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Association of Psychosocial Factors With 
Short-Term Resting Heart Rate Variability: 
The Atherosclerosis Risk in Communities 
Study
Anish S. Shah , MD; Alvaro Alonso , MD, PhD; Eric A. Whitsel, MD, MPH; Elsayed Z. Soliman , MD, MS, MSc; 
Viola Vaccarino , MD, PhD; Amit J. Shah , MD, MSCR

BACKGROUND: Psychosocial factors predict heart disease risk, but our understanding of underlying mechanisms is limited. 
We sought to evaluate the physiologic correlates of psychosocial factors by measuring their relationships with heart rate vari-
ability (HRV), a measure of autonomic health, in the ARIC (Atherosclerosis Risk in Communities) study. We hypothesize that 
increased psychosocial stress associates with lower HRV.

METHODS AND RESULTS: We studied 9331 participants in ARIC with short-term HRV data at visits 2 and 4. The mean (SD) age 
was 54.4 (5.7) years, 55% were women, and 25% were Black. Psychosocial factors included: (1) vital exhaustion (VE), (2) anger 
proneness, a personality trait, and (3) perceived social support. Linear models adjusted for sociodemographic and cardiovas-
cular risk factors. Low frequency HRV (ln ms2) was significantly lower in the highest versus lowest quartiles of VE (B=−0.14, 
95% CI, −0.24 to −0.05). When comparing this effect to age (B=−0.04, 95% CI, −0.05 to −0.04), the difference was equivalent 
to 3.8 years of accelerated aging. Perceived social support associated with lower time-domain HRV. High VE (versus low VE) 
also associated with greater decreases in low frequency over time, and both anger and VE associated with greater increases 
in resting heart rate over time. Survival analyses were performed with Cox models, and no evidence was found that HRV ex-
plains the excess risk found with high VE and low perceived social support.

CONCLUSIONS: Vital exhaustion, and to a lesser extent anger and social support, were associated with worse autonomic func-
tion and greater adverse changes over time.
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Psychological stress is associated with an increased 
risk of cardiovascular mortality beyond what can be 
explained by maladaptive health behaviors.1,2 Both 

depression and post-traumatic stress disorder have 
been linked to a higher risk of cardiovascular disease 
and worse prognosis,3,4 however the mechanisms, likely 
multifactorial, are not yet known.5 Stress is associated 
with autonomic dysfunction, as measured by decreased 
heart rate variability (HRV).6 Decreased HRV has been 
identified as an independent predictor of cardiovascular 

mortality.7,8 HRV measures sympathetic and parasym-
pathetic activity that fluctuates in response to activities 
such as respiration, body position, and physical activ-
ity.9 HRV has been proposed as an index of the phys-
iological impacts of stress on the body,10 as it captures 
sympathetic arousal and parasympathetic withdrawal, 
which are key in the neurobiological stress response.11 
Although HRV shows promise as a physiologic metric of 
stress, more research is needed to understand its poten-
tial as a clinical marker of stress.
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One scientific challenge is the heterogeneous na-
ture of psychosocial stress. Stress can arise from 
the environment, such as perceived social support,12 
and also from internal situational responses, such as 
personality traits,13 both of which lead to physiolog-
ical changes.14 Chronic stress can also manifest as 
somatic symptoms.15 Stress, both physical and psy-
chosocial, requires a new homeostatic point, which 
is the responsibility of the autonomic nervous system 
to mediate. The autonomic system provides a mech-
anism to “reset” the body after stressful events, and 

may provide a method of resilience to chronic stress-
ors.16 This allows for recovery from stressful events 
and protection from maladaptive responses to future 
stresses, such as how normal HRV can reduce the 
risk of future depression.17 Each of these compo-
nents of psychosocial stress may thus contribute to 
autonomic dysfunction.18 Vital exhaustion, defined by 
excessive fatigue, feelings of demoralization, and in-
creased irritability, is considered a manifestation of 
chronic psychological distress and depressive so-
matic symptoms.19 Vital exhaustion, independent of 
traditional cardiovascular risk factors, predicts cor-
onary artery disease and increased mortality.20 The 
mechanisms of how these psychological factors lead 
to worse outcomes are unknown, but may include 
direct autonomic and indirect behavioral effects. For 
example, social isolation increases the risk of inci-
dent heart failure or anger episodes and tempera-
ment precede coronary disease and myocardial 
ischemia.21–23 If associations with abnormal HRV are 
found, this may help to partially explain the excess 
cardiovascular mortality risk seen with various psy-
chosocial factors.

To gain a better understanding of the relationship 
between psychological factors and changes in au-
tonomic function, we evaluated the association of 
vital exhaustion, anger proneness, and social iso-
lation with HRV in the ARIC (Atherosclerosis Risk 
in Communities) study cohort. These analyses are 
based on the hypothesis that psychosocial stress 
leads to autonomic dysregulation, both acutely and 
chronically. We hypothesize that each of these psy-
chosocial factors associate with decreased HRV. We 
hypothesize that, over time, HRV will decrease at a 
faster pace in those with greater psychosocial bur-
den. We hypothesize that abnormal HRV will mediate 
the increased cardiovascular mortality seen with in-
creased psychosocial stress.

METHODS
Study Population
The data used for this analysis are available upon re-
quest from the ARIC investigators. The ARIC study 
is a community-based, prospective cohort study de-
signed to investigate risk factors for atherosclerosis 
and cardiovascular disease in the general population. 
Details of the ARIC study have been described else-
where.24 Briefly, 15 792 adults aged 46 to 64 years 
were recruited in 1987 to 1989 (visit 1) from 4 commu-
nities in the United States: Forsyth Co, NC; Jackson, 
MS; Minneapolis suburbs, MN; and Washington Co, 
MD. Follow-up among participants was conducted 
annually via telephone interviews (semi-annually 
since 2012), surveillance of hospitalizations, death 

CLINICAL PERSPECTIVE

What Is New?
• Vital exhaustion and social isolation are asso-

ciated with electrocardiographic markers of 
reduced parasympathetic function, higher sym-
pathovagal balance, and reduced baroreflex 
sensitivity.

• The highest quartile of vital exhaustion was as-
sociated with the same autonomic effect as 
≈4  years of accelerated aging compared with 
the lowest quartile.

What Are the Clinical Implications?
• These findings support future research to evalu-

ate whether markers of autonomic function, if 
modifiable and easily measured in clinical set-
tings, may be useful in the evaluation and man-
agement of certain psychosocial conditions.

