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Abstract

Background Social support is a strong and consistent
predictor of health outcomes, and social isolation predicts
increased morbidity and mortality. The mediating processes
are not completely understood.

Purpose The purpose of the study is to investigate
associations between social isolation and cardiovascular
and lipid responses to acute stress in the laboratory, and
cortisol profiles over the day.

Methods Cardiovascular and lipid responses to acute stress
tasks, and salivary cortisol monitoring, were carried out in
238 healthy middle-aged men and women from the White-
hall I cohort. Social isolation was measured using an
adapted version of the Close Persons Questionnaire.
Results Social isolation was associated with slower post-
task recovery of systolic blood pressure in men and women,
a higher cholesterol response to stress in men only, and also
with larger cortisol awakening responses and greater
cortisol output over the day in both men and women.
Conclusions The impact of social isolation on cardiovas-
cular disease risk may be mediated through stress-related
dysregulation of cardiovascular, metabolic, and neuroendo-
crine processes.
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Introduction

Social relationships are of fundamental importance to
health, and social support is a strong and consistent
predictor of health outcomes [1]. Social support can be
measured from a structural or functional perspective, and
these may have different effects on health outcomes.
Structural support refers to the size, density, and reciprocity
of the person’s social network, and social isolation is
associated with increased risk of premature mortality and
chronic disease morbidity [1, 2]. Functional support reflects
the availability of certain types of aid, such as practical
support and emotional support. Evidence suggests that both
of these measures of social relationships impact on health
[3]. Social networks and support may affect health both
through behavioral pathways such as influences on healthy
lifestyles and adherence to medical recommendations or
through direct psychobiological processes [4]. Prospective
epidemiological cohort studies have documented associa-
tions between lack of social engagement and risk of
cardiovascular mortality that remain significant after be-
havioral factors, comorbidity, and socioeconomic status
(SES) are taken into account [5].

Although the biological correlates of social isolation and
social support can be investigated in large-scale epidemio-
logical observational studies, more detailed insight is
obtained through laboratory psychophysiological studies,
in which physiological responses are assessed under
controlled conditions, or by carrying out naturalistic
biological monitoring in everyday life [6]. Laboratory
studies investigating the effects of social support on
biological responses have tended to focus on manipulating
the availability of support [5]. Less is known about the
impact of social isolation and prevailing social support on
acute stress responses.
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The influence of social networks and social support on
acute stress responses has been mixed. An early study by
Uchino et al. [7] showed that social support attenuated heart
rate (HR) reactions to acute stress in older but not younger
family caregivers for people with Alzheimer’s disease. This
age effect was replicated in a later study that did not
involve caregivers [8]. Knox [9] reported that diastolic
blood pressure (DBP) was higher at rest and following
acute stress tasks in students with low perceived support,
with no differences in systolic blood pressure (SBP). In a
later study involving students, there was no main effect of
perceived social support on cardiovascular reactivity, but an
interaction with hostility, such that greater hostility was
associated with larger BP reactions among individuals with
high but not low social support [10]. More recently,
Nausheen et al. [11] showed no relationship between a
measure of structural social support and BP or HR
responses to the Trier Social Stress test, but satisfaction
with support was inversely related to HR reactivity. To
complicate matters further, Hughes [12] found that among
female students, greater social support was related to lower
BP reactivity, while in male students, the reverse effect was
present. Wirtz et al. [13] reported that low perceived social
support was associated with greater epinephrine responses
to stress in hypertensive but not normotensive adults. Only
one study has measured the effects of social support on
post-stress recovery, with evidence that greater support is
associated with faster BP recovery [14]. Poor blood
pressure recovery has been associated with a range of poor
health outcomes [15, 16] and is implicated with increased
allostatic load [17]. Thus, although several studies have
observed potentially protective effects on cardiovascular
reactivity, results have varied with support measure, gender,
age, and health status. The focus of the present study was
on social connectedness and its inverse, social isolation,
since these have been related consistently to health out-
comes. The first aim of the current study was to assess the
relationship between social isolation and acute cardiovas-
cular responses to stress, investigating both reactivity and
recovery.

