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Objective: This study was conducted to investigate associations between psychosocial risk factors, including social
isolation, anger and depressive symptoms, and heart rate variability in healthy women. Methods: The study group
consisted of 300 healthy women (median age 57.5 years) who were representative of women living in the greater
Stockholm area. For the measurement of social isolation, a condensed version of the Interpersonal Support
Evaluation List was used and household size assessed. Anger was measured by the anger scales previously used in
the Framingham study and depressive symptoms by a questionnaire derived from Pearlin. Health behaviors were
measured by means of standard questionnaires. From 24-hour ambulatory electrocardiographic monitoring, both
time and frequency domain measures were obtained: SDNN index (mean of the SDs of all normal to normal intervals
for all 5-minute segments of the entire recording), VLF power (very low frequency power), LF power (low frequency
power), HF power (high frequency power), and the LF/HF ratio (low frequency by high frequency ratio) were
computed. Results: Social isolation and inability to relieve anger by talking to others were associated with
decreased heart rate variability. Depressive symptoms were related only to the LF/HF ratio. Adjusting for age,
menopausal status, exercise and smoking habits, history of hypertension, and BMI did not substantially change the
results. Conclusions: These findings suggest heart rate variability to be a mediating mechanism that could explain
at least part of the reported associations between social isolation, suppressed anger, and health outcomes. Key
words: psychosocial factors, social support, heart rate variability, women.

BMI 5 body mass index (kg/m2); SBP 5 systolic blood
pressure (mm Hg); DBP 5 diastolic blood pressure
(mm Hg); HRT 5 hormone replacement therapy;
CHD 5 coronary heart disease; JMP 5 John’s Macin-
tosh program; HRV 5 heart rate variability; SDNN 5
SD of the normal to normal intervals (ms); SDNN in-
dex 5 average of the SDs of all normal to normal
intervals for each 5-minute interval of the entire re-
cording (ms); LF power 5 low frequency power (ms2);
HF power 5 high frequency power (ms2); VLF
power 5 very low frequency power (ms2); LF/HF ra-
tio 5 ratio of low-frequency to high-frequency power
(none).

INTRODUCTION

Psychosocial factors, including social isolation, de-
pressive symptoms, and anger, have been associated
with increased risk of all-cause mortality, CHD inci-
dence, and mortality after myocardial infarction (1–
10).

The mechanisms through which psychosocial fac-

tors exert their effects are unclear. Associations be-
tween psychosocial factors and standard risk factors
for atherosclerosis, including smoking, lack of exer-
cise, and unhealthy dietary habits, have been proposed
as causal pathways. Furthermore, neuroendocrine and
psychophysiological mechanisms have been suggested
to mediate the effects between psychosocial factors
and CHD. Among these mechanisms, a decreased HRV
or disturbed autonomic balance, operating through al-
tered autonomic nervous system function, seems to be
one of the most plausible pathways (11). HRV is
widely recognized as an important index of autonomic
function in normal individuals and in those recovering
from acute myocardial infarction (12, 13). Decreased
HRV measured over a 24-hour period has been shown
repeatedly to be a strong predictor of fatal outcome
after a myocardial infarction (14–17). Furthermore,
decreased HRV has been associated with increased
risk of all-cause mortality in community studies of
male and female populations such as the Framingham
study (18) and the recent Zutphen study from Holland
by Dekker et al. (19). In addition, results of the Ath-
erosclerosis Risk in Communities (ARIC) study re-
cently showed that a decreased HRV is associated with
the risk of developing nonfatal and fatal CHD (20).
These results extend the previous literature to newly
occurring CHD and to the general population.

The concept of allostasis (21) emphasizes that the
physiological systems within the body fluctuate to
meet demands from external forces. This ability can be
diminished by chronic activation of the sympathetic
branch or chronic suppression of the parasympathetic
branch of the autonomic nervous system caused by
chronic stress or harmful social conditions. It is pos-
sible, that it is this phenomenon that is captured by the
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measurement of HRV. Decreased HRV could then be
conceptualized as a lack of ability to respond by phys-
iological variability and complexity, making the indi-
vidual physiologically rigid and, therefore, more vul-
nerable. This is consistent with Porges’ proposal that a
chronically depressed vagal tone would reflect poor
homeostasis and a neurophysiological vulnerability to
the deleterious effects of stress (22).

Decreased HRV has been demonstrated in both de-
pressed psychiatric patients and in depressed cardiac
patients (23–27). Among other psychosocial factors
that have been associated with HRV are anger (28),
Type A behavior pattern (29), and mental stress
(30, 31). We have found no studies directly examining
social isolation or support in relation to HRV. How-
ever, an association can be hypothesized on the basis
of earlier studies showing associations between low
social support and increased catecholamine levels
(32, 33), and low social support and sustained in-
creased heart rates (34), which in turn are related to
low HRV and autonomic dysfunction (14). Further-
more, poor emotional and social support has been
related frequently to depressive symptoms (35, 36).
Therefore, the present study examines associations be-
tween social isolation, depressive symptoms, anger,
and HRV.