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities
HF high frequency
HR heart rate
HRV heart rate variability
ISEL Interpersonal Support Evaluation List
LF low frequency
LSNS Lubben Social Network Scale
MVEQ Maastricht Vital Exhaustion 

Questionnaire
RMSSD root mean square of successive 

differences in normally conducted RR 
intervals

RR time interval between conducted heart 
beats

SDNN SD of normally conducted RR intervals
STAS Speilberger State-Trait Anger Scale
VE vital exhaustion
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certificates, and subsequent visits approximately 
every 3 years until 1998. Subsequent visits occurred 
in 2011 to 2013, 2016 to 2017, and 2018 to 2019. The 
study collected information on medical, social, and 
demographic variables through examinations and 
questionnaires. Psychological variables (vital exhaus-
tion, anger proneness, and social isolation) were col-
lected at visit 2 (1990–1992). Anger proneness was 
repeated at visit 4 (1996–1998). Participants taking 
medications with a potential moderating effect on 
HRV were excluded, included beta-blockers, anti-
arrhythmics, calcium channel blocks, and cardiot-
onics as is routinely done in studies involving HRV. 
Participants racially identified as Asian, American 
Indian, unknown, or as Black from predominantly 
White ARIC field sites of Washington Co., MD and 
Minneapolis, MN were excluded because of small 
numbers, similar to other ARIC studies.24 Participants 
with incomplete or missing HRV data were also ex-
cluded, as well as those with missing follow-up in-
formation. Institutional review boards at each of the 
participating institutions approved the study, and 
participants provided written informed consent.

Assessment of Heart Rate Variability
During visit 1, HRV was assessed by a 2-minute 
ECG using standardized methods during spontane-
ous respirations. Participants were asked to remain 
comfortable in a supine position for 20 minutes be-
forehand and were asked to refrain from smoking 
or caffeine ingestion for at least 1  hour before the 
recording. Beats were identified by computer algo-
rithm. Beat-to-beat (NN) intervals were extracted and 
the time of each beat was recorded. A computer al-
gorithm was used to identify all intervals outside of 
a >25% deviation from a 5-beat moving average.25 
These beats considered to be potential ectopic beats 
or artifact and were removed, and the interval data 
were generated using linear interpolation. During visit 
4, HRV was measured again using a 6-minute ECG 
using a similar protocol. Resting measures of HRV 
have been found to play an important role in psycho-
logical conditions, such as a post-traumatic stress 
disorder and depression prediction,17,26 and short-
term recordings have had utility in assessing mental 
stress.6 HRV is intrinsically dependent on the record-
ing duration, and different recording lengths cannot 
be directly compared.27 When comparing across dif-
ferent recording lengths, HRV was log-transformed 
and normalized within visit 1 and 4, and the SD 
change between timepoints within individuals was 
treated as the dependent variable to allow for mod-
eling between time points. HRV is intrinsically de-
pendent on the absolute heart rate, and adjustments 
for heart rate have not yet been standardized,28 so 

averaged RR (time interval between conducted heart 
beats) intervals were included as an additional out-
come that may signify sympathovagal balance.29 
Sacha et al showed that significant sex differences in 
HRV exist in their prognostic and clinical value,30 and 
we elected a priori to perform analyses separately 
by sex.

Variations in heart rate can be assessed by a num-
ber of mathematical measures, usually divided into the 
time and frequency domains.9 Time domain measures 
we used include the RR interval duration (converted 
to heart rate in beats-per-minute), the SD of normally 
conducted RR intervals (SDNN), the root mean square 
of successive differences in normally conducted RR 
intervals (RMSSD), and the proportion of normally 
conducted RR intervals that differ by >50  ms di-
vided by the total number of normally conducted RR 
intervals. Frequency-domain measures computed 
through power spectral analysis categorize variability 
as very low frequency (0.0033 to <0.04 Hz), low fre-
quency (LF, 0.04 to <0.15 Hz) or high frequency (HF, 
0.15–0.40  Hz).31 These frequency categories reflect 
autonomically mediated heart rate responses to phys-
iologic stimuli, including influences of the renin-angio-
tensin-aldosterone system, baroreceptor activity, and 
respiration.31 The sympathetic and parasympathetic 
nervous systems influence them to different degrees. 
We analyzed total frequency, high frequency (HF), and 
low frequency power (LF) HRV, which are frequency 
domain measures. HF reflects primarily parasympa-
thetic nervous system activity, while LF reflects both 
sympathetic and parasympathetic activity.32 Total 
power HRV is a non-specific global measure. RMSSD 
is an approximate correlate of HF, and SDNN is an 
approximate correlate of total frequency power, sup-
porting the physiological basis of these markers.33 
These metrics are well-known as physiologic markers 
of acute and chronic stress, and measure slightly dif-
ferent aspects of autonomic nervous system function. 
We include multiple measures, given the lack of con-
sensus on the most relevant metric for this analysis. 
Very low frequency was not estimated from the visit 
1, 2-minute ECG because it requires at least 5  min-
utes of data for analysis.9 LF/HF ratio was included as a 
measure that, although no longer regarded as a reflec-
tion of sympathovagal balance, adjusts for the effect 
of absolute heart rate. Before analysis, the frequency 
domain measures (HF, LF, total frequency power) and 
PNN50 were log-transformed for normality and to re-
duce skewness.34

Vital Exhaustion Measurement
We assessed vital exhaustion during visit 2 using the 
21-item Maastricht Vital Exhaustion Questionnaire 
(MVEQ),35 which has been shown to prospectively 
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increase the risk of future coronary heart disease and 
mortality in the ARIC study.36 Each response was 
scored 0 for “No”, 1 for “Don’t Know”, and 2 for “Yes”, 
with reverse scoring for questions 9 and 14. The scores 
range from 0 to 21, with higher scores representing 
higher exhaustion. The Cronbach alpha for internal 
consistency has been reported as 0.89 by Appels et 
al.35 To simplify data presentation and interpretation, 
the exhaustion scores were also categorized in quar-
tiles: Q1 (0–1), Q2 (2–4), Q3 (5–7), and Q4 (8–21).

Anger Trait Measurement
Anger proneness was evaluated using the 10-item 
Spielberger State-Trait Anger Scale (STAS). This scale 
highly correlates with the 15-item STAS, which has a high 
level of internal consistency (Cronbach alpha of 0.87).37 
The anger score ranges from 10 to 40, with a higher 
score suggesting higher anger trait. A trait score of 10 to 
14 is defined as low anger, 15 to 21 as moderate anger, 
and 22 to 40 as high anger.37 High anger is associated 
with increased irritation and annoyance, increased per-
ception of anger-provoking situations, and increased fre-
quency of response to such situations with rage or fury.37 
This scale was collected at visit 2 and at visit 4.