Most studies have measured cardiovascular responses
such as BP and HR, but another important indicator is the
lipid response to stress. Cholesterol is a clinically recog-
nized predictor of coronary heart disease and is implicated
with the development of atherosclerosis. There is extensive
evidence that the level of circulating lipids is raised in
response to acute stress and emotional arousal [18, 19], and
it has also been found that individual differences in acute
cholesterol response predict future fasting lipid levels
longitudinally [20]. An elevated level of circulating
cholesterol is a major risk factor for coronary heart disease,
leading to increased infiltration into the intima medial layer
of the vessel wall. The relationship between social
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connectedness and lipid responses to acute mental stress
has not been evaluated before. The second aim of our study
was to investigate associations between social isolation and
lipid responses to acute stress.

Gender differences may be important modulators of
these responses. As noted earlier, cardiovascular stress
responses have been related differently to social support in
men and women [12], and previous work has shown gender
differences in lipid response to stress [21]. There is also
evidence that men and women differentially utilize social
environments in stressful circumstances and that these
patterns may be associated with different psychobiological
responses [22]. Consequently, we tested for gender differ-
ences in associations between stress responses and social
isolation.

Naturalistic monitoring studies provide a useful insight into
how daily lives affect biological systems and are more
ecologically valid than laboratory-based stress tasks [6]. Most
previous work in this area has investigated ambulatory BP
and HR in relation to social support [23-27]. However, there
is some evidence suggesting that cortisol and social support
are related. In a sample of Swedish adults, a steeper diurnal
cortisol profile was observed in those with higher levels of
social support [28]. The rate of decline of cortisol over the
day is one marker of hypothalamic—pituitary—adrenocortical
(HPA) axis function that may be clinically relevant [29, 30].
Stetler et al. [31] showed that cortisol slopes were flatter
among students with low levels of social interaction,
although in a more recent investigation, experimental
manipulation of social contacts had no overall effect on
cortisol slopes [32]. In addition, two other indicators of
cortisol output over the day were assessed. The first is
the cortisol awakening response (CAR), the rise in cortisol
that occurs over the first 3045 min after waking. Both
increases and decreases in CAR have been related to
psychosocial risk factors [33], but no previous research
has linked the CAR and social connectedness. Second, we
measured cortisol output over the day, since this has been
related both to chronic stress exposure [34] and to
potentially protective factors such as adaptive coping [35].
The third aim of our study was therefore to investigate the
relationship between CAR, cortisol diurnal slope, and
cortisol output over the day and social isolation.

Social isolation was defined in this study in terms of
objective indicators of social connectedness, but it also has
psychological correlates. The subjective experience of
loneliness is determined in part by perceived lack of social
companionship and has previously been associated with
cardiovascular, neuroendocrine, and immune responses
[36-38]. We therefore tested whether associations between
social isolation and biological responses were due to
loneliness effects by adding loneliness as a covariate to
the analyses.
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In summary, we expected to find disturbed cardiovascu-
lar responses to stress in more isolated participants,
manifest either in greater cardiovascular reactivity or
impaired recovery. We anticipated that cholesterol would
be elevated post-stress and that this response would be
more pronounced in more isolated participants. We also
hypothesized that social isolation would be associated with
larger CARs, greater cortisol output over the day, and with
a flatter cortisol diurnal slope.

Methods
Participants

Participants were drawn from the Whitehall II cohort, a
sample of 10,308 London-based civil servants. The original
cohort was recruited between 1985 and 1988 to investigate
the effects of demographic, psychosocial, and biological
risk factors of coronary heart disease [39]. One hundred and
twenty eight men and 110 women took part in the current
study, which was originally carried out to investigate
associations between socioeconomic status (SES) and
psychobiological responses [40]. Inclusion criteria were
age between 45 and 59 years, living in the London area,
full-time working with no plans to retire within 3 years, no
history of coronary heart disease, no history of hyperten-
sion or medication for hypertension, and no medication that
might affect cortisol levels. Participants also agreed to take
part in ambulatory blood pressure monitoring (data not
discussed here). It was decided to include only participants
of white European origin as there is evidence of ethnic
difference in cardiovascular reactivity, and ethnic minorities
are not well represented in the Whitehall II cohort. Higher
(administrative and professional), intermediate (senior
executive officers), and lower (executive officers, clerical,
office support) grades of employment were included in this
study.

