have both high levels of cortisol and inflammatory biomarkers.

Empirical evidence further suggests that associations be-
tween loneliness and patterns of morbidity and mortality can be
particularly strong in older adulthood (3). This effect may be
related to the previously discussed biologic consequences of
loneliness, given that inflammation can play a key role in the
development of a wide range of physical health problems as-
sociated with aging (e.g., cardiovascular disease, functional
disability, or mortality) (19Y23). Furthermore, the stress-related
biologic disturbances associated with loneliness could ac-
crue from normative health threats that are experienced by
most individuals in older adulthood (e.g., physical symptoms,
functional declines, or chronic illness) (24). Such adverse ef-
fects of common age-related challenges may be exacerbated
among lonely older adults because they lack emotionally sat-
isfying social networks that are useful for regulating the dis-
tress generated by normative health threats. By contrast, older
adults who perceive themselves as socially embedded should
be less likely to accumulate stress-related problems because
their relationships may facilitate the management of normative
health challenges. This argument is consistent with research
documenting that the adaptive value of satisfying personal rela-
tionships and emotional closeness becomes increasingly im-
portant for older adults’ emotion regulation and the resulting
benefits for mental and physical health (25,26).

Although the discussed literature suggests that lonely older
adults’ could display inflammation due to age-normative chal-
lenges and associated cortisol dysregulation, some studies did
not find any relations between loneliness and cortisol patterns
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in either younger or older adults (1). In addition, there is evi-
dence suggesting that feelings of loneliness do not always ex-
plain large portions of variance in health-related outcomes
(27,28). To reconcile these mixed findings, we reason that
there may be certain psychological factors that could counter-
act downstream biologic consequences of feelings of loneli-
ness. In this regard, the Motivational Theory of Life-Span
Development postulates that older adults who engage in self-
protective control strategies can forestall the mental and phys-
ical health declines associated with age-related challenges (5).
These control strategies involve making positive reappraisals
or external attributions for health threats (e.g., seeing the sil-
ver lining or avoiding self-blame for problems) and have been
shown to benefit older adults’ mental and physical health
(6,29,30). Such adaptive effects are likely to be observed if
self-protective strategies foster acceptance of, and disengage-
ment from, problems that cannot be overcome through a per-
son’s active coping behaviors (5,31).

The documented benefits of health-related self-protection
imply that these strategies could act as something akin to a
stress buffer among older adults who are lonely (for a review on
stress-buffering functions of coping resources, see Ref. 32).
Given that lonely older adults often lack satisfying social net-
works that could provide emotional and/or tangible support,
internal self-protection processes could facilitate the manage-
ment of normative health threats and thereby prevent down-
ward spirals in mental and physical health. By contrast, the use
of health-related self-protection may generally be less neces-
sary among older adults who do not feel lonely because they
can rely on emotionally satisfying networks that help them
to adjust to age-related challenges. In sum, we propose that
health-related self-protection can become paramount among
lonely older adults because the emotional benefits of these
strategies are likely to counteract some of the psychological and
biologic processes through which feelings of loneliness con-
tribute to physical health problems.

To test this hypothesis, we analyzed data from a 6-year
longitudinal study of older adults and compared biologic out-
comes among relatively lonely versus nonlonely participants.
Given that loneliness can produce adverse biologic effects in
the context of widespread and normative health threats in older
adulthood, we expected that relatively lonely participants would
experience increases in diurnal cortisol output over a 2-year
follow-up period and heightened levels of the inflammatory
biomarker CRP at 6-year follow-up. In addition, we predicted
that higher baseline levels of health-related self-protection
would enable participants to cope with normative health threats
and prevent these biologic problems from occurring among
lonely participants. Finally, we tested whether the inflammatory
benefits associated with lonely participants’ self-protection
would be mediated by prospective reductions in cortisol output.

METHODS
Participants
The data stem from a longitudinal study of community-dwelling older

adults known as the Montreal Aging and Health Study (33). Participants were

recruited through newspaper advertisements. The only inclusion criterion was
that participants had to be older than 60 years because we were interested in
examining a normative sample of older adults. After contacting the laboratory,
participants were invited for an initial appointment. Participants who were un-
able to visit the laboratory were assessed in their homes. This project was
approved by the university research ethics board, and informed consent was
obtained from all participants.