Besides the paucity of studies investigating rela-
tions between psychosocial risk factors and HRV, even
less attention has been given to female subjects. When
women were included in such studies, the number
was usually too small to analyze the data by gender. In
addition, as described above, both decreased HRV and
psychosocial strain (eg, depression, social isolation)
have been related to CHD incidence and all-cause mor-
tality justifying the hypothesis that psychosocial strain
may be associated with a decreased HRV in a healthy
population.

Therefore, the aim of the present study was to in-
vestigate associations between psychosocial risk fac-
tors and HRV indices in healthy women.

METHODS

Subjects

The study group consisted of 300 healthy women aged between
30 and 65 years. The subjects were obtained randomly from the
census register of the greater Stockholm area. They constituted the
control group of the Female Coronary Risk Study, a population-
based case-control study of all female cases of acute CHD events in
Stockholm within a 3-year period. All subjects were free of symp-
toms of heart disease and without hospitalization for any illness
during the past 5 years. All women were examined for clinical signs
or symptoms of chronic diseases. Three women were on medication
for hypertension, but otherwise were healthy. None of the women
had diabetes mellitus. The standard cardiovascular risk factors of

the study group were compared with those of a random sample of
2500 women of the same age from the general population of Stock-
holm. No differences in health behaviors (smoking, exercise, and
dietary habits) or educational level were found (37). The study group
thus can be regarded as representative of healthy women aged 30 to
65 years in the normal Stockholm population.

A letter was sent to prospective subjects that explained the ob-
jectives and the focus of the study and invited them to participate.
Those who did not call the clinic spontaneously were contacted by
phone from the research clinic. When a subject refused to partici-
pate, a new subject was selected to obtain a final number of 300
healthy women. Of those eligible, 17% declined to participate,
mainly because of difficulties in arranging time off from work for the
study.

Procedure

The first day of the study included a physical examination and
placement of a 24-hour Holter EKG monitor. During the second day,
anthropometric measures were obtained, blood pressure was mea-
sured, and the Holter EKG monitor was detached. Questionnaires on
psychosocial and life style factors, including depressive symptoms
(38), social support (39), and anger (40), were sent to the subjects 1
week before their visit to the research clinic. Subjects completed the
questionnaires at home and brought them to the clinic. The research
nurse reviewed the questionnaires with the subjects and completed
any answers that were missing. Internal nonresponse was less than
10%.

Psychosocial Factors

Depressive symptoms were measured by means of a 10-item
questionnaire derived from Pearlin et al. (38). One question, about
sexual activity, was excluded in an effort to avoid potentially threat-
ening items. The present version thus included 9 questions with
yes/no alternatives. The yes answers were summed, with a low score
indicating a low degree of depressive feelings. The scale includes
questions on mood, sleeping problems, appetite, energy, interest in
normal activities, crying, and feelings about the future. Some exam-
ples of questions are: Do you feel bored or do you have little interest
in doing things? Do you feel downhearted or blue? Do you feel
hopeless about the future? The scale had an adequate internal con-
sistency (Cronbach’s a 5 .85) and was significantly correlated (r 5
.71) with the Beck Depression Inventory in a subsample of the study
population (N 5 30).

For the measurement of social support, a condensed version of
the Interpersonal Support Evaluation List (ISEL) was used (39).
Social support functions included belongingness (5 items), tangible
support (3 items), and appraisal support (5 items). Examples of items
were: There are several different people with whom I enjoy spending
time; When I feel lonely, there are several people I could call and
talk to; I regularly meet or talk with members of my family or friends
(belongingness); When I need suggestions for how to deal with a
personal problem, I know there is someone I can turn to (appraisal
support); If I needed some help in moving to a new home, I would
have a hard time finding someone to help me (tangible support).
Items were scored on a scale from 1 (is very true) to 4 (is not at all
true). The total scale thus comprised 13 items with scores ranging
from 13 to 52, a high score indicating more social support.

Anger was measured by a 12-item scale previously used in the
Framingham study (40). The scale consisted of four subscales: anger-
symptoms (5 items), anger-in (3 items), anger-out (2 items), and
anger-discuss (2 items). Examples of items included: How do you
react when you are really angry or annoyed? Get tense or worried
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(anger-symptoms); Keep it to yourself (anger-in); Take it out on
others (anger-out); Talk to a friend or relative (anger-discuss). The
items were scored on a scale from 0 to 1 (1 indicating presence of the
trait characteristic). Responses to each item were summed and the
sum was divided by the number of items per subscale.

Demographic and Lifestyle Factors

Age at examination was obtained from the date of birth given in
the person number of the census register. The number of persons in
the household, marital status, educational level, history of hyper-
tension, physical exercise, and smoking behavior were assessed by
means of questionnaires and interview procedures. Educational
level was classified as follows: (I) mandatory only (corresponding to
9 years of school education); (II) high school or college. Physical
exercise was assessed according to the World Health Organization
criteria and graded into: (I) reading, watching TV, or other sedentary
leisure activities; (II) walking, cycling, or other forms of physical
activity; (III) exercises to keep fit, heavy gardening, etc., for at least
4 hours a week; and (IV) hard training or participation in competi-
tive sports several times a week. In the analyses, physical exercise in
leisure time was dichotomized into; sedentary lifestyle (I) and non-
sedentary lifestyle (II-IV). Blood pressure, weight, and height were
measured by the research nurse during examination. BMI was cal-
culated as weight (kg)/height (m2). In univariate analyses, obesity
was defined as BMI . 28.6 kg/m2 (41). In the analyses, a cutoff for
high systolic blood pressure was taken at . 140 mm Hg and for high
diastolic blood pressure at . 90 mm Hg, defining hypertension as
systolic blood pressure .140 mm Hg or diastolic blood pressure .
90 mm Hg.