Perceived Social Support Measurement
We measured social isolation using the Interpersonal 
Support Evaluation List (ISEL) and the Lubben Social 
Network Scale (LSNS) at visit 2. The ISEL version used 
was the 16-item questionnaire version designed to as-
sess the perceived social support and is composed of 
4 subscales: tangible, appraisal, belonging, and self-es-
teem. It is validated against the 40-item full questionnaire, 
and it is highly correlated with other perceived support-
instruments. It has an internal consistency in the range 
of 0.88 to 0.90.38,39 The LSNS is a well-validated 10-item 
questionnaire that assesses the size of an individual’s 
active social network and perceived support. The scores 
range from 0 to 50, with higher scores indicating greater 
social support. A score ≤20 is considered “socially iso-
lated”, 21 to 25 is “high risk”, 26 to 30 is “moderate risk”, 
and ≥31 is “low risk” for social isolation.40

Other Covariates
Additional potentially confounding variables were in-
corporated into the adjusted regression models, in-
cluding demographic and behavioral characteristics 
and medical comorbidities. Information on race, sex, 
alcohol use, and smoking status were self-reported. 
Blood pressure was measured using standardized 
protocols and hypertension was defined as a diastolic 
blood pressure of ≥90 mm Hg, systolic blood pres-
sure of ≥140 mm Hg, or antihypertensive medication 
use. Diabetes mellitus was defined as a self-reported 

history of diagnosis of diabetes mellitus by a phy-
sician, antihyperglycemic medication use, a fasting 
serum glucose ≥126 mg/dL, or a non-fasting serum 
glucose of ≥200  mg/dL. We calculated body mass 
index as weight (kg) divided by height (m) squared. 
Coronary heart disease was defined as a self-re-
ported history of myocardial infarction, coronary re-
vascularization, coronary artery bypass surgery, or 
electrocardiographic signs of prior myocardial infarc-
tion and adjudicated events thereafter. These co-
morbid conditions were collected at all study visits. 
Outcome events were also collected during follow-
up by obtaining available death certificates, coroner 
reports, informant interviews, hospital records, and 
autopsy reports. The cause of death was adjudicated 
by the ARIC Morbidity and Mortality Classification 
Committee following a standard protocol. Myocardial 
infarction was adjudicated by physician review based 
on chest pain, cardiac biomarkers/enzymes from 
hospitalization, ECG evidence including a new path-
ological Q wave, coronary heart disease history, and 
other associated information. Cardiovascular mortal-
ity was defined as mortality events in patients with 
coronary heart disease, prior myocardial infarction, 
and by International Classification of Diseases, Ninth 
Revision (ICD-9) and Tenth Revision (ICD-10) codes 
at time of death when available.

Statistical Analysis
The overall analytical strategy is summarized in 
Figure  1, which describes the cross-sectional analy-
ses done at visit 2 (carrying forward data from visit 1 to 
visit 2), and the change analyses done between visits 
1 or 2 and visit 4. As HRV data were not collected at 
visit 2, the HRV at visit 1 was carried forward to study 

Figure 1. Flow chart of study participants showing when 
heart rate variability and psychosocial measures were 
collected, and what time points are analyzed.
Visit 1 was between 1987 to 1989, visit 2 was between 1990 
to 1992, and visit 4 was between 1996 to 1998. Psychosocial 
measures were collected initially in visit 2, and anger trait was 
repeated in visit 4. HRV indicates heart rate variability.
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association with baseline psychosocial factors, as has 
been done in prior studies.27 The term cross-sectional 
and change are used to better identify the analytical 
approach. All analyses were assessed for interaction 
by sex. The psychological assessments (MVEQ, STAS, 
ISEL, LSNS) were tested for normality. The variables 
were compared using Spearman rank-order correla-
tion. The psychological variables were also compared 
with HRV variables using Pearson correlation. The 
association between psychosocial factors (main in-
dependent variables) and HRV (dependent variable) 
was estimated using linear regression models, ad-
justing for demographic and comorbid factors (age, 
body mass index, race, hypertension, coronary heart 
disease, diabetes mellitus). Both continuous and cat-
egorical representations of psychosocial factors were 
used to facilitate interpretation. Additional analyses 
were performed to assess the interaction of race and 
sex. Except when specified, the psychosocial factors 
were measured as 10-point differences in scale score. 
Additional adjusted models were used comparing the 
changes in HRV over time, as described above. As 
anger proneness was collected at visit 2 and 4, a re-
gression model was used to test the change in anger 
and the change in HRV over time. We further inves-
tigated any further associations between HRV and 
psychosocial stress metrics with sequential survival 
models. We used Cox proportional hazard models to 
test the relationship of increased psychosocial stress 
(top quartile) with all-cause mortality, myocardial in-
farction, and cardiovascular mortality. We first evalu-
ated the relationship of the stress metric alone, and 
then sequentially adjusted for selected HRV metrics 
that were associated with it, as a way to examine for 
autonomic mechanisms behind the increased CVD risk 
commonly found in those with increased chronic psy-
chological stress.41 All models adjusted for sex, age, 
body mass index, race, hypertension, coronary heart 
disease, and diabetes mellitus. The follow-up time 
was from enrollment in 1987 until 2018. Adjustment 
for multiple hypothesis testing were not performed 
because of the correlation between HRV measures. 
Significant relationships between exposure variables 
and HRV were also measured as units of HRV-age, 
which were measured by dividing the coefficient of the 
exposure variable by the coefficient for age. This was 
calculated to help understand the significance of the 
effect sizes. Statistical analysis was performed using 
R 3.6.1 (R Core Team 2018, Vienna, Austria).

RESULTS
Study Sample
From the initial sample, after exclusion by race (n=88), 
HRV-modifying medications (n=2892), incomplete 

HRV data (n=2382), and missing follow-up informa-
tion (n=1187), there were 9331 participants avail-
able at the time of visit 2. The mean age (SD) was 
56.7 (5.7) years, 43.2% were men, 78% were White, 
28.7% had hypertension, 4.5% had coronary heart 
disease, and 12.8% had diabetes mellitus, as seen 
in Table  1. At visit 2, the median score (interquar-
tile interval) for MVEQ was 4 (1–7), for STAS was 16 
(13–18), for ISEL 38 (33–42), and for LSNS was 33 
(29–36). All correlations between the psychosocial 
measures were mild (range, −0.32 to 0.50, Table S1). 
There were 6574 participants available at time of visit 
4 for change analyses.