In 2004, we enrolled the first wave of a heterogeneous sample of 215 older
adults from the Montreal area. The 2- and 4-year follow-ups included 184 and
164 participants, respectively. One hundred thirty-seven participants were in-
cluded in the 6-year follow-up. Study attrition from baseline to 6-year follow-up
was attributable to being deceased (n = 23), refusing to participate further
(n = 9), being unable to locate participants (n = 19), or having other personal
problems that precluded participation (n = 27). Study attrition was not signif-
icantly associated with baseline measures of the study variables, except for
participants’ age. Older, as compared with younger, participants were more
likely to discontinue their study participation over time (t128.91 =j2.46, p = .02).
The analyses for testing our hypotheses are based on 122 participants because
we excluded 15 participants who did not provide any data on CRP or cortisol.1

Materials
The main study variables incorporated measures of participants’ health-

related self-protection, loneliness, diurnal cortisol rhythms, and CRP. In addi-
tion, the study included a number of sociodemographic (i.e., age, sex, and
socioeconomic status [SES]) and health-related (i.e., chronic illness, smoking,
body mass index (BMI), and cortisol-related medication usage) covariates.

Health-related self-protection was measured at baseline by administering
three items from a previously validated self-report questionnaire (6). These
items were developed based on the ‘‘Motivational Theory of Life-Span De-
velopment’’ (5) and represent core aspects of self-protective secondary control
(i.e., external attributions and positive reappraisals) (29,34). The specific items
were ‘‘Even if my health is in very difficult condition, I can find something
positive in life,’’ ‘‘When I am faced with a bad health problem, I try to look at
the bright side of things,’’ or ‘‘When I find it impossible to overcome a health
problem, I try not to blame myself.’’ The items were answered with 5-point
Likert-type scales (0 = almost never true to 4 = almost always true), and an
indicator of participants’ health-related self-protection was obtained by com-
puting a mean score of the three items (> = .73).

Loneliness was measured at baseline by asking the participants at the end
of three nonconsecutive typical days to what extent they felt ‘‘lonely’’ or
‘‘isolated’’ during the day. These two items have been used for assessing
loneliness in previous research (35). The participants responded to the items by
using 5-point Likert-type scales, ranging from 0 (very slightly or not at all) to 4
(extremely). For each day, the two items were correlated (r values = 0.36Y0.59,
p values G .001), and we computed the sum scores of the two items (MD1

[SDD1] = 0.40 [1.01], MD2 [SDD2] = 0.36 [1.05], MD3 [SDD3] = 0.39 [0.96]).
This loneliness composite was relatively stable across the 3 days of assessment
(r values = 0.55Y0.67, p values G .001), so we formed a global indicator by
summing the daily values (> = .82). The range of loneliness in our sample was
comparable with other studies with older community-dwelling adults (36,37).
Specifically, 30.3% (n = 37) of our participants reported some feelings of
loneliness across the three measurement days. In addition, the validity of the
loneliness measure was indicated by associations between loneliness and less
satisfactory (r = j0.30, p = .001) and smaller (r = j0.16, p = .08) social
support networks (38).

Diurnal cortisol rhythms were measured across three nonconsecutive typ-
ical days, at both baseline and 2-year follow-up. We asked the participants to