Measures

A social isolation index was created using three items
adapted from the Close Persons Questionnaire [41].
Participants were asked if they lived alone, saw relatives
less than once a month and/or never had any contact with
relatives, and saw friends less than once a month and/or
never had any contact with friends. Each item was
answered as “yes” (scored as 1) or “no” (scored as 0),
and these responses were then summed to give a total
isolation score. Social isolation scores could therefore range
from 0 (no isolation) to 3 (maximum isolation). Because
few participants scored the maximum of 3, the groups
scoring 2 or 3 were collapsed. Comparisons were therefore

made between low (0), medium (1), and high (2-3) social
isolation groups.

A previous analysis of this dataset tested associations
between stress reactivity and loneliness [36]. Since loneli-
ness is related to social isolation, we included it as a
covariate in the analyses. Loneliness was assessed using the
UCLA loneliness scale [42]. This consists of 20 items such
as “I feel that no one knows me really well” and
participants rate how often they have felt that way on a
scale from 1 “never” to 4 “often”. Ratings were then
summed to give a total loneliness score which could range
from 20 (low) to 80 (high).

Blood pressure (BP) and heart rate in the laboratory were
monitored continuously using a Portapres-2, a portable
version of the Finapres that shows good reliability and
accuracy in a range of settings [43]. Blood was collected in
serum gel tubes and centrifuged immediately at 2,500 rpm
for 10 min at room temperature. The serum was removed
and snap frozen at —70 until analysis. Total cholesterol was
measured in a centrifugal analyzer by enzymatic colorimet-
ric methods, and HDL cholesterol was determined after
dextran sulfate—magnesium chloride precipitation of non-
HDL cholesterol. LDL cholesterol is typically computed by
using the Friedewald equation. However, the Friedewald
equation is not accurate when triglyceride levels are high
and is not recommended for studies of nonfasting values.
Consequently, we assessed lipid responses in terms of total
cholesterol and total:HDL-cholesterol ratio. An increase in
the total: HDL cholesterol ratio implies a selective elevation
in non-HDL cholesterol.

Laboratory Session Procedure

Each participant underwent a psychophysiological stress
testing session in the laboratory. Two challenging behav-
ioral tasks were administered, a color-word interference
task, and a mirror-tracing task (see [40] for details). In the
first task, a color word (e.g.,. blue, yellow) was presented
on a computer screen in an incongruous color. At the
bottom of the screen, the names of four colors were
displayed written in another color. Participants were
required to press a computer key that corresponded to the
location of the correct color for the word presented. The
second task involved tracing a mirror image of a star using
a metal stylus. Participants were told that the average
person was able to complete five circuits of the star in the
time allowed and were asked to give priority to accuracy
rather than speed throughout both tasks. Participants also
rated their current level of stress at baseline, immediately
after each task, and during the recovery period, on a seven-
point Likert scale ranging from 1 “low” to 7 “high”.
Participants were tested individually in either morning or
afternoon sessions in a light and temperature-controlled
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laboratory. Before the study, they were asked not to drink
alcohol or have exercised in the evening before or during
the day of testing, and not to drink caffeinated drinks or
have smoked within 2 h of their research appointment.
Body measurements were taken by a research nurse
including height, weight, and waist circumference. A
questionnaire was used to collect data about smoking,
drinking, and medication usage. The Portapres was fitted,
and a 21-gauge venous cannula was inserted after which
the participant rested for 30 min. Systolic and diastolic
BP and heart rate were monitored over the last 5 min of
this period to provide baseline values, after which the
baseline blood sample was drawn. The two tasks were
then performed, each lasting for 5 min. The order of
tasks was randomized across participants. Cardiovascular
monitoring continued throughout the tasks, and a second
blood sample was taken immediately after the two tasks
for the analysis of lipids. Blood pressure and heart rate
recovery following tasks was indexed by a 5-min average
obtained 40- to 45-min post-task.

Cortisol Measures in Daily Life

Saliva samples were collected using cotton dental rolls held
in the mouth until saturated, and then stored in Salivette
tubes (Sarstedt, Leicester, UK). Participants were instructed
to take ten samples over a single working day, with
measures on waking up, 30 min later, and then within
eight 30-min time windows space at two hourly intervals
through the day and evening (08.00-08.30, 10.00-10.30 ...
22.00-22.30). Participants were told not to eat, drink tea or
coffee, or smoke in the 30 min before each sample was
collected. The time of waking was also recorded. Tubes
were returned to the investigators personally or by post, and
cortisol was analyzed using a biotin—streptavidin fluores-
cence immunoassay, with inter- and intra-assay coefficients
of variation <8%.