Vital Exhaustion
Of the participants who met inclusion criteria and 
participated in visit 2, 9316 individuals had complete 
information on MVEQ. Table 2 shows the breakdown 

Table 1. Sample Characteristics: ARIC Visits 1, 2, and 4

Visit Visit 1 Visit 2 Visit 4

n 12 821 9331 6574

Age, y 54.4 (5.7) 56.7 (5.7) 62.1 (5.5)

Men 5760 (44.9%) 4031 (43.2%) 2753 (41.9%)

Race

Black 3212 (25.1%) 2055 (22.0%) 1308 (19.9%)

White 9609 (74.9%) 7276 (78.0%) 5266 (80.1%)

Hypertension 3479 (27.1%) 2677 (28.7%) 1980 (30.1%)

CHD 398 (3.1%) 423 (4.5%) 264 (4.0%)

DM 1284 (10.1%) 1202 (12.9%) 818 (12.4%)

MEDS

Hypertension 2095 (16.3%) 1784 (19.1%) 1044 (15.9%)

Cholesterol 315 (2.5%) 509 (5.5%) 669 (10.2%)

MVEQ … 4.0 [1;7] …

STAS … 16.0 [13;18] 15.0 [13;17]

ISEL … 38.0 [33;42] …

LSNS … 33.0 [29;36] …

HR, beats/min 68.0 (10.3) … 64.1 (9.4)

Ln HF 2.1 (1.3) … 4.4 (1.2)

Ln LF 2.7 (1.4) … 5.0 (1.2)

Ln TP 3.3 (1.3) … 5.7 (1.1)

LF/HF 2.8 (2.8) … 2.7 (2.8)

SDNN, ms 37.5 (19.3) … 37.0 (19.3)

RMSSD, ms 28.9 (22.6) … 27.6 (24.0)

Ln PNN50 1.5 (1.3) … 7.7 (12.4)

Values correspond to mean (SD), n (%), or median [interquartile interval]. 
ARIC indicates Atherosclerosis Risk in Communities; CHD, coronary heart 
disease; DM, diabetes mellitus; HF, high frequency; HR, heart rate; LF, 
low frequency; MEDS, medications; MVEQ, Maastricht Vital Exhaustion 
Questionnaire; PNN50, proportion of normally conducted RR intervals 
that differ by >50  ms divided by the total number of normally conducted 
RR intervals; RMSSD, the root mean square of successive differences in 
normally conducted RR intervals; SDNN, the SD of normally conducted RR 
intervals; and TP, total frequency power.
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of demographic characteristics, comorbid conditions, 
and HRV measures in quartiles based on vital exhaus-
tion score. Those with higher vital exhaustion (VE) were 
more likely to be women, Black race, and have more 
comorbidities. Differences in HRV measurements for 
every 10-point increase in MVEQ are shown in Table 3. 
There was a correlation between MVEQ score and LF 
HRV (−0.063; 95% CI, −0.083 to −0.043), and no cor-
relation with HF HRV. Each 10-point increased MVEQ 
was associated with a −0.11 (95% CI, −0.18 to −0.04) 

change in LF (ln ms2), −0.07 (95% CI, −0.13 to 0.0) 
change in HF (ln ms2), and a 0.62 (95% CI, 0.12 to 1.12) 
change in heart rate (beats/minute) in visit 1. Every 10-
point increased MVEQ was associated with a −0.16 
(95% CI, −0.24 to −0.09) change in LF, −0.09 (95% CI, 
−0.17 to −0.02) change in HF, and 1.23 (95% CI, 0.65 to 
1.81) change in heart rate in visit 4. LF HRV was signifi-
cantly lower in the highest versus lowest quartiles of VE 
(B=−0.14, 95% CI, −0.24 to −0.05). There was no in-
teraction between vital exhaustion and age (Figure S1), 

Table 2. Cross-Sectional Sample Characteristics by Vital Exhaustion Quartiles: ARIC Visit 2

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P Value

MVEQ score, range 0–1 2–4 5–7 8–21

n 2419 3029 1884 1992

Age, y 56.4 (5.6) 56.8 (5.6) 56.7 (5.7) 56.9 (5.8) 0.102

Men (%) 1418 (58.6%) 1393 (46.0%) 648 (34.4%) 569 (28.6%) <0.001

Race <0.001

Black 392 (16.2%) 605 (20.0%) 479 (25.4%) 578 (29.0%)

White 2027 (83.8%) 2424 (80.0%) 1405 (74.6%) 1414 (71.0%)

Hypertension, n (%) 584 (24.1%) 863 (28.5%) 548 (29.1%) 680 (34.1%) <0.001

CHD (%) 75 (3.10%) 123 (4.06%) 84 (4.46%) 140 (7.03%) <0.001

DM (%) 260 (10.7%) 337 (11.1%) 241 (12.8%) 360 (18.1%) <0.001

HR, beats/min 66.8 (10.2) 67.6 (9.81) 68.0 (9.98) 69.1 (10.5) <0.001

Ln HF 2.09 (1.28) 2.07 (1.31) 2.15 (1.30) 2.08 (1.34) 0.358

Ln LF 2.84 (1.31) 2.74 (1.33) 2.73 (1.34) 2.58 (1.41) <0.001

Ln TP 3.39 (1.22) 3.33 (1.25) 3.36 (1.24) 3.26 (1.29) 0.013

LF/HF 3.08 (3.04) 2.86 (2.85) 2.64 (2.67) 2.48 (2.69) <0.001

SDNN, ms 38.6 (18.7) 37.7 (19.4) 37.4 (19.7) 36.1 (18.9) 0.001

RMSSD, ms 28.9 (21.9) 28.6 (22.9) 29.5 (23.3) 28.7 (21.3) 0.99

Ln PNN50 1.54 (1.23) 1.53 (1.25) 1.57 (1.27) 1.51 (1.30) 0.346

Vital exhaustion from visit 2 was broken into quartiles. Demographic measures from visit 2 and heart rate variability measures from visit 1 were separated by 
quartile. Values correspond to mean (SD) or n (%). ARIC indicates Atherosclerosis Risk in Communities; CHD, coronary heart disease; DM, diabetes mellitus; 
HF, high frequency; HR, heart rate; LF, low frequency; MVEQ, Maastricht Vital Exhaustion Questionnaire; PNN50, proportion of normally conducted RR intervals 
that differ by more than 50 ms divided by the total number of normally conducted RR intervals; RMSSD, the root mean square of successive differences in 
normally conducted RR intervals; SDNN, the standard deviation of normally conducted RR intervals; and TP, total frequency power.