1The 15 excluded individuals did not differ statistically from the remaining 122
participants with regards to age, sex, chronic illness, smoking, BMI, cortisol-
related medication, self-protective coping or loneliness (all p values 9 .18). In
cases in which single values of variables were missing, we replaced them with
the sample mean. Missing replacement related to participants who did not
provide cortisol values at 2-year follow-up (n = 7), baseline covariates, and main
predictors (range of missing values = 0 [chronic illness] to 2 [BMI]).
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collect saliva samples as they engaged in their normal daily activities. On each
of the 3 days, participants collected five saliva samples (by using salivettes)
at specific times of the day: awakening, 30 minutes after awakening, 2 PM,
4 PM, and bedtime. Participants were asked not to eat or brush their teeth
immediately before saliva collection to prevent contamination with food or
blood. They were provided with a timer that they had to set at 30 minutes at the
time they collected their first saliva sample after awakening. To ensure com-
pliance concerning the collection of the afternoon and evening samples, par-
ticipants were called at 2 PM and 4 PM. They were further instructed to collect
the last sample of the day by themselves at the time they went to bed. The actual
time of day was recorded by the participants for all of the collected saliva
samples. The saliva samples were stored in participants’ home refrigerators
until they were returned to the laboratory 2 to 3 days after the collection was
completed (39). After the saliva containers were returned to the laboratory, they
were frozen until the completion of the study. Cortisol analysis was performed
at the University of Trier, in duplicate, using a time-resolved fluorescence im-
munoassay with a cortisol-biotin conjugate as a tracer (40). The intra-assay
coefficient of variation was less than 5%; the interassay variability has been
found to be routinely 10%.

Across both assessments, we obtained typical patterns of cortisol secretion
over the 3 days, demonstrating high levels at awakening (Ms [SDs] =
12.45Y13.91 [6.33Y8.58]), peaking 30 minutes after awakening (Ms [SDs] =
16.76Y19.90 [9.96Y12.27]), and continuously decreasing over the later part
of the day (2 PM: Ms [SD] = 5.38Y6.68 [2.99Y4.06]; 4 PM: Ms [SDs] =
4.88Y5.39 [3.06Y4.11]; and bedtime: Ms [SDs] = 3.18Y3.70 [3.06Y4.77]). All
raw cortisol values were log transformed to stabilize variance, and total diurnal
cortisol secretion was indexed by calculating the area under the curve (AUC) for
each collection day using trapezoidal estimation (based on hours after awak-
ening). AUC was chosen because it captures individual differences in cumu-
lative tissue exposure to cortisol, which could, in turn, affect the immune
system’s capacity to regulate systemic inflammation. AUC was calculated for
days on which participants provided five saliva samples (on average, 5.52 of the
6 days). For each wave, AUC was averaged across collection days to obtain a
stable indicator of individual differences in diurnal cortisol secretion. At wave 1,
95.9% of our sample had either complete cortisol data or missing data on only one
of the three measurement days (93.4% at wave 2). We computed a measure of
changes in cortisol secretion over time by predicting 2-year follow-up levels from
baseline levels of cortisol (AUC) and saving the standardized residuals. Partici-
pants’ diurnal cortisol levels were significantly correlated with each other across
waves (see Table 2) and did not significantly increase from baseline to 2-year
follow-up (t121 = 0.59, p =.55).

CRP was measured as an indicator of systemic inflammation at 6-year
follow-up. CRP was not measured during earlier waves of the study. We col-
lected capillary whole blood from participants on filter paper by using a finger
prick. A disposable, single-use lancet was used to deliver a controlled, uniform
puncture to the finger, and up to five drops of blood was collected on a filter
paper designed for this purpose (Whatman 903; GE Healthcare, Piscataway,
NJ). Samples were allowed to dry and subsequently stored in a freezer with
desiccant in resealable plastic bags until completion of the study. CRP was
analyzed in the Laboratory for Human Biology Research at Northwestern
University using a high-sensitivity enzyme immunoassay protocol (41,42).
Prior validation of the blood-spot CRP method has shown good sensitivity and
reliability, as well as high correlations between CRP levels obtained from
matched plasma and blood-spot samples (41). The median CRP concentration at
6-year follow-up was 0.98 mg/l (25th percentile: 0.51 and 75th percentile: 2.13).

Covariates. To minimize the likelihood of spurious associations, we in-
cluded a number of covariates into our analyses that could influence cortisol or
CRP. These variables included baseline levels of participants’ age, sex, SES,
chronic illness, smoking, and BMI and cortisol-related medication use. SES
was assessed by averaging the standardized scores of participants’ highest level
of education, yearly family income, and perceived SES (> = .69) (43). Baseline
levels of chronic illness were measured by counting the presence of 17 different
health problems (e.g., coronary heart disease, cancer, osteoarthritis, or diabe-
tes). Smoking was indexed as whether cigarettes were used daily. BMI was
defined as the individuals’ self-reported body weight (in kilograms) divided by
the square of their self-reported height (in meters). Finally, use of medications
that could be associated with cortisol secretion was indexed as whether parti-

cipants took any medications that either contained glucocorticoids or have
known influences on hypothalamic-pituitary-adrenal axis activity (e.g., anti-
depressants, A-blockers, or anti-inflammatory drugs).