Statistical Analyses

The participant characteristics of the three social isolation
groups were compared using Chi-square tests for categor-
ical data and univariate analysis of variance for continuous
data. Mean values of systolic and diastolic BP and heart
rate were calculated for the last 5 min of the baseline, the
two 5-min trials, and minutes 40-45 post-tasks (recovery
period). The two tasks were then averaged to produce a
mean task value. Blood pressure, heart rate, and subjective
stress responses were analyzed using repeated measures
analysis of variance with trial (baseline, tasks, recovery) as
the within-person factor and social isolation and gender as
between-person factors. The Greenhouse—Geisser correc-
tion of df was applied when the sphericity assumption was

@ Springer

violated, but unadjusted dfs are presented in the “Results”
section. We also controlled for the effects of age, grade of
employment, body mass index, smoking status, and
baseline level in analyses of BP and heart rate reactivity
(tasks—Dbaseline), since these factors are known to influ-
ence responses [40]. Analyses of recovery (45 min—
baseline) additionally controlled for reactivity, since more
reactive individuals might take longer to recovery following
stress. For lipid measures, we analyzed the total cholesterol
and total/HDL cholesterol ratio using repeated measures
analysis of variance with trial (baseline, task) as the
between-person factor and social isolation and gender as
between-person factors. Lipid reactivity was analyzed as
change between baseline and tasks, controlling for smoking
status, grade of employment, body mass index, and age.
Three participants were taking statin medication, and they
were excluded from the lipid analyses. Analyses were
repeated with loneliness as an additional between-person
factor, to discover whether associations of biological
responses with social isolation remained significant once
loneliness is taken into account, or interacted with
loneliness. Equipment, blood sampling, or assay failure
resulted in some loss of data, so the number of participants
analyzed for each variable was as follows: systolic BP—
224, diastolic BP—226, heart rate—223, lipids—222.

Separate analyses were carried out of the CAR, cortisol
diurnal slope, and cortisol output over the working day. The
CAR was defined as the difference between levels on
waking and 30 min later. Based on previous analyses of this
dataset, participants were excluded from the CAR analysis
of the reported time between waking and taking the
“waking” cortisol sample which was >10 min [44]. Cortisol
was measurable on both waking and 30 min samples in 184
participants, but 31 were excluded, leaving 153 in the
analysis. Separate analyses of covariance of cortisol levels
on waking and the CAR were conducted, with age, gender,
grade of employment, smoking status, BMI, and time of
waking as covariates.

The cortisol diurnal slope was computed as the differ-
ence between values on waking and the average of the last
two cortisol samples (20.00-20.30 and 22.00-22.30) over
the day. Cortisol output over the day was estimated using
the area under the curve method described by Pruessner and
colleagues [45] using the eight measures obtained between
0800 and 2230 hours, and is expressed as output in nmol/
1 per hour. The relationship with social isolation was again
assessed with repeated measures analysis of variance,
controlling for age, gender, grade of employment, smoking
status, BMI, and time of waking, since these factors all
influence cortisol levels [46, 47]. The CAR and cortisol
output over the day were normally distributed, but the
cortisol slope were skewed so log transformed before
analysis. Results are presented as means + SD.
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Results

Participant characteristics are detailed in Table 1. Just over
half (129/238) participants had low social isolation scores,
with 85 (36%) with medium and 24 (10%) with high social
isolation scores. The three social isolation groups did not
differ in proportion of men and woman, age, employment
grade, smoking status, body mass index, baseline BP, heart
rate, or cholesterol. As can be seen in Table 1, participants
had BP and cholesterol levels in the normal range on
average. Loneliness varied with social isolation, being
higher in more socially isolated participants (F(2235=
10.18, p<0.001, nﬁ = .08).