Menopausal status was assessed in a gynecological interview by
the research nurse. Postmenopausal status was defined as having
had no menses for at least 6 months. A history of gynecological
surgery was obtained. A patient was classified as having had surgical
menopause if she had undergone a bilateral oophorectomy. A com-
plete history regarding HRT was also obtained. Women who had
begun HRT before menopause were considered menopausal if they
were more than 50 years of age.

Ambulatory EKG Monitoring and Analysis of
Heart Rate Variability

A two-channel EKG recording was performed for 24-hour periods
during normal daily activities. A Spacelabs model 90205 recorder
(Spacelab Inc., Redmond, WA) was used to obtain the EKG data.
Electrodes were attached at the positions of CM-V5 (left anterior
axillary line sixth rib) and CS-V1 (fourth rib at the sternal border).
Subjects were encouraged to continue their normal daily activities
during the period of monitoring. There were 264 complete 24-hour
Holter EKG recordings available. Recordings were excluded if they
showed more than 10% nonsinus rhythm (N 5 4), extreme outliers
on total power (N 5 2), medication for hypertension (N 5 3), or less
than 50% original material (N 5 6), resulting in 249 recordings
available for the analyses.

The 24-hour tape recordings were digitized and QRS-labeled
using a commercially available PC-based system (Aspect Holter Sys-
tem, Daltek, Borlänge, Sweden). An automatic analysis of arrhyth-
mias was first made and the QRS complexes classified. The consec-
utive R-R intervals were expressed in centiseconds and their
corresponding classification codes were exported to an ASCII text
file. The text file was additionally analyzed using our own custom-
made software on a personal computer. Additional analysis was
made in units of 5-minute epochs. To be accepted for additional

analysis, we required an interval to have at least 96% of the QRS-
complexes classified as normal by the Daltek system (42).

Five-minute (300 s) epochs of data were analyzed by custom-
made software. The time series of R-R intervals were resampled at a
sampling frequency of two samples per second. Gaps in the time
series due to nonnormal R-R intervals (QRS-labeled by the Aspect
System classification as noise or ectopic beats) were filled with
values calculated by linear interpolation between adjacent normal
R-R intervals. The computer also automatically checked for misclas-
sified dropped beat deviating more than 3.0 SD from the normal R-R
interval of each epoch.

After editing was computed, the time domain measures mean of
normal RR intervals and mean of the SDs of all normal to normal
intervals for all 5-minute segments of the entire recording (SDNN
index, in msec) (43) were obtained from the time series of normal
R-R intervals. SDNN index has also been referred to as SDNNIDX in
the literature (44).

The frequency domain of the time series of R-R intervals was
analyzed with an autoregressive method described by Kay and
Marple (45). The model order and number of coefficients in the
polynomial describing the time series was constantly set to 18. The
mean R-R interval of each time series was subtracted and then
detrended by applying linear regression. Frequency domain mea-
sures of R-R variability were computed by integrating over their
frequency intervals in three frequency bands as described by Bigger
et al. (46) and later recommended by the Task Force (43) 0.003 to ,
0.04 Hz (VLF, in msec2), 0.04 to , 0.15 Hz (LF, in msec2), and 0.15
to 0.4 Hz (HF, in msec2). In addition, the LF/HF ratio was calculated.

Vagal activity is the major contributor to the HF component.
Disagreement exists in respect to the LF component, which is con-
sidered by some as a marker of sympathetic modulation (especially
when expressed in normalized units) and by others as a parameter
that includes both sympathetic and vagal influences. Consequently,
the LF/HF ratio is considered by some investigators to mirror sym-
pathovagal balance. In results from 24-hour periods, the interpreta-
tion of the LF/HF ratio is more complicated because physiological
mechanisms of heart period modulations responsible for LF and HF
power components cannot be considered stationary during the 24-
hour period. The physiological interpretation of VLF power is yet
unclear (although the major component of the spectral density is
located there) (43).

Statistical Analyses

We used JMP Statistics for the Apple Macintosh Version 3.1 (47)
and STATA 3.1 (48) for the statistical analyses. All HRV variables
were nonnormally distributed and, therefore, log transformed in the
analyses. All correlation’s reported are Spearman r correlations.
Multivariate linear regression analyses were performed to test asso-
ciations between the risk factors and the HRV variables, the HRV
variables always being the dependent variable. The anti-logs of the
least squares mean (LSM) were reported after controlling for other
risk factors. For variables with more than two categories, the linear
trend was assessed by computing the p value for trend (49). When
the linear trend was nonsignificant but the LSM suggested a differ-
ence between one of the groups versus the rest, this was tested and
reported when significant.