DATA ANALYSES
We tested our hypotheses in two sets of regression analy-

ses. In the first set, we examined whether health-related self-
protection would be associated with lower levels of CRP at
6-year follow-up in lonely (but not in nonlonely) participants.
To this end, we tested the interaction effect between health-
related self-protection and loneliness on levels of CRP at 6-year
follow-up for significance. In a second set, we investigated
whether the interaction effect between health-related self-
protection and loneliness on CRP levels at 6-year follow-up
would be statistically mediated by 2-year reductions of diur-
nal cortisol secretion. Mediation was examined by conducting
bootstrap analyses (44), which examined whether 2-year changes
in cortisol secretion would exert an indirect effect on the in-
teraction between health-related self-protection and loneliness
on CRP at 6-year follow-up. The mediation analysis was based
on 5000 bootstraps, and the indirect effect was evaluated as
significant if the 95% bias-corrected confidence interval of the
indirect effect did not cross zero (44). All analyses controlled
for sociodemographic (i.e., age, sex, and SES) and health-
relevant (i.e., chronic illness, smoking, BMI, and cortisol-related
medication use) covariates, and predictor variables were stan-
dardized before conducting the analyses.

RESULTS
Sample
Table 1 provides a description of the sample, and Table 2

reports the zero-order correlations between the main constructs.
Participants used in the analyses were, on average, 72 years
old, and approximately half of the sample were women. They
reported an average of two to three chronic health problems,
and their mean BMI was between normal and overweight.
Thirty-four percent obtained an undergraduate degree or a
higher education, and the minority of the sample smoked. Most
of the sample took medication that either contained gluco-
corticoids or can influence hypothalamic-pituitary-adrenal axis
activity. The participants’sociodemographic characteristics and
health status were within the normative range for older adults
residing at home (45).

Main Analyses
We examined whether health-related self-protection was

associated with CRP among lonely participants by conducting
a hierarchical regression analysis. The analysis predicted CRP
at 6-year follow-up by baseline levels of loneliness and self-
protection and the covariates (step 1), followed by the interac-
tion between loneliness and self-protection (step 2). The results
of the analyses are reported in Table 3. None of the incorpo-
rated covariates or main effects were significantly associated
with levels of CRP at 6-year follow-up (F values(1,112) G 2.15,
R2 values G 0.02, p values 9 .15), except for smoking (F(1,112) =
11.01, R2 = 0.08, p = .001). Participants who smoked at base-
line exhibited higher levels of CRP 6 years later than did their
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nonsmoking counterparts (A = .30, p G .01). In fact, the in-
clusion of smoking as a covariate into the multivariate model
rendered the zero-order correlation between self-protective
strategies and CRP nonsignificant. This finding appeared be-
cause smokers, as compared with nonsmokers, also engaged in
lower levels of self-protection (see Table 2).

Of importance, the second step of the analysis demonstrated
a significant two-way interaction effect between loneliness and
self-protection on CRP at 6-year follow-up (F(1,111) = 5.64,
p = .02). To illustrate the significant interaction effect, we
plotted in Figure 1 the association between health-related self-
protection (1 SD above and below the sample mean) and levels
of CRP at 6-year follow-up, separately for participants who
experienced relatively high (+1 SD) and no loneliness (46). In
support of our hypotheses, Figure 1 shows that baseline lev-
els of self-protection were significantly associated with lower
levels of CRP at 6-year follow-up among relatively lonely

TABLE 1. Means, Standard Deviations, and Frequencies of
Main Study Variables (n = 122)

Constructs M (SD) or Percentagea Range

C-reactive protein (mg/l)

6 y 1.58 (1.69) 0.09Y10.76

Diurnal cortisol (AUC)
(log nmol/l h)