Laboratory Stress Responses

The pattern of BP, heart rate, and cholesterol responses is
summarized in Table 2. Repeated measures analysis of
variance confirmed significant effects of trial for systolic
BP (F(2,436):239.34, p<0001, T]Z = 52), diastolic BP
(F(2,440):263.8, p<0001, 7]127 = 55), heart rate (F(2’434):
225.5, p<0.001, 17]3 = .51), total cholesterol (F(; 213,=57.3,
p<0.001, 77; = .21), total/HDL-cholesterol ratio (F(; 212)=
10.3, p=0.002, 77127 = .04), and subjective stress (F(2448)=
355.4, p<0.001, 77!2, =.61). It can be seen that the tasks
induced substantial increases in cardiovascular activity and
subjective stress, with return toward baseline by 45 min
post-tasks. Both total cholesterol and total/HDL-cholesterol
also increased in response to behavioral tasks. There were
large individual differences both in responses to tasks and
in rate of post-task recovery in all variables.

Systolic BP responses to tasks did not differ across
social isolation groups either before or after adjustment for
covariates (F(2,223):0.50, p:061 and F(2’218)20.75, pP=
0.47), and there was no interaction with gender. There was

Table 1 Characteristics of the low, medium and high social isolation
groups, and baseline physiological activity [means + SD or N (%)]

Low Medium High
Men/women N 75/54 43/42 10/14
Age, years 52.5+2.7 52.1£2.6 51.843.2
Employment grade, 37 (28.7) 24 (28.2) 7 (29.2)
% low grade
Current smokers N 14 (10.9) 8(9.4) 0 (0)
Body mass index, kg/m? 25.7+£3.7 25.6+3.8 25.0£4.0
Loneliness 34.2+8.7 37.6+9.6 42.9+10.5
Systolic blood pressure, 114.7+12.9 116.6+13.8 116.7+13.6
mm Hg
Diastolic blood pressure, 70.7£9.9 71.1+£10.1  68.3+8.9
mm Hg
Heart rate, bpm 64.1+£8.1 65.2+9.7 67.3£11.6
Total cholesterol mmol/l 5.38+0.92 5.46+0.87 5.52+0.99
Total/HDL cholesterol ratio 3.65+1.1 3.69+1.3 3.63+1.1

Table 2 Cardiovascular and lipid responses to tasks [means + SD or
N (%)]

Baseline Tasks Recovery
Systolic BP (mmHg) 115.3£13.2 137.7+£19.9 121.2+£15.5
Diastolic BP (mmHg) 70.5+9.9 84.1+11.7  75.5+11.1
Heart rate (bpm) 60.0£9.0 72.0£10.1  63.2+8.3
Total cholesterol (mmol/l) 543+0.89 5.59+0.91
Total/HDL-cholesterol ratio  3.67+1.14  3.71+1.15
Subjective stress 1.43+0.77 4.00+1.50 1.38+0.71

no main effect of social isolation on systolic blood pressure
recovery before adjustment for covariates (F2220)=2.32, p=
0.10). However, there were significant differences in post-
task recovery between social isolation groups (Fiz2is5=
3.05, p=0.049, 1712, = .03), after adjustment for age, grade of
employment, smoking status, BMI, baseline systolic BP,
and systolic BP responses to tasks. There was no interaction
with gender. As can be seen in Fig. 1, the low social
isolation group had more effective systolic BP recovery
than the other groups, with differences (adjusted for
covariates) between recovery and baseline averaging 4.50+
10.1, 7.64+£9.2, and 7.47+£8.4 mmHg in the low, medium,
and high social isolation groups. The social isolation effect
remained significant when loneliness was entered into the
model (p=0.05), and social isolation and loneliness did not
interact in determining systolic BP recovery. There were no
differences related to social isolation in relation to diastolic
BP, heart rate, or subjective stress ratings.

The analysis of total/HDL-cholesterol ratio responses to
stress showed a significant interaction between gender and
social isolation, before and after adjustment for covariates
(F2,212y=3.32, p=0.041, nf, = .03 and F(;707,=3.08, p=
0.047, 7712, = .03). The adjusted means are shown in Fig. 2,
controlling for baseline total/hdl level, age, grade of
employment, BMI, and smoking status. It is apparent that
socially isolated men had large total/HDL-cholesterol
responses to stress, while social isolation was not related
to responsivity in women. This was confirmed in post hoc
analyses of the two genders separately, in which the
difference between social isolation groups was significant
in men (p=0.025) but not women (p=0.98). When
loneliness was included as a factor in the analysis, the
effect of social isolation remained significant in men (p=
0.033), and no interaction with loneliness was observed.