RESULTS

Table 1 shows the distribution of the study variables
in the sample. Mean age in the HRV group was 56.3
years (SD 5 7.0), ranging from 31 to 65. Age was
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significantly associated with SDNN index, VLF power,
LF power, and HF power (r 5 2.18, p 5 .003; r 5 2.14,
p 5 .02; r 5 2.28, p , .0001; r 5 2.19, p 5 .002,
respectively), but not with the LF/HF ratio (r 5 2.09,
p 5 .15). The HRV measures were all statistically sig-
nificantly associated with each other (correlations
ranging from r 5 2.17, p 5 .006 between the LF/HF
ratio and HF power to r 5 .97, p , .0001 between the
SDNN index and VLF power). All of these associations
were positive except for the one between the LF/HF
ratio and HF power.

Table 2 shows the age-adjusted associations be-
tween standard risk factors and HRV parameters.
Smoking, sedentary lifestyle, high BMI, and high sys-
tolic blood pressure were statistically significantly as-
sociated with lower values of one or more HRV mea-
sures. Table 3 shows the age-adjusted associations
between psychosocial factors and HRV parameters. Be-
ing single, living alone, reporting low social support,
depressive symptoms, and not discussing anger (an-
ger-discuss subscale) were statistically significantly
associated with lower values of one or more HRV

measures. When the depressive symptoms scale was
divided into three groups, no differences in HRV were
found between the upper quartile and the intermediate
group. Therefore, comparisons between women with-
out versus women with at least one depressive symp-
tom were reported. The group without depressive
symptoms had a statistically significant higher LF/HF
ratio than the group with at least one depressive symp-
tom. Of the four anger scales, only anger-discuss
showed statistically significant associations with HRV.
Table 4 shows the associations between psychosocial
factors and HRV variables, after adjusting for age,
menopausal status, sedentary lifestyle, smoking, his-
tory of hypertension, and BMI. Results are shown in
italics if the association was not statistically signifi-
cant in the age-adjusted analyses. The multivariate
adjustment did not substantially alter the results (Ta-
ble 4). The anger scales, anger-symptoms, anger-in,
and anger-out, did not show any statistically signifi-
cant association with HRV in the age-adjusted analyses
and were, therefore, not tested with subsequent mul-
tivariate adjustment.

TABLE 1. Distribution of the Study Variables (N 5 249)

Factor N % Range Median Mean SD

Age (yr)
31–45 19 8
46–50 37 15
51–55 53 21
56–60 55 22
61–65 85 34

Educational attainment
Mandatory 131 53
High school 1
college/university

114 47

Menopausal status
Premenopausal 73 29
Postmenopausal with HRT 34 14
Postmenopausal without HRT 141 57

Smoking 73 29
Sedentary lifestyle 46 18
History of hypertension 19 8
Age (yr) 31–65 57.5 56.3 7.0
SBP (mm Hg) 86–177 117.0 120.2 16.8
DBP (mm Hg) 53–119 76.0 77.1 10.4
BMI (kg/m2) 17.6–48.6 24.2 25.4 4.8
Social support (score) 24–52 46.0 44.3 6.6
Depressive symptoms (no.) 0–9 1.0 1.9 2.2
Anger-symptoms (score) 0–1 0.27 0.29 0.20
Anger-in (score) 0–1 0.22 0.21 0.19
Anger-out (score) 0–0.83 0 0.11 0.16
Anger-discuss (score) 0–1 0.67 0.58 0.28
SDNN index (msec) 18–80 42.0 43.6 11.2
VLF power (msec2) 69–1850 471.0 565.2 310.0
LF power (msec2) 39–2032 372.0 451.6 313.9
HF power (msec2) 36–2626 185.0 229.2 218.0
LF/HF (none) 1.1–6.1 2.65 2.78 0.92
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To test whether associations were due to differences
in socioeconomic status, all multivariate analyses
were repeated with educational level as an additional
confounder but results remained essentially the same.

As expected, a statistically significant correlation
existed between marital status and household size (r 5
.68, p , .0001). The correlation between social support
and household size was not statistically significant
(r 5 .10, p 5 .13). The effects of household size were
also tested while controlling for social support. Al-
though the associations between household size and
HRV parameters were weakened, they remained statis-
tically significant (all p values . .01 and , 5.05).

DISCUSSION

We found social isolation, low social support, and
not discussing ones anger to be related to decreased
HRV in a normal population of women. A smaller
household, not discussing anger and lower appraisal,
belonging, and tangible support were associated with
lower SDNN index, LF power, and VLF power. A
smaller household was also associated with lower HF
power. These associations remained statistically sig-
nificant after adjustment for age, menopausal status,
educational level, exercise and smoking habits, history
of hypertension, and BMI. These findings may reflect

one of the mechanisms that could explain at least part
of the reported associations between social isolation,
living alone, suppressed anger, and CHD incidence as
well as mortality (1–3, 5, 6).

The strongest and most consistent results were
found for small household size, a proxy measure for
social isolation, and for lack of social support. The
associations between household size and HRV re-
mained statistically significant after controlling for ed-
ucational level, indicating that they were not due to a
confounding effect of low socioeconomic status,
which has been found to be related both to smaller
households and to cardiac mortality (9). When the
effects of household size on HRV were tested while
controlling for social support, the associations were
weakened, but remained statistically significant. A
tentative explanation for this could be that household
size is an indicator of support from close family
(spouse, children) that is not totally covered by the
social support measure.