2 y 13.04 (2.32) 6.64Y19.14

Baseline 12.87 (2.70) 5.04Y20.53

Self-protection (T1) 3.06 (0.78) 0.33Y4.0

Loneliness (T1) 1.13 (2.58) 0Y15

No. chronic health
problems (T1)

2.24 (1.61) 0Y8

Age, y 71.61 (5.00) 64Y85

Male, % 49.2

Socioeconomic status 3.30 (1.07) 0.33Y6.33

Education (T1)b 2.09 (1.09) 0Y4

Yearly family income (T1)c 1.57 (1.23) 0Y5

Perceived socioeconomic
status (T1)

6.25 (1.71) 0Y10

Smoking (T1), % 8.2

Body mass index (T1) 25.54 (3.69) 16.49Y40.79

Cortisol-related medication, % 78.7

M = mean; SD = standard deviation; AUC = area under the curve.
a M and SD are presented for continuous variables.
b Education was indexed as 0 = no education, 1 = high school, 2 = trade, and
3 = masters or doctorate.
c Income was indexed as 0 = less than $17,000, 1 = up to $34,000, 2 = up to
$51,000, 3 = up to $68,000, 4 = up to $85,000, and 5 = more than $85,000.

TABLE 2. Zero-Order Correlations Between Covariates and Main Constructs

1 2 3 4 5 6 7 8 9 10 11

1. Age

2. Sex (female) .09

3. Socioeconomic status j.01 j.26**

4. Chronic health problems .00 j.16 j.12

5. Smoking j.12 j.13 j.10 .12

6. Body mass index j.19* j.04 j.19* .23** .08

7. Cortisol-related medication j.00 .09 j.14 .45** .08 .20*

8. C-reactive protein (6 y) j.05 j.03 j.16 .09 .34** .12 j.03

9. Cortisol volume (2 y) j.05 j.12 .24** j.13 j.02 .13 j.08 .29**

10. Cortisol volume (baseline) j.02 j.24** j.04 j.10 .24** .05 j.06 .23** .31**

11. Loneliness (baseline) .16 .09 j.31* j.01 j.00 j.01 j.01 .04 j.02 j.05

12. Self-protection (baseline) .05 .03 .07 .06 j.22** j.16 .01 j.21* j.11 j.07 j.12

* p G .05.
** p G .01.

TABLE 3. Hierarchical Regression Analyses Predicting Levels of
C-Reactive Protein at 6-Year Follow-Up by Baseline Levels

of Loneliness and Health-Related Self-Protection

Baseline predictors

C-Reactive Protein at 6-y
Follow-Up

R2 A

Main effects

Age 0.00 j.00

Sex 0.00 .03

Socioeconomic status 0.00 j.04

Chronic health problems 0.01 .10

Smoking 0.08 .30**

Body mass index 0.00 .07

Cortisol-related medication 0.01 j.12

Loneliness 0.00 .01

Self-protection 0.02 j.13

Interaction

Loneliness � self-protection 0.04* j.21*

R2 values represent the unique proportion of variance explained in each step of
analyses. A represents standardized regression coefficient in each step of
analyses.
* p G .05.
** p G .01.
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participants (A =j.42, p = .006) but not among their nonlonely
counterparts (A = .13, p = .37).2

Next, we examined whether 2-year changes in cortisol se-
cretion would mediate the observed interaction effect between
health-related self-protection and loneliness on levels of CRP at
6-year follow-up. To this end, we repeated the previously
reported analyses for predicting CRP by additionally incorpo-
rating 2-year changes in cortisol secretion as a potential me-
diator (using the ‘‘indirect SPSS macro’’) (44).3

The results of the mediation analyses are illustrated in
Figure 2 and demonstrated that the interaction effect between
health-related self-protection and loneliness was also a sig-
nificant predictor of 2-year changes in diurnal cortisol secre-
tion (F(1,111) = 4.00, p = .048). In addition, Figure 2 shows
that 2-year increases in diurnal cortisol secretion were signifi-
cantly associated with higher levels of CRP at 6-year follow-up
(F(1,111) = 10.39, A = .29, R2 = 0.07, p = .002). Finally, the
previously reported interaction effect between self-protection
and loneliness on CRP was rendered nonsignificant (F(1,110) =
3.52, A =j.16, R2 = 0.02, p = .06) if 2-year changes in cortisol
secretion were included as a mediator into the analysis. Boot-
strap analysis confirmed that 2-year changes in cortisol secre-
tion exerted a significant indirect effect on the interaction effect
between self-protection and loneliness on levels of CRP at
6-year follow-up (95% bias-corrected confidence interval =
j0.378 to j0.001).