Cortisol Over the Day
The profile of salivary cortisol in the three social isolation
groups is shown in Fig. 3. Participants woke on average at

0639 hours, with no differences between groups. Cortisol
levels did not differ between groups on waking, and there
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was no effect of social isolation before adjustment for
covariates (F2,151)=0.85, p=0.427), but there was a signif-
icant effect of social isolation on the CAR (F(2,143,=3.03, p=
0.022, 17[2) = .04), after adjustment for age, grade of
employment, BMI, smoking status, cortisol level on waking,
and time of waking. This effect did not interact with gender.
The CAR averaged 8.7+15.6, 8.4+12.9, and 17.5+
15.8 nmol/l in the low, medium, and high social isolation
groups, indicating that more isolated individuals had greater
CARs. The association between the CAR and social isolation
remained significant after loneliness was included in the
analysis (p=0.031), and did not interact with loneliness.
The analysis of cortisol output over the day also revealed
a main effect of social isolation (F(2,142)=3.03, p=0.015,
77,2, = .04), after adjustment for age, grade of employment,
BMI, smoking status, and time of waking. Additional
analyses showed that there was no interaction with gender.
Total cortisol output averaged 99.2+29.5, 103.9+45.1, and
125.8+52.9 nmol/l in the low, medium, and high isolation
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Fig. 2 Mean total:HDL cholesterol response across social isolation
groups in men (solid bar) and women (clear bar). Error bars are SEM
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Fig. 3 Mean salivary cortisol across the day for high social isolation
group (solid line), medium social isolation group (dashed line), and
low social isolation group (dotted line)

groups, after adjustment for covariates. The association
remained significant after including loneliness as a factor
(»=0.036), and there was no interaction between social
isolation and loneliness. Thus, the psychobiological activa-
tion of socially isolated people recorded in the laboratory
was mirrored by heightened cortisol output both in the early
morning and over the remainder of the day and evening. By
contrast, there was no significant association between social
isolation and the cortisol slope over the day (F(5,142)=0.59,
p=0.56).

Discussion

The results of this study indicated that greater social
isolation in this sample was associated with delayed post-
task recovery of systolic blood pressure, larger tota/lHDL
cholesterol ratio response to stress in socially isolated men,
and a higher CAR and greater total cortisol output over the
day in both men and women. These associations were
independent of loneliness and other covariates.

The Close Persons Questionnaire used in this study was
designed to measure amount of social contact and allowed
us to compare those at opposite ends of the social isolation
spectrum. It did not provide such a refined measure of
social isolation as possible with an instrument such as the
Social Network index [48]. Relatively few participants
(10%) in this study were very socially isolated on the
measures used here, as might be expected in a population of
middle-aged men and women in full-time employment.
Nevertheless, associations between social isolation and
cardiovascular, lipid, and neuroendocrine measures were
present. This suggests that the basic experience of social
isolation can be relevant for health outcomes.
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Delayed post-stress recovery of systolic blood pressure was
associated with social isolation. There have been few studies
assessing the relationship between cardiovascular reactivity
and social connectedness [11], and associations with post-
stress recovery have not been described. Previous findings
linking social support with cardiovascular reactivity to stress
have been inconsistent. Some studies have reported no
relationship between social support and blood pressure
reactivity [8, 9], a pattern that was also observed here. Much
of the research on cardiovascular reactivity has investigated
samples of young adults, and there may be important age
differences [7]. Roy et al. [14] found that social support was
related to both blood pressure reactivity and recovery, a
finding partly replicated in the current study, since we also
found an effect for systolic blood pressure recovery. Delayed
post-stress recovery of systolic blood pressure has been
associated with delayed recovery of a number of other
biomarkers including heart rate and plasma viscosity [16]
and has also been shown to predict rises in clinical blood
pressure over a 3-year prospective period [49]. No differ-
ences were recorded in diastolic pressure or heart rate
responses, but several studies indicate that systolic blood
pressure is more sensitive to psychosocial factors [50].