The social support scale describes three functions
that are usually provided by the more extended social
network. These include appraisal support, which pro-
vides help to orient oneself in life, to adequately per-
ceive and estimate stressors, and to find ways to cope
with them. The second function, belongingness, de-
scribes the basic human need for a sense of belonging
to groups of people and to share interests and values with

TABLE 2. Differences in Heart Rate Variability Between Standard Risk Factor Groups; Adjusted for Age (N 5 249)

Standard Risk Factors
SDNN Index VLF Power LF Power HF Power LF/HF

LSMa SEM p LSM SEM p LSM SEM p LSM SEM p LSM SEM p

Smoking
No 42.9 0.83 510.8 20.9 382.6 18.7 179.9 9.0 2.77 0.07
Yes 40.0 1.21 .05 439.7 28.1 .05 315.9 24.1 .036 179.4 14.0 .98 2.31 0.09 .0001

Sedentary lifestyle
No 42.7 0.77 506.8 19.3 382.4 17.3 185.7 8.6 2.70 0.06
Yes 39.4 1.48 .05 416.8 33.0 .03 286.3 27.1 .006 156.4 15.1 .11 2.34 0.12 .01

Menopausal status
Premenopausal 42.5 1.67 491.9 41.0 380.4 38.0 171.9 17.4 2.69 0.14
Postmenopausal with HRT 42.5 1.88 506.8 47.5 359.5 40.4 183.4 20.9 2.57 0.15
Postmenopausal without HRT 41.7 1.03 .65* 481.7 25.2 .76* 351.5 22.0 .56* 183.0 11.6 .68* 2.59 0.09 .68*

Obesity (kg/m2)
BMI # 28.6 43.2 0.76 517.5 19.1 388.6 17.2 188.3 8.6 2.68 0.06
BMI . 28.6 37.6 1.43 .001 383.0 30.9 .001 262.2 25.3 .000 148.8 14.8 .033 2.37 0.12 .04

Blood pressure (mm Hg)
SBP # 140 and DBP # 90 43.0 0.74 509.0 18.6 380.7 16.7 188.9 8.4 2.62 0.06
SBP . 140 or DBP . 90 37.4 1.62 .003 392.4 36.1 .009 268.7 29.7 .004 136.8 15.4 .008 2.61 0.15 .96

History of hypertension
No 42.3 0.72 493.1 17.8 366.5 15.8 181.7 7.9 2.62 0.06
Yes 40.6 2.39 .52 458.4 57.2 0.58 335.0 49.8 .56 162.7 24.6 .48 2.73 0.21 .62

a LSM 5 least squares mean.
* p value for trend.
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them. The third function, tangible support, assesses the
availability of concrete, practical help (39, 50).

As far as we know, no other study has investigated
relations between social support, household size, and
HRV in women. However, Undén et al. (34) reported
persons with low social support at work to have sus-
tained increased heart rates, using 24-hour ambulatory
EKG monitoring. Sustained increased heart rates have
been associated with lower HRV (14), thereby support-
ing the results of the present study. Both measures
have been viewed as measures of cardiac autonomic
dysfunction.

Depressive symptoms were only statistically signif-
icantly associated with the LF/HF ratio. Women with
depressive symptoms had a lower LF/HF ratio than
women without depressive symptoms. This finding
may suggest less sympathetic modulation in the
women with depressive symptoms. However, interpre-
tation of the LF/HF ratio in spectral analyses per-
formed on the entire 24-hour period is difficult, inas-

much as averages of the modulations attributable to
the LF and HF components are provided. Such aver-
ages obscure the detailed information about autonomic
modulation of R-R intervals, that is available in shorter
recordings (43).

In the present study, depressive symptoms were not
statistically significantly associated with the other
HRV measures, including the SDNN index, VLF power,
LF power, and HF power. In previous studies, decreased
HRV in both depressed psychiatric patients and in de-
pressed cardiac patients has been reported (23–27). In
these studies, significant associations with various time
domain HRV measures were reported. The one study that
reported frequency domain measures of HRV in relation
to depression did not base these on 24-hour EKG record-
ings (26), complicating comparison with our results. Fur-
thermore, they all used patient study groups. It is possi-
ble that associations between depressive symptoms and
HRV measures in patient populations are different from
those in normal populations (as used in the present study).

TABLE 3. Associations of Psychosocial Factors With Heart Rate Variability; Adjusted for Age (N 5 249)

Psychosocial Factors
SDNN Index VLF Power LF Power HF Power LF/HF

LSMa SEM p LSM SEM p LSM SEM p LSM SEM p LSM SEM p

Education
Mandatory 41.7 0.95 477.5 23.1 358.2 20.7 184.4 10.8 2.56 0.08
High school/university 42.7 1.04 .48 508.6 26.3 .38 374.8 23.2 .60 176.5 11.1 .61 2.74 0.09 .12

Marital status
Single 39.9 2.01 439.3 46.7 323.0 41.0 142.4 18.3 2.81 0.19
Widow/divorced 40.4 1.37 449.7 32.2 328.1 28.0 170.7 14.8 2.47 0.11
Cohabiting 43.2 0.88 .06* 516.5 22.2 .06* 386.6 19.9 .07* 191.1 10.0 .03* 2.68 0.07 .88*