To interpret the obtained mediation effect, we plotted in
Figure 3 the association between health-related self-protection
(1 SD above and below the sample mean) and 2-year changes in
diurnal cortisol secretion, separately for participants who ex-
perienced relatively high (+1 SD) and no loneliness. The
obtained pattern of interaction closely resembled the results
found for predicting CRP at 6-year follow-up. In particular,
self-protection significantly predicted 2-year decreases in cor-
tisol secretion among lonely participants (A =j.34, p = .03) but
not among participants who did not feel lonely (A = .14, p = .33).
This pattern of results lends support to a scenario in which
health-related self-protection contributed to a decline of lonely
participants’diurnal cortisol section for 2 years, which, in turn,
was associated with lower levels of CRP at 6-year follow-up.

DISCUSSION
The results from this study suggest that self-protective strat-

egies may ameliorate some of the adverse biologic consequences

Figure 1. Associations between baseline levels of health-related self-protection
(1 SD above and below the sample mean) and CRP at 6-year follow-up, sep-
arately for participants who experienced no loneliness (n = 85) and loneliness
levels 1 SD above sample mean. SD = standard deviation; CRP = C-reactive
protein.

Figure 2. Mediation model examining whether 2-year changes in cortisol
volume mediate the interaction effect between health-related self-protection and
loneliness on C-reactive protein (CRP) at 6-year follow-up. Note. Values rep-
resent standardized regression coefficients. The coefficient in parentheses
represents the unique effect, not controlling for the mediator. Bootstrap analyses
showed that 2-year changes in diurnal cortisol volume exerted a significant
indirect effect on the association between the interaction of loneliness and
health-related self-protection with CRP at 6-year follow-up.

Figure 3. Associations between baseline levels of health-related self-protection
(1 SD above and below the sample mean) and 2-year changes in cortisol vol-
ume, separately for participants who experienced no loneliness (n = 85) and
loneliness levels 1 SD above sample mean. SD = standard deviation.

2Follow-up analyses estimating the regions of significance indicated that the
effect of self-protection on lower levels of CRP at 6-year follow up was sig-
nificant for participants who scored greater than 0.20 SDs above the sample
mean of loneliness.
3The reported pattern of results of the regression and mediation remained
identical if we predicted, or controlled for, 2-year levels of cortisol secretion
(instead of 2-year changes in cortisol secretion) and additionally included
baseline levels of cortisol secretion, the interaction between self-protection
and loneliness, and the reported covariates into the analyses.
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of loneliness in older adulthood. More specifically, the findings
showed that, among lonely older adults, the use of health-related
self-protection buffered against 2-year increases in cortisol se-
cretion and was associated with lower levels of CRP at 6-year
follow-up. In addition, mediation analyses showed that the
obtained differences in CRP were partly attributable to self-
protection’s association with cortisol output during the initial
2 years of the study. No effects of self-protection were observed
among older adults who did not feel lonely.

This pattern of findings suggests that among lonely older
adults, the capacity to cope internally with common health threats
is a contributor to later biologic outcomes. Those lonely older
adults who reframe problematic health circumstances positively
and do not blame themselves for health-related threats can pre-
vent increases in diurnal cortisol secretion over time. Further-
more, by reducing cortisol output, self-protective strategies seem
to be able to forecast lower CRP 4 years later. By contrast, lonely
older adults who do not use self-protective strategies to manage
their health threats are at risk for showing higher levels of bio-
markers associated with disease and disability. In fact, our anal-
yses of the regions of significance suggest that self-protection
starts having a significant influence on CRP among partici-
pants who experienced levels of loneliness that were only a fifth
of an SD above the sample mean. Although only 30% (n = 37)
of our sample reported any feelings of loneliness, this finding
may mean that relatively small increases in loneliness can have
measurable implications for older adults’ health-related pro-
cesses, unless they engage in self-protective processes.