Table 3. Association of Psychosocial Factors at Visit 2 With Heart Rate Variability Measurements Carried Forward From 
Visit 1 in the ARIC Study

Psychosocial Factors With Heart Rate Variability and Mean HR at Visit 1

Frequency Domain Time Domain

Ln HF Ln LF LF/HF SDNN RMSSD HR

MVEQ −0.07* (−0.13 to 0.0) −0.11† (−0.18 to −0.04) −0.06 (−0.20 to 0.08) −0.94 (−1.91 to 0.03) −0.38 (−1.51 to 0.76) 0.62* (0.12‒1.12)

STAS −0.03 (−0.10 to 0.03) −0.02 (−0.08 to 0.05) 0.10 (−0.02 to 0.30) 0.10 (−0.90 to 1.00) 0.20 (−0.90 to 1.00) −0.20 (−0.70 to 0.30)

ISEL 0.01 (−0.03 to 0.04) 0.02 (−0.02 to 0.06) −0.003 (−0.08 to 0.08) −0.31 (−0.86 to 0.24) −0.61 (−1.26 to 0.03) −0.10 (−0.39 to 0.19)

LSNS 0.0 (−0.04 to 0.04) −0.01 (−0.06 to 0.03) −0.07 (−0.16 to 0.02) −0.61* (−1.23 to 0.0) −0.82* (−1.53 to −0.10) 0.08 (−0.24 to 0.40)

Psychosocial factors were analyzed in adjusted linear regression models with heart rate variability from visit 1. The estimates are for the amount of change 
in heart rate variability for every 10-point change in Maastricht Vital Exhaustion Questionnaire (n=9316), Spielberger Trait Anger Scale (n=9324), Interpersonal 
Support Evaluation List (n=9317), and Lubben Social Network Scale (n=9317), respectively. Models were adjusted for age, race, sex, body mass index, 
hypertension, coronary heart disease, and diabetes mellitus. ARIC indicates Atherosclerosis Risk in Communities; HF, high frequency (ln ms2); HR, heart rate 
(beats/minute); ISEL, Interpersonal Support Evaluation List; LF, low frequency (ln ms2); LSNS, Lubben Social Network Scale; MVEQ, Maastricht Vital Exhaustion 
Questionnaire; RMSSD, the root mean square of successive differences in normally conducted RR intervals (ms); SDNN, the SD of normally conducted RR 
intervals (ms); STAS, Spielberger Trait Anger Scale; and TP, total frequency power (ln ms2).

*P<0.05.
†P<0.01.
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sex, or race. When assessing the interaction of both 
race and sex together, we found no significant interac-
tions. In comparison, each additional year of age as-
sociated with −0.04 (95% CI, −0.04 to −0.03) change 
in LF HRV.42 Therefore, each 10-point increase in VE 
score associated with 2.9  years of higher HRV-age. 
The top quartile of VE score, versus bottom quartile, 
associated with 3.8 (95% CI, 1.4‒5.6) years of HRV-
age, as seen in Figure 2. The relationships of VE with 
HRV changes from visit 2 to visit 4 were also exam-
ined. The most prominent findings were an associa-
tion of VE with larger declines in LF HRV (standardized 
units) over time from visit 1 to visit 4, as well as greater 
increases in heart rate and decreases in SDNN, similar 
in magnitude to the effect on LF (Table 4).

In the outcome analysis, from 1987 to 2018, there 
were 4277 overall deaths and 1107 myocardial in-
farction events, with 1232 deaths attributable to car-
diovascular disease. As seen in Figure 3, the median 
survival of those with the top quartile of VE and the 
bottom quartile of LF HRV was 25.4 years, compared 
with those with normal VE and HRV who had a me-
dian survival of 31.2 years. The top quartile of VE had 
a hazard ratio (HR) for all-cause mortality 1.29 (95% 
CI, 1.20‒1.39), an HR for myocardial infarction of 1.20 
(95% CI, 1.04‒1.39), and an HR for cardiovascular mor-
tality of 1.31 (95% CI, 1.15‒1.50). After adjusting for LF 
and HF HRV (Table 5), the HR for all-cause mortality, 
myocardial infarction, and cardiovascular mortality was 
unchanged. LF HRV showed a reduced HR for all out-
comes, however HF was associated with an increased 
HR for death when included as an additional covariate.

Anger Proneness
There were 9324 participants at visit 2 with data on 
anger trait and HRV (Table  S2). There were no sig-
nificant associations of anger tertile with HRV. After 
adjustment for covariates, anger proneness was not 
significantly associated with any HRV measures from 
visit 1 (Table 3). For every 10-point increase in anger 
trait, there was a greater increase in heart rate from 
visit 1 to visit 4. As anger trait was repeated at visit 4, 
those with an increase in anger trait from visit 2 to visit 
4 had a larger decline in heart rate over time from visit 
1 to visit 4, as seen in Table 4. There was no interaction 
between anger proneness and age, sex, or race.

Social Isolation
There were 9317 participants at visit 2 with data on 
social support and HRV. Tables S3 and S4 show the 
breakdown of demographic characteristics, comorbid 
conditions, and HRV measures with both ISEL and 
LSNS categories of social support. Changes in HRV 
for every 10-point increase in the ISEL and LSNS are 
shown in Table 3, and changes in HRV over time from 
visit 1 to visit 4 are shown in Table 4. Social isolation 
as measured by LSNS showed a reduction in SDNN 
(−0.61, 95% CI, −1.23 to −0.00) and RMSSD (−0.82, 
95% CI, −1.53 to −0.10). Higher social support was as-
sociated with a larger decline in heart rate over time. 
There was no interaction between social support and 
age, sex or race. As there was a relationship between 
LSNS and SDNN and RMSSD, outcome analyses were 
performed similarly to that of vital exhaustion. The bot-
tom quartile of LSNS, which represents the least social 
support, associated with all-cause mortality, with HR, 
1.46; 95% CI, 1.28‒1.65; The relationships with myo-
cardial infarction (HR, 1.10; 95% CI, 0.84‒1.44) and 
cardiovascular mortality (HR, 1.23; 95% CI, 0.96‒1.58) 
were lower and not significant. After sequentially ad-
justing for RMSSD and SDNN (Table 6), the associa-
tions were unchanged, however both RMSSD and 
SDNN had small associations with overall and cardio-
vascular mortality.