No. persons in the household
1 39.3 1.24 420.3 28.8 305.5 24.5 152.5 12.5 2.54 0.11
2 42.8 0.95 507.5 23.8 376.1 21.1 185.2 10.6 2.69 0.08
$3 (3–5) 45.1 1.86 .005* 562.8 49.2 .005* 435.6 45.5 .006* 216.5 23.2 .008* 2.61 0.14 .51*

Social support
Low (lower quartile) 40.5 1.27 453.3 30.2 325.4 25.7 168.7 13.7 2.54 0.10
Intermediate 42.1 0.99 486.7 24.2 354.6 20.9 185.0 11.2 2.54 0.08
High (upper quartile) 44.4 1.44 .046* 547.1 37.8 .05* 436.7 35.8 .01* 185.0 15.6 .43* 2.94 0.12 .01*

Depressive symptoms
0 42.5 1.14 508.7 28.9 384.4 26.2 177.3 12.3 2.80 0.10
1–9 42.0 0.86 .69 480.8 20.9 .43 352.2 18.4 .31 181.9 9.63 .77 2.54 0.07 .03

Anger-symptoms
Low (# median) 41.3 1.04 473.9 25.2 344.7 21.9 166.3 10.7 2.71 0.09
High 42.9 0.99 .26 500.4 24.5 .45 377.2 22.1 .33 191.8 11.3 .10 2.56 0.08 .21

Anger-in
Low (# median) 42.3 1.02 494.9 25.4 374.9 23.0 178.2 11.0 2.71 0.09
High 41.9 0.97 .79 486.0 23.8 .80 353.5 20.7 .49 179.6 10.6 .93 2.58 0.08 .27

Anger-out
Low (# median) 42.1 0.91 488.7 22.5 365.1 20.2 179.4 10.0 2.67 0.08
High 42.4 1.10 .82 500.1 27.4 .75 366.6 24.1 .96 182.0 12.1 .87 2.59 0.09 .51

Anger-discuss
Low (# median) 40.7 0.98 461.0 23.6 334.4 20.4 175.2 10.9 2.54 0.08
High 43.6 0.96 .03 520.9 24.4 .08 393.7 22.1 .05 185.2 10.6 .51 2.72 0.08 .12

a LSM 5 least squares mean.
* p value for trend.
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Interestingly, of the anger scales only the scale “an-
ger-discuss” was statistically significantly associated
with HRV. Not being able to relieve anger by talking to
a friend or relative was associated with lower HRV. An
association with HRV has not been previously re-
ported, but in the Framingham study the same scale
was an independent predictor of the incidence of CHD
and angina pectoris in women under 65 years of age
(6).

As discussed earlier, the physiological meaning of
the HRV measures, especially of the VLF power com-
ponent, is not very well established. We know that
decreased HRV is related to both cardiac and all-cause
mortality (14–19) and that vagal activity is the major
contributor to the HF component (43). In the present
study, the time domain measure SDNN index was
used. The rationale for using the SDNN index was that
only the normal R-R intervals included in the 5-minute
epochs used for spectral analysis should be included
in the time domain measures, so that time and fre-
quency domain measures are based on the same
5-minute epochs. Consequently, normal beats adjacent
to periods of, eg, ectopic activity, were not included in
the analysis. VLF power and LF power have been
suggested as the frequency domain equivalents for the
SDNN index because they are highly correlated (r >
.90) (44, 51). Furthermore, in a study by Bigger et al.
(51), the correlation between the SDNN and the SDNN
index was .81, and both measures had an equally

strong association with death after myocardial infarc-
tion.

We would like to see decreased HRV in the light of
the statement by Porges (22) that “clinically, stasis or
lack of endogenous variability in neurally mediated
peripheral systems, such as gastric motility and heart
rate, is a sign of severe physiological compromise.”
The decreased HRV in the socially isolated women
and those not being able to relieve their anger by
talking to others, could then be conceptualized as a
lack of ability to respond by physiological variation
and complexity, making them physiologically rigid
and, therefore, more vulnerable.

In conclusion, women who lived alone, who re-
ported lack of social support, and who reported not to
relieve their anger by talking to others showed evi-
dence of lower HRV during daily life compared with
women with larger households, higher social support,
and women that could discuss their anger. Of all HRV
measures, low SDNN, its frequency domain equivalent
low ultra LF power (44, 51) and low VLF power have
been most consistently and strongly related to mortal-
ity after myocardial infarction and to all-cause mortal-
ity (14, 15, 19, 51). In addition, social isolation has also
been related to all-cause mortality, to CHD incidence,
and to prognosis after myocardial infarction (1, 2, 5, 8–
10, 52). Furthermore, suppressed anger has been re-
lated to all-cause mortality (3), to the progression of
atherosclerosis (53), and in the Framingham study—

TABLE 4. Associations of Psychosocial Factors With Heart Rate Variability; Adjusted for Age, Menopausal Status, Exercise, Smoking,
History of Hypertension, and BMI (N 5 249)

Psychosocial Factors
SDNN Index VLF Power LF Power HF Power LF/HF

LSMa SEM p LSM SEM p LSM SEM p LSM SEM p LSM SEM p

Marital status
Single 38.5 2.72 393.9 58.7 290.6 51.4 118.9 22.0 2.77b 0.25
Widow/divorced 40.2 2.48 426.6 55.7 322.1 49.9 147.1 23.8 2.53 0.20
Cohabiting 42.1 2.38 .07* 470.1 56.1 .08* 360.1 51.0 .08* 165.0 24.4 .02* 2.61 0.19 .64*