The results further imply that using health-related self-protection
is less influential among older adults who do not feel lonely,
presumably because they can rely on social relationships to fa-
cilitate the management of age-normative health threats. These
conclusions are consistent with life-span developmental theories
of socioemotional and motivational functioning, which postulate
that adaptive control striving (5) and emotionally gratifying so-
cial relationships (47) can foster pathways to successful aging.

We think that the observed benefits of health-related self-
protection may occur because most older adults are confronted
with managing a loss of resources and the occurrence of physical
health threats (4,5). Nonetheless, it is also possible that vari-
ability in the experience of health threats could additionally
contribute to the observed process. Post hoc analyses, exam-
ining this possibility revealed a significant two-way interaction
between baseline self-protection and chronic illness in pre-
dicting CRP at 6-year follow-up (F(1,111) = 5.44, p = .02; but
not 2-year changes in cortisol secretion), indicating that among
individuals who reported many (but not few) chronic health
problems, self-protective strategies were associated with lower
levels of CRP at 6-year follow-up (A = j.31, p = .009).5

However, there was no significant three-way-interaction be-
tween loneliness, self-protection, and chronic illness in pre-

dicting cortisol or CRP, which implies that health-related
self-protection becomes increasingly adaptive if both lonely
and nonlonely older adults confront a higher level of health
threats. Supposedly, this process may have been observed
not only among lonely but also among nonlonely, older
adults because supportive social networks could become less
sufficient in the context of particularly high levels of health
threats, and even socially embedded older adults may need
to engage in self-protection in these circumstances.

Finally, our findings contribute to knowledge about how
psychosocial factors modulate cross talk between glucocorti-
coids and inflammation (18,48,49). We found that self-protective
strategies forecasted a reduction in cortisol secretion 2 years
later. This reduced cortisol output was, in turn, associated with
lower CRP 4 years later. At first blush, these findings may
seem difficult to reconcile because cortisol generally has anti-
inflammatory properties. However, sustained exposure to high
levels of cortisol may render innate immune cells partially re-
sistant to glucocorticoid inhibition, allowing inflammation to
escape normal regulatory controls (49,50). Indeed, evidence of
glucocorticoid resistance has emerged in functional genomic
studies of lonely individuals (18).

Overall, the study’s findings have important implications for
understanding pathways to successful aging. Given that they
can accentuate the impact of normatively occurring age-related
challenges, feelings of loneliness are likely to aggravate bio-
logic dysregulation in older adulthood (3). In such circum-
stances, the psychological benefits derived from the use of
self-protective strategies can protect emotional resources and
free up time and energy for the pursuit of other important
(health-related) activities (5). Through this mechanism, self-
protective processes could buffer against some downstream
consequences of loneliness, like inflammation. Given the role
of inflammation in the pathophysiology of several major dis-
eases (51,52), this mechanism could have generalized benefits
for older adults’ long-term health.

In addition, the findings contribute to the literature on so-
cioemotional functioning. Although there is evidence that
loneliness can affect mental and physical health, and the bio-
logic processes that underlie them, such effects have not been
found consistently across studies (1,27,28,53). Our research
provides an explanation for these inconsistent findings by
suggesting that variability in the effects of loneliness can be
associated with individual differences in self-protective cop-
ing. This implies that socioemotional problems can interact
with self-regulation processes in predicting health-related out-
comes, and adaptive self-regulation becomes particularly im-
portant for promoting successful aging among individuals
who feel lonely.

Finally, the present research may have some implications
for clinical treatment. Given that the use of adaptive con-
trol strategies can be improved in therapy (54), interventions
should aim at teaching lonely older adults how to engage in4Follow-up analyses estimating the regions of significance showed that the

effect of self-protection on 2-year reduction in cortisol secretion was signifi-
cant for participants who scored 0.88 SDs above the sample mean of
loneliness.