DISCUSSION
Main Finding
In this community-based sample of 9331 participants, 
we found several associations with HRV and HR with 
psychosocial factors. Most notably, we found that only 
vital exhaustion associated with low HRV; in addition, 
we found fewer associations of HRV and heart rate with 
anger and social support. Specifically, when compar-
ing the highest versus lowest quartile of VE, the effects 
on LF HRV were the same as the effects of nearly 4 
added years of age (HRV-age).42 Vital exhaustion also 

Figure 2. Comparison of the relationship of low frequency 
heart rate variability and vital exhaustion quartile by heart 
rate variability-age units.
Heart rate variability-age units were calculated by the ratio of 
the coefficient for vital exhaustion by the coefficient for age in 
models predicting low frequency heart rate variability. The effect 
of having the highest quartile of exhaustion was equivalent to an 
increase of ≈ 4 years of heart rate variability-age (as measured 
by low frequency heart rate variability). HRV indicates heart rate 
variability, and LF, low frequency.
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associated with decreased LF HRV over time. Both 
anger and social isolation were associated with higher 
heart rates, suggesting that lower heart rates were pro-
tective. This is similar to work showing a protective effect 
of normal HRV at the development of depression and 
post-traumatic stress disorder,17,43 and highlights the 
importance of the autonomic nervous system as a po-
tential system that provides resilience to psychological 

stressors. Our findings were robust after rigorous ad-
justment for covariates and support the hypothesis 
that vital exhaustion exerts a persistent and independ-
ent influence on autonomic function. Our findings may 
have important implications about the cardiotoxicity of 
somatic symptoms of stress specifically in contrast with 
other measures of stress (anger) and situational factors 
(social support), which may have less biological impact.

Table 4. Association of Psychosocial Factors at Visit 2 With Changes in z-Normalized Heart Rate Variability Between Visit 
1 and Visit 4

Psychosocial Factors With Standardized Heart Rate Variability and HR Changes in Time

Frequency Domain Time Domain

Ln HF Ln LF LF/HF SDNN RMSSD HR

MVEQ −0.04 (−0.12 to 0.04) −0.09* (−0.17 to −0.01) −0.08 (−0.16 to 0.0) −0.09* (−0.17 to −0.01) –0.05 (−0.12 to 0.03) 0.15† (0.09‒0.21)

STAS 0.01 (−0.07 to 0.09) 0.01 (−0.08 to 0.09) −0.05 (−0.10 to 0.03) −0.02 (−0.10 to 0.06) –0.03 (−0.10 to 0.04) 0.10‡ (0.05‒0.20)

ISEL 0.0 (−0.01 to 0.0) 0.0 (−0.01 to 0.0) 0.0 (0.0 to 0.01) 0.0 (0.0 to 0.01) 0.0 (0.0 to 0.01) −0.01† (−0.01 to 0.0)

LSNS −0.01 (−0.06 to 0.04) 0.0 (−0.06 to 0.05) 0.03 (−0.03 to 0.08) 0.02 (−0.03 to 0.07) 0.02 (−0.03 to 0.07) −0.06† (−0.10 to −0.02)

∆STAS 0.0 (−0.09 to 0.08) 0.04 (−0.05 to 0.10) 0.07 (−0.02 to 0.20) 0.01 (−0.08 to 0.10) 0.01 (−0.07 to 0.10) −0.10† (−0.20 to −0.03)

Psychosocial factors were analyzed in adjusted linear regression models with the change in z-normalized heart rate variability from visit 1 to visit 4 as the 
outcome, showing both directionality and magnitude of change. The estimates are for the amount of change in heart rate variability for every 10-point change in 
Maastricht Vital Exhaustion Questionnaire (n=5371), Spielberger Trait Anger Scale (n=5356), Interpersonal Support Evaluation List (n=5330), and Lubben Social 
Network Scale (n=5330) respectively. An additional model included the effect of a 10-point change in Spielberger Trait Anger Scale (n=5343) from visit 2 to visit 
4. Models were adjusted for age, race, sex, body mass index, hypertension, coronary heart disease, and diabetes mellitus. HF indicates high frequency (ln ms2); 
HR, heart rate (beats/minute); ISEL, Interpersonal Support Evaluation List; LF, low frequency (ln ms2); LSNS, Lubben Social Network Scale; MVEQ, Maastricht 
Vital Exhaustion Questionnaire; STAS, Spielberger Trait Anger Scale; TP, total frequency power (ln ms2); SDNN, the standard deviation of normally conducted 
RR intervals (ms); and RMSSD, the root mean square of successive differences in normally conducted RR intervals (ms).

*P<0.05.
†P<0.01.
‡P<0.001.

Figure 3. Survival curve for groups of high vs low exhaustion with normal vs low 
low frequency heart rate variability, with shaded intervals indicating 95% CIs, with 
time in years.
HRV indicates heart rate variability, and LF, low frequency.
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Relationship Between Psychosocial 
Stress on the Autonomic Nervous System
Our findings are supported by the epidemiological liter-
ature in studies evaluating somatic symptoms and out-
comes.44–47 Somatic, but not cognitive symptoms of 
depression, were associated with inflammatory mark-
ers and overall mortality in post-myocardial infarction 
participants from the TRIUMPH registry (Translational 
Research Investigating Underlying disparities in acute 
Myocardial infarction Patients’ Health status).48,49 Vital 
exhaustion is both a marker of chronic psychological 
distress and somatic depressive symptoms,19 which 
may explain its potential role in cardiovascular mortal-
ity. Appels and Mulder showed that vital exhaustion 
was predictive of future myocardial infarction, inde-
pendently of past medical risk factors,20 and validated 
these findings within the ARIC cohort as well.36,50 The 
association of low HRV and vital exhaustion was pri-
marily seen with HF and LF HRV. This suggests de-
creased parasympathetic nervous system modulation 
(HF) and also dysfunctional pathways involving both 
autonomic branches and/or baroreflex sensitivity (LF).31 
We examined these potential autonomic mechanisms 
underlying excess cardiovascular disease that has pre-
viously been reported in those with high vital exhaus-
tion. As seen in Figure 3, both vital exhaustion and low 
HRV show an increased risk of overall mortality. The 
results of our survival analysis suggest that short-term 
HF and LF HRV do not explain the excess risk of vital 
exhaustion.51 Research into other HRV measures (such 
as long-term measures) and/or other mechanisms, 
such as inflammation and hormonal mechanisms, are 
warranted.52,53