In the present study, we found a significant interaction
between cholesterol reactivity to stress and social isolation
in men, but no effect for women. Previous work has shown
males to have had a higher lipid response to stress in a
laboratory setting [21], although this has not been consis-
tently replicated [51]. Men and women did not differ in
subjective response to stress or other biological measures
such as blood pressure, so this cannot explain the disparity
between men and women in lipid responses. The finding
that socially isolated men had greater cholesterol reactivity
to stress may be particularly important for health as men are
at a higher risk of coronary artery disease in middle age.
Individual differences in acute stress responses in LDL,
HDL, and total cholesterol were found to predict fasting
HDL and total:HDL cholesterol ratio in a 3-year follow-up
study [20], showing that although the changes in choles-
terol may be small, they are clinically relevant. Epidemi-
ological evidence has consistently demonstrated that men
seem to have a greater health benefit from marriage than
women [52, 53] which further underlines the role of gender
in relation to the effects of social isolation.

There was no relationship between social isolation and
awakening cortisol level; however, we did find a significant
effect of social isolation on the rise in cortisol after waking.
Examination of the mean CAR shows that this effect was
due to differences between the high compared with the
middle and low isolation groups. This effect was also found
in the analysis of cortisol output over the day. The high
social isolation group had a higher cortisol output compared
to the low and middle groups. Our previous analysis found

an association between loneliness and CAR, but no effect
for cortisol level over the day [36]. Turner-Cobb et al. [54]
reported that mean salivary cortisol level was related to
quality of social support but not social network size, and
this is supported in other work [55]. However, our findings
show that a high level of social isolation is related to an
elevated cortisol profile. A heightened CAR has previously
been associated with psychosocial factors such as general
and work stress, and financial strain and psychological
traits including high neuroticism and low optimism [33,
56]. We were not, however, able to confirm previous
findings that greater social contact is associated with
steeper cortisol rhythms over the day [31].

The associations we observed between social isolation
and biological responses were independent of loneliness.
Our results imply that the impact of low social connected-
ness on biological responses was not mediated through the
subjective experience of isolation and loneliness. It could
be that other unmeasured correlates of social isolation are
responsible. But feelings of loneliness are experienced to
some extent independently of objective social activity and
discrepancies between the two are observed [57]. Other
studies have also demonstrated independent associations
between biological responses and loneliness and social
networks [58]. Additionally, loneliness may arise through a
perceived lack of intimacy (emotional loneliness) or lack of
companionship (social loneliness). Our social isolation
measure may be a stronger reflection of lack of compan-
ionship, and it is possible that the health-related biological
correlates of loneliness involve lack of intimacy and
emotional loneliness.

There are a number of limitations to this study. Firstly,
the design was cross-sectional in nature, so it is not possible
to infer causality. Secondly, the sample was restricted to
middle-aged participants from White European ethnicity,
and therefore, we cannot generalize our findings to other
age groups, socioeconomic groups, or ethnic groups. We
found that there were significant effects of social isolation
on blood pressure recovery, but it was not possible to test
for the recovery effects in the cholesterol analysis, as no
sample was collected at recovery time. Third, even though
the measure of social isolation allowed us to examine
effects across three categories, other measures could have
provided greater gradations, allowing for more subtle
differences to be tested. Finally, there were only 24
participants in the high social isolation group, and the
sample size was further reduced when carrying out the
between-gender analysis. Although we found gender differ-
ences in the cholesterol analyses, it is possible that
significant effects may have emerged for other variables if
we had greater power.

Despite these considerations, this study builds upon the
literature examining the effects of social isolation on health
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outcomes using both laboratory and naturalistic methods.
High levels of social isolation were associated with
negative cardiovascular, metabolic, and neuroendocrine
process and, therefore, suggests that the impact of social
isolation on cardiovascular disease risk may be mediated by
dysregulation of these systems. It is important to identify
areas for further research and practical application. Inter-
ventions aimed at increasing perceived social support such
as the Enhancing Recovery in Coronary Heart Disease
(ENRICHD) trial have not found that increasing social
support in post-myocardial infarction patients leads to
favorable cardiovascular outcomes [59]. However, the
impact of interventions designed to increase social con-
nectedness and reduce isolation on stress responsivity has
not yet been evaluated. Studies of this type would clarify
the causal relationships between biological stress respon-
sivity and social isolation.
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