5This interaction, however, did not statistically explain the previously reported
interaction effect of loneliness and self-protection on CRP, or vice versa.

R. RUEGGEBERG et al.

942 Psychosomatic Medicine 74:937Y944 (2012)

Copyright © 2012 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



self-protective control strategies. The implementation of such
programs could reduce stress-related biologic problems among
lonely older adults and perhaps, as a result, dampen their sys-
temic inflammation.

There are limitations to this study. First, we measured levels
of CRP only at 6-year follow-up and did not include earlier
assessments of CRP. This implies that the results reporting
effects on levels of CRP need to be interpreted cautiously be-
cause they are based on longitudinal but not prospective anal-
yses. As a consequence, it is possible that individual differences
in CRP levels were already present at baseline and could
have contributed to participants’ coping responses, feelings of
loneliness, and cortisol secretion. In turn, given that our results
could equally be due to baseline differences in CRP levels
rather than change in CRP over time, we cannot draw conclu-
sions about the direction of effects. However, there are several
reasons to believe that this limitation does not seriously com-
promise the overall interpretation of findings. First, baseline
measures of psychological variables predicted reliable 2-year
changes in diurnal cortisol secretion, which were associated
with CRP at 6-year follow-up. Second, we note that our study
also included cortisol levels at 6-year follow-up. In this regard,
supplemental analyses showed that, unlike earlier measured
cortisol output, concurrent (6-year follow-up) levels of cortisol
were unrelated to levels of CRP (r = 0.01, p = .95), which
provides additional evidence for a potential directional effect of
cortisol on CRP. Third, CRP levels were unrelated to baseline
levels of chronic illness, which makes it unlikely that CRP
levels influenced coping responses among lonely individuals
because they reflected underlying chronic illness. Finally, our
empirical results are consistent with general models of health,
suggesting that the association between psychological risk
factors and immune function can be conferred through stress
hormones such as cortisol (55,56). Nonetheless, we recommend
that future studies should assess psychological, endocrine, and
immune variables over multiple time points to substantiate our
findings.

Second, although the reported results generally support our
hypotheses, cortisol changes and levels of CRP among non-
lonely individuals were somewhat higher than those of lonely
individuals who used self-protective strategies. Although these
differences were neither expected nor statistically significant,
they could result from the experience of additional stressors
that are not experienced by lonely individuals. For example,
even satisfying social support networks may sometimes pro-
duce challenges (e.g., having arguments). In this regard, we
suggest that future research should include more fine-grained
measures about specific social interactions to address this
possibility empirically.

Third, we focused in our analysis on the overall volume of
cortisol secretion because we reasoned that such cumulative
concentrations of cortisol output across day are particularly
likely to show reliable associations with psychological and in-
flammatory variables. However, other research has demonstrated
that loneliness is also associated with a flattened diurnal corti-
sol slope and an increased cortisol awakening response (27).

Follow-up analyses of our data showed that this was not the case
for our sample because changes in these alternative cortisol in-
dices were associated neither with the interaction between
loneliness and self-protection nor with levels of CRP at 6-year
follow-up.

Fourth, although our analysis included a number of covari-
ates, there may be underlying personality constructs that could
have influenced older adults’ feelings of loneliness and coping
responses and, through this process, caused the observed effects
on participants’ biologic disturbances. A trait that could pro-
duce such effects is neuroticism (57,58). We note that our study
included a baseline measure of neuroticism (59), and subse-
quently conducted follow-up analyses revealed that all reported
effects remained significant if individual differences in neu-
roticism were taken into account.

Finally, the present research did not capture the complexity
associated with the management of age-related challenges. For
example, our theoretical model (24,30) would suggest that the
observed effects of psychological predictors on inflammation
could contribute to a higher likelihood of developing subse-
quent physical disease (56). Addressing these possibilities more
comprehensively would have been beyond the scope of the
present study because we did not have the data to examine links
between CRP and changes in physical health outcomes. How-
ever, given the complex and often reciprocal processes involved
in older adults’ psychological, biologic, and physical health,
research along these lines is warranted and has the potential to
contribute to maintaining older adults’ quality of life.
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