Our finding of the association between decreased 
social support decreased SDNN and RMSSD sup-
port the concept that these psychosocial factors 
can lead to physiological changes. The association 
of social support with RMSSD and SDNN suggest 
decreased resting parasympathetic activity in those 
with low social support. In previous studies, social 
isolation and anger proneness were both associ-
ated with elevated risk of cardiovascular mortality.1,41 
However, social isolation measured by LSNS did 
not show mediation by HRV in outcomes analysis 
(Table 6). There was a relationship between increased 
social isolation, by LSNS, in both cardiovascular and 
overall mortality. The reasons for the weaker positive 
findings with anger and social isolation are not clear. 
One possibility is that the mechanisms involved are 
through other pathways than autonomic dysfunction 
or are not effectively measured by the HRV metrics 
we used in this study, and that longer recording times 
are needed, for example.54 In general, few studies 
have studied the relationship between psychosocial 
stress and autonomic dysfunction, and no studies, 
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to our knowledge, have ever studied the relation-
ship of anger or social support with HRV. One study 
found that the relationship between social isolation 
and incident heart failure was fully mediated by vital 
exhaustion.21 In contrast with vital exhaustion, anger 
may be considered a cognitive stressor55; this fur-
ther underscores the hypothesis that somatic symp-
toms are specifically related to (and perhaps driven 
by) autonomic dysfunction. Another important con-
sideration is that social support is not a continuous 
phenomenon—the effect of physical touch on vagus 
activation versus perceived support can be quite 
different.56,57 The lack of social support can also 
be attributed to different underlying etiologies, from 
current situational or environmental factors to early 
childhood experiences.58

Limitations and Future Directions
The current study has several limitations. Our main 
analysis required carrying forward the HRV data from 
visit 1 to visit 2, when the psychosocial data were 
collected. Because of potential changes over time, 
this may lead to misclassification. In most cases, 
such misclassification would cause bias to the null 
and type II error. However, during visit 4, we were 
able to evaluate anger and HRV that were both ac-
quired simultaneously. Although we presume that 
vital exhaustion leads to changes in HRV, as seen in 
the relationship between visit 2 and visit 4, the rela-
tionship can also be bi-directional. Those that have 
lower HRV may be more susceptible to developing 
vital exhaustion. These findings cannot conclude evi-
dence of temporality or causality in this relationship. 
In addition, there are several limitations based on the 
measurement of HRV. Most importantly, additional 
HRV data including power spectral plots, Poincaré 
plots, or tachograms to assess the quality of the ECG 
data were not available for analysis. HRV was only 
collected at visit 1 and visit 4, and both times had dif-
ferent recording lengths which make direct compari-
sons difficult. We were able to partially compensate 

for this by standardizing the HRV measurement. The 
reliability of HRV is decreased in shorter duration re-
cording, while only 2-minute recordings were availa-
ble from visit 1. Compared with higher frequency and 
time domain measures, LF is a less reliable measure 
in the 2-minute recordings (versus the 6-minute re-
cordings). This limits our ability to distinguish true, 
between-visit changes in LF from measurement error, 
but would bias our findings towards the null. Very low 
frequency needs a minimum of 5 minutes of record-
ing, which was not done except at visit 4, and thus 
was not interpretable. The finding of increased mor-
tality with increased HF HRV is unexpected in light of 
prior literature which has found a protective effect.59 
In some cases, HF HRV can be inflated because 
of ectopic beats or increased respiratory effort be-
cause of underlying lung disease. There are also no 
consensus guidelines on comparing HRV between 
different length recordings, particularly with power 
spectral analysis.54 Our methods to use normalized 
values are not validated, and therefore the change 
analysis results should be interpreted with caution. 
However, our study is strengthened by careful in-
clusion/exclusion criteria in regards to medication 
use and high-quality ECG data, rigorous statistical 
analyses, and focused hypothesis testing in a large, 
well-characterized community sample. Future work 
is needed to understand a wider array of mecha-
nisms alongside HRV that may explain the increased 
mortality from psychosocial stress. One candidate 
study possible within ARIC includes the evaluation of 
available inflammatory markers, which associate with 
depression,60 as mediating mechanisms between 
stress and mortality.61

CONCLUSIONS
We found that vital exhaustion, and to a lesser extent 
anger proneness or social isolation, were associated 
with autonomic dysfunction as measured via short 
duration measures of HRV and heart rate. The finding 

Table 6. Cox Proportional Hazard Models for Death, Myocardial Infarction, and Cardiovascular Disease Mortality

Death MI CVD Mortality

LSNS 1.46* (1.28, 
1.65)

1.46* (1.28, 
1.65)

1.46* (1.29, 
1.66)

1.10 (0.84, 
1.44)

1.10 (0.84, 
1.45)

1.10 (0.84, 
1.44)

1.23† (0.96, 
1.58)

1.23† (0.96, 
1.58)

1.24† (0.97, 
1.59)

RMSSD 1.00 (1.00, 
1.00)

1.01* (1.00, 
1.01)

1.00 (1.00, 
1.00)

1.00† (1.00, 
1.01)

1.00 (1.00, 
1.00)

1.01* (1.00, 
1.01)

SDNN 0.99* (0.99, 
0.99)

0.99* (0.99, 
1.00)

0.99* (0.98, 
1.00)

The initial models used social isolation as the exposure, with subsequent models adjusted for RMSSD and SDNN. All models included adjustment for 
age, sex, body mass index, race, hypertension, CHD, and diabetes mellitus. CVD indicates cardiovascular disease; LSNS, Lubben Social Network Scale; MI, 
myocardial infarction; RMSSD, the root mean square of successive differences in normally conducted RR intervals; and SDNN, the SD of normally conducted 
RR intervals.

*P<0.001.
†P<0.05.
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may reflect an important physiologic mechanism that 
explains the relationship of vital exhaustion, a somatic 
symptom commonly found in depression, and car-
diovascular disease. This elucidation of mechanism 
may be particularly useful when considering not only 
the clinical importance of vital exhaustion as a marker 
of autonomic dysfunction, but also the evaluation of 
future therapies that target autonomic dysfunction to 
confer cardiovascular benefits.
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Table S1. Correlation of psychosocial factors and age at visit 2. 

 STAS MVEQ ISEL LSNS AGE 

STAS 1 0.3 -0.2 -0.1 -0.1 

MVEQ 0.3 1 -0.3 -0.2 0.0 

ISEL -0.2 -0.3 1 0.5 0.0 

LSNS -0.1 -0.2 0.5 1 0.0 

AGE -0.1 0.0 0.0 0.0 1 

 

STAS = Spielberger Trait Anger Scale, MVEQ = Maastricht Vital Exhaustion Questionnaire, 

ISEL = Interpersonal Support Evaluation List, LSNS = Lubben Social Network Support Scale. 

  



Table S2. Cross-sectional sample characteristics by anger trait level tertiles: ARIC visit 2. Anger trait 

from visit 2 was broken into tertiles. Demographic measures from visit 2 and HRV measures from visit 1 

were separated by tertile. 