No. persons in the household
1 39.0 2.33 401.6 50.6 295.6 44.1 128.7 20.2 2.61 0.20
2 42.0 2.33 471.9 55.2 353.7 49.0 157.9 23.0 2.66 0.19
$3 (3–5) 44.3 2.87 .01* 520.6 71.4 .02* 404.8 65.7 .02* 188.1 32.2 .006* 2.51 0.21 .71*

Social support
Low (lower quartile) 39.0 2.36 402.4 51.5 289.9 43.8 139.3 22.4 2.45 0.19
Intermediate 40.9 2.26 440.5 51.6 320.1 44.3 155.2 22.8 2.47 0.18
High (upper quartile) 42.9 2.54 .04* 491.4 61.6 .04* 391.1 57.9 .009* 154.0 24.2 .40* 2.86 0.22 .009*

Depressive symptoms
0 41.2 2.41 458.2 56.7 345.5 50.8 146.5 22.6 2.73 0.21
1–9 41.0 2.22 .91 441.6 50.6 .61 327.3 44.5 .52 153.5 21.9 .60 2.51 0.18 .05

Anger-discuss
Low (# median) 39.5 2.22 418.7 49.9 305.2 43.2 146.8 21.9 2.48 0.18
High 42.5 2.32 .03 474.5 54.9 .07 358.1 49.2 .05 156.8 22.7 .45 2.64 0.19 .14

a LSM 5 least squares mean.
b Results are shown in italics if the association was already nonsignificant in the age-adjusted analyses.
* p value for trend.
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using the same scale as the present study—to CHD
incidence (6). Our results suggest that HRV may be one
of the possible mechanisms that explain these reported
associations.

This work was supported by Grant HL45785 from
the U.S. National Institutes of Health, by Grant B93–
19X-10407 from the Swedish Medical Research Coun-
cil, and a grant from the Swedish Labor Market Insur-
ance Company and the Swedish Heart and Lung
Foundation. We are indebted to Murray A. Mittleman,
MD, Dr PH, Beth Israel, Deaconess Medical Center,
Harvard Medical School, Boston, Massachusetts, for
valuable critical comments to the manuscript.

REFERENCES

1. Berkman LF, Syme SL. Social networks, host resistance and
mortality: a nine-year follow-up study of Alameda County resi-
dents. Am J Epidemiol 1979;109:186–204.

2. Orth-Gomér K, Johnson J. Social network interaction and
mortality: a six-year follow-up of a random sample of the Swed-
ish population. J Chron Dis 1987;40:949–57.

3. Julius M, Harburg E, Cottington EM, Johnson EH. Anger-coping
types, blood pressure, and all-cause mortality: a follow-up in
Tecumseh, Michigan (1971–1983). Am J Epidemiol 1986;124:
220–33.

4. Barefoot JC, Schroll M. Symptoms of depression, acute myocar-
dial infarction and total mortality in a community sample. Cir-
culation 1996;93:1976–80.

5. Orth-Gomér K, Rosengren A, Wilhelmsen L. Lack of social sup-
port and incidence of coronary heart disease in middle-aged
Swedish men. Psychosom Med 1993;55:37–43.

6. Haynes SG, Feinleib M, Kannel WB. The relationship of psycho-
social factors to coronary heart disease in the Framingham
Study. III. Eight-year incidence of coronary heart disease. Am J
Epidemiol 1980;111:37–58.

7. Frasure-Smith N, Lespérance F, Talajic M. Depression and 18-
month prognosis after myocardial infarction. Circulation 1995;
91:999–1005.

8. Berkman LF, Leo-Summers L, Horwitz RI. Emotional support
and survival after myocardial infarction. A prospective, popu-
lation-based study of the elderly. Ann Intern Med 1992;117:
1003–9.

9. Ruberman W, Weinblatt E, Goldberg JD, Bonvir SC. Psycholog-
ical influences on mortality after myocardial infarction. N Engl
J Med 1984;311:552–9.

10. Williams RB, Barefoot JC, Califf RM, Haney TL, Saunders WB,
Pryor DB, et al. Prognostic importance of social and economic
resources among medically treated patients with angiographi-
cally documented coronary artery disease. JAMA 1992;267:
520–4.

11. Frasure-Smith N, Lespérance F, Talajic M. Depression following
myocardial infarction. Impact on 6-month survival. JAMA 1993;
270:1819–25.

12. Bigger JT, Fleiss JL, Steinman RC, Rolnitzky LM, Schneider WJ,
Stein PK. RR variability in healthy, middle-aged persons com-
pared with patients with chronic coronary heart disease or re-
cent acute myocardial infarction. Circulation 1995;91:1936–43.

13. Hayano J, Skakibara Y, Yamada A, Yamada M, Mukai S, Fuji-
nami T, Yokoyama K, Watanabe Y, Takata K. Accuracy of as-

sessment of cardiac vagal tone by heart rate variability in normal
subjects. Am J Cardiol 1991;67:199–204.