 Low Anger Moderate Anger High Anger 

STAS score, range 0 – 14 15 – 21 22 – 40 

N 3506 5103 715 

AGE (years) 54.7 (5.8)   54.1 (5.6)   54.0 (5.8) 

Male (%) 1484 (42.3%)  2200 (43.1%)  348 (48.7%) 

RACE:                                         

    Black 877 (25.0%)   1010 (19.8%)  159 (22.2%) 

    White 2629 (75.0%)  4093 (80.2%)  556 (77.8%) 

HTN (%) 939 (26.8%)   1235 (24.2%)  196 (27.4%) 

CHD (%)  79 (2.25%)   128 (2.51%)   31 (4.34%)  

DM (%) 331 (9.44%)   444 (8.70%)   78 (10.9%)  

HR (beats/min) 67.8 (10.1)   67.8 (10.1)   67.9 (10.7) 

Ln HF 2.08 (1.31)   2.11 (1.30)   2.02 (1.42) 

Ln LF  2.71 (1.33)   2.76 (1.34)   2.66 (1.48) 

Ln TP  3.32 (1.25)   3.36 (1.24)   3.28 (1.34) 

LF/HF 2.77 (2.84)   2.79 (2.71)   2.98 (3.64) 

SDNN (ms) 37.2 (19.0)   37.8 (19.2)   37.1 (20.7) 

RMSSD (ms) 28.7 (22.3)   29.1 (22.4)   28.7 (24.2) 

Ln PNN50 1.51 (1.25) 1.55 (1.26) 1.52 (1.28) 

 



HTN = hypertension, CHD = coronary heart disease, DM = diabetes mellitus, HR = heart rate, 

HF = high frequency, LF = low frequency, TP = total frequency, SDNN = the standard deviation 

of normally conducted RR intervals, RMSSD = the root mean square of successive differences 

in normally conducted RR intervals, PNN50 = proportion of normally conducted RR intervals 

that differ by more than 50 ms divided by the total number of normally conducted RR intervals. 

 

 

 

 

  



Table S3. Sample characteristics by ISEL tertiles at visit 2 with HRV at visit 1. 

 Low Support Moderate Support High Support 

ISEL score, range 0 – 35 36 – 41 42 – 48 

N 3459 3220 2653 

AGE (years) 56.9 (5.7) 56.8 (5.7) 56.4 (5.6) 

Male (%) 1653 (47.8%) 1354 (42.0%) 1024 (38.6%) 

RACE:    

    Black 799 (23.1%) 653 (20.3%) 604 (22.8%) 

    White 2660 (76.9%) 2567 (79.7%) 2049 (77.2%) 

HTN (%) 1082 (31.3%) 891 (27.7%) 704 (26.5%) 

CHD (%) 202 (5.84%) 123 (3.82%) 98 (3.69%) 

DM (%) 498 (14.4%) 386 (12.0%) 318 (12.0%) 

HR (beats/min) 67.9 (10.5) 67.7 (10.1) 67.8 (9.74) 

Ln HF 2.05 (1.33) 2.11 (1.29) 2.13 (1.29) 

Ln LF  2.68 (1.38) 2.77 (1.33) 2.75 (1.32) 

Ln TP  3.30 (1.28) 3.36 (1.24) 3.36 (1.23) 

LF/HF 2.80 (2.95) 2.81 (2.76) 2.76 (2.78) 

SDNN (ms) 37.4 (19.7) 37.6 (18.9) 37.5 (19.0) 

RMSSD (ms) 29.0 (23.4) 28.7 (21.1) 29.0 (22.5) 

Ln PNN50 1.54 (1.26) 1.53 (1.26) 1.54 (1.25) 

 
ISEL = Interpersonal Support Evaluation List, HTN = hypertension, CHD = coronary heart 
disease, DM = diabetes mellitus, HR = heart rate, HF = high frequency, LF = low frequency, TP 
= total frequency, SDNN = the standard deviation of normally conducted RR intervals, RMSSD 
= the root mean square of successive differences in normally conducted RR intervals, PNN50 = 
proportion of normally conducted RR intervals that differ by more than 50 ms divided by the total 
number of normally conducted RR intervals.  



Table S4. Sample characteristics by LSNS tertiles at visit 2 with HRV at visit 1. 

 Socially Isolated High Risk Moderate Risk Low Risk 

LSNS score, range 0 – 20 21 – 25 26 – 30 31 – 50 

N 378 757 2024 6145 

AGE (years) 56.9 (5.8) 56.5 (5.7) 56.9 (5.8) 56.6 (5.6) 

Male (%) 220 (58.2%) 379 (50.1%) 872 (43.1%) 2540 (41.3%) 

RACE:     

    Black 99 (26.2%) 212 (28.0%) 480 (23.7%) 1245 (20.3%) 

    White 279 (73.8%) 545 (72.0%) 1544 (76.3%) 4900 (79.7%) 

HTN (%) 111 (29.4%) 230 (30.4%) 611 (30.2%) 1713 (27.9%) 

CHD (%) 28 (7.41%) 31 (4.10%) 101 (4.99%) 260 (4.23%) 

DM (%) 68 (18.0%) 113 (14.9%) 246 (12.2%) 768 (12.5%) 

HR (beats/min) 67.3 (10.1) 67.6 (10.6) 67.7 (10.2) 67.9 (10.0) 

Ln HF 2.05 (1.37) 2.12 (1.30) 2.06 (1.31) 2.10 (1.30) 

Ln LF  2.74 (1.39) 2.74 (1.34) 2.69 (1.36) 2.75 (1.34) 

Ln TP  3.33 (1.31) 3.36 (1.23) 3.29 (1.25) 3.35 (1.24) 

LF/HF 2.94 (3.06) 2.87 (3.23) 2.78 (2.97) 2.78 (2.73) 

SDNN (ms) 38.7 (21.6) 38.3 (20.5) 37.0 (18.2) 37.5 (19.2) 

RMSSD (ms) 30.4 (27.7) 29.5 (24.0) 28.6 (21.1) 28.8 (22.1) 

Ln PNN50 1.56 (1.25) 1.62 (1.24) 1.54 (1.24) 1.52 (1.27) 

 
LSNS = Lubben Social Network Scale, HTN = hypertension, CHD = coronary heart disease, DM 
= diabetes mellitus, HR = heart rate, HF = high frequency, LF = low frequency, TP = total 
frequency, SDNN = the standard deviation of normally conducted RR intervals, RMSSD = the 
root mean square of successive differences in normally conducted RR intervals, PNN50 = 
proportion of normally conducted RR intervals that differ by more than 50 ms divided by the total 
number of normally conducted RR intervals. 
 



Figure S1. Age and relationship to LF by vital exhaustion quartiles.  

 

 

 

Age was plotted against low frequency HRV by each quartile of vital exhaustion. Q1 = 0-1, Q2 = 2-4, Q3 = 

5-7, Q4 = 8-21.  HRV = heart rate variability, LF = low frequency 

 