14. Kleiger RE, Miller JP, Bigger JT, Moss AJ, and the Multicenter
Postinfarction Research Group. Decreased heart rate variability
and its association with increased mortality after acute myocar-
dial infarction. Am J Cardiol 1987;59:256–62.

15. Bigger JT, Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger RE,
Rottman JN. Frequency domain measures of heart period vari-
ability and mortality after myocardial infarction. Circulation
1992;85:164–71.

16. Vaishnav S, Stevenson R, Marchant B, Lagi K, Ranjadayalan K,
Timmis A. Relation between heart rate variability early after
acute myocardial infarction and long-term mortality. Am J Car-
diol 1994;73:653–7.

17. Odemuyiwa O, Malik M, Farrel T, Bashir Y, Poloniecki J, Camm
J. Comparison of the predictive characteristics of heart rate vari-
ability index and left ventricular ejection fraction for all-cause
mortality, arrhythmic events and sudden death after acute myo-
cardial infarction. Am J Cardiol 1991;68:434–9.

18. Tsuji H, Venditti FJ, Manders ES, Evans JC, Larson MG, Feldman
CL, Levy D. Reduced heart rate variability and mortality risk in
an elderly cohort. The Framingham Heart Study. Circulation
1994;90:878–3.

19. Dekker JM, Schouten EG, Klootwijk P, Pool J, Swenne CA,
Kromhout D. Heart rate variability from short electrocardio-
graphic recordings predicts mortality from all causes in middle-
aged and elderly men. Am J Epidemiol 1997;145:899–908.

20. Liao D, Cai J, Rosamond WD, Barnes RW, Hutchinson RG, Whit-
sel EA, Rautaharju P, Heiss G. Cardiac autonomic function and
incident coronary heart disease: a population-based case-cohort
study. Am J Epidemiol 1997;145:696–706.

21. Sterling P, Eyer J. Allostasis: a new paradigm to explain arousal
pathology. In: Fisher J, Reason J, editors. Handbook of life stress,
cognition, and health. New York: John Wiley; 1988. p. 629–49.

22. Porges SW. Cardiac vagal tone: a physiological index of stress.
Neurosci Biobehav Rev 1995;19:225–33.

23. Carney RM, Freedland KE, Rich MW, Jaffe AS. Depression as a
risk factor for cardiac events in established coronary heart
disease: a review of possible mechanisms. Ann Behav Med
1995;17:142–9.

24. Carney RM, Saunders RD, Freedland KE, Stein P, Rich MW, Jaffe
AS. Association of depression with reduced heart rate variabil-
ity in coronary artery disease. Am J Cardiol 1995;76:562–4.

25. Dalack GW, Roose SP. Perspectives on the relationship between
cardiovascular disease and affective disorder. J Clin Psychiatry
1990;51 (Suppl):4–9.

26. Rechlin T, Weis M, Spitzer A, Kaschka WP. Are affective disor-
ders associated with alterations of heart rate variability? J Affect
Disord 1994;32:271–5.

27. Krittayaphong R, Cascio WE, Light KC, Sheffield D, Golden RN,
Finkel JB, Glekas G, Koch GG, Sheps DS. Heart rate variability in
patients with coronary artery disease: differences in patients
with higher and lower depression scores. Psychosom Med 1997;
59:231–5.

28. McCraty R, Atkinson M, Tiller WA, Rein G, Watkins AD. The
effects of emotions on short-term power spectrum analysis of
heart rate variability. Am J Cardiol 1995;76:1089–93.

29. Kamada T, Miyake S, Kumashiro M, Monou H, Inoue K. Power
spectral analysis of heart rate variability in Type As and Type Bs
during mental workload. Psychosom Med 1992;54:462–70.

30. Sloan RP, Shapiro PA, Bagiella E, Boni SM, Paik M, Bigger JT Jr,
Steinman RC, Gorman JM. Effect of mental stress throughout the
day on cardiac autonomic control. Biol Psychol 1994;37:89–99.

31. Myrtek M, Weber D, Brugner G, Muller W. Occupational stress

M. HORSTEN et al.

56 Psychosomatic Medicine 61:49–57 (1999)



and strain of female students: results of physiological, behav-
ioral, and psychological monitoring. Biol Psychol 1996;42:
379–91.

32. Arnetz BB, Edgren B, Levi L, Otto U. Behavioural and endocrine
reactions in boys scoring high on Sennton neurotic scale view-
ing an exciting and partly violent movie and the importance of
social support. Soc Sci Med 1985;20:731–6.

33. Seeman TE, Berkman LF, Blazer D, Rowe JW. Social ties and
support and neuroendocrine function: the MacArthur studies of
successful aging. Ann Behav Med 1994;16:95–106.

34. Undén A-L, Orth-Gomér K, Elofsson S. Cardiovascular effects of
social support in the work place: twenty-four-hour ECG moni-
toring of men and women. Psychosom Med 1991;53:50–60.

35. Oxman TE, Berkman LF, Kasl S, Freeman DH, Barrett J. Social
support and depressive symptoms in the elderly. Am J Epide-
miol 1992;135:356–68.

36. Undén A-L, Orth-Gomér K. Development of a social support
instrument for use in population surveys. Soc Sci Med 1989;29:
1387–92.
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