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4. Rationale:  
 Social relationships have been consistently associated with health outcomes, with more 
favorable measures of social relationships being associated with prolonged years of life, and 
more favorable mental and physical health outcomes.1 Social relationships are hypothesized to 
affect health through behavioral processes (smoking, diet, physical activity, etc.) and 
psychological processes (stress management, depression, etc.), which in turn affect biological 
processes related to the cardiovascular, neuroendocrine, and immune systems.2 Observational 
evidence suggests that poor social relationships may be related both to increased risk of incident 
heart failure (HF),3 and poor prognosis after an HF diagnosis.4-7 Additionally, social 
relationships measured among HF patients predicts HF-related symptoms,8 HF self-care 
behaviors,9,10 length of hospital stay,11 and potentially even depression.6 
 
 Although social relationships are alterable through interventions such as cognitive 
behavioral therapy,12 experimental trials have been largely unsuccessful in changing the 
progression of HF by implementing social-relationship interventions among HF patients.13,14 
Reigel et al. implemented a peer support intervention among 31 heart failure patients, and found 
that although HF self-care management had improved in the intervention group, there was no 
difference in time to hospitalization between the control and intervention groups.14 A trial using 
a similar intervention, reciprocal peer support, was conducted among 266 HF patients. It found 
that the intervention group had increased levels of social support, but that there was no difference 
between the control and intervention group in risk of rehospitalization or death.13 Unlike results 
from observational studies that show a strong relationship between social relationships measured 
among HF patients and HF morbidity and mortality, these trials suggest that social relationship 
interventions among those with HF are not effective in altering HF morbidity and mortality. 
These incongruous results warrant investigation, which could lead to improved interventions. 
 
 The specific aspect of social relationships intervened on may have contributed to 
unsuccessful interventions. Structural (quantity of relationships, social isolation) and functional 
(quality of relationships, social support) aspects of social relationships may play different roles in 
cardiovascular disease (CVD) pathologies. Some current observational studies suggest that 
structural measures of social relationships measured among HF patients are related to HF 
morbidity and mortality,15-19 while others did not.20 Studies of functional measures of social 
relationships measured in HF patients suggest they are predictive of HF morbidity and 
mortality,8,11,15,20-23 however, not all studies agree.16-18,24 In terms of HF morbidity, social 
resources may determine the availability of caregivers and contacts to help access medical care, 
aid in performing personal care tasks and house chores, and provide emotional support, among 
other types of support.25 Little work has been done to identify the specific aspects of social 
relationships or types of social support that are the most important for improving HF morbidity 
and mortality after initial hospitalization, as few studies have assessed specific types of social 
support rather than the overall measure.18,20,26 Previous interventions may not have targeted the 
specific aspect of social relationships or specific types of social support most associated with HF 
morbidity and mortality, resulting in inconsistencies with observational findings. By studying 
multiple aspects of social relationships (structural: social isolation; functional: perceived social 
support) and types of social support (appraisal support, tangible support, belonging support, and 
self-esteem support), our research may elucidate specific aspects of social relationships most 
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associated with decreased morbidity and mortality due to HF, which can better inform 
intervention development in the future. 
 

Additionally, experimental and observational evidence may conflict due to timing of 
intervention and social relationship measurement. Social relationship interventions may have 
been unsuccessful because intervening on social relationships after HF diagnosis is too late to 
change disease progression, or because social relationships later in life may not be easily 
altered. If true, this would point to the premorbid period as a potential time for intervention, 
using prevention to slow HF progression. However, little observational or experimental 
research has focused on the relationship between premorbid social relationships and post-HF 
hospitalization morbidity and mortality. Premorbid social relationships may be especially 
important in predicting HF morbidity and mortality since HF is a chronic condition, rather 
than an acute event such as a myocardial infarction or stroke. Measurement of premorbid 
social relationships may be more reflective of social resources available to the patient prior to 
HF hospitalization, as declines in health leading up to HF hospitalization may negatively 
affect social relationships.12 Caregivers of HF patients report a high physical and emotional 
toll, regardless of the severity of the HF patient.25 Therefore, it is important to measure the 
patient’s social resources before they are strained by hospitalization. This proposal will avoid 
this issue by examining social relationships measured prior to initial HF hospitalization 
(Figure 1). 

 
Figure 1. Timeline (t to t’) of social relationship measurement/intervention in relation to first 
HF hospitalization in previous studies (panel A) and the present proposed study (panel B). 

 

 
 

To our knowledge, only two studies have assessed the associations of premorbid 
social relationships with HF morbidity and mortality. Kaiser et al. assessed the associations 
of structural and functional aspects of social relationships with mortality, including 
participants of the Cardiovascular Health Study who developed HF within 2 years of the 
initial social relationship measurements, higher social isolation to be associated with greater 
mortality, but no association with premorbid social support.27 Additionally, Krumholz et al. 
assessed the associations of emotional support, instrumental support, and social ties 
measured on average 2 years prior to initial HF hospitalization and their associations with 1-
year risk of fatal or nonfatal CV events, CV death, CV readmissions, and all-cause 
mortality.26 This study found only premorbid emotional social support to be associated with 
measures of HF morbidity and mortality.26 Further research is needed to determine the 
associations of premorbid structural and functional aspects of social relationships with HF 
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morbidity and mortality as little evidence exists, and the results of existing studies conflict as 
to whether structural or functional aspects of social relationships are important to HF 
morbidity and mortality. 

 
Very few studies have investigated the role of changes in social relationships and 

their association with HF morbidity and mortality.28 Social relationships primarily change 
with life events that change social circles, such as marriage, divorce, death of a partner, 
moving, retirement, and declines in health.12,29 As it is common for middle-aged populations 
to experience these events, and to experience declines in health due to HF, it is important to 
assess social relationships at multiple time points and whether changes in social relationships 
are associated with HF morbidity and mortality after the initial HF hospitalization. 

 
Previous studies have primarily defined HF morbidity in terms of recurrent HF 

rehospitalizations.4-7 In order to obtain a wider picture of clinical events related to the 
progression of HF, we will investigate the timing and number of hospitalizations, proportion 
of year spent in cardiovascular-related hospital stays, and risk of any cardiovascular 
event/all-cause mortality within the first year of incident HF hospitalization. In addition to 
these clinical measures of HF morbidity and mortality, we will also assess annually measured 
self-rated health (SRH) in the four years prior to and after incident HF hospitalization. SRH 
is a holistic measure of perceived health that encompasses physical, mental, and social 
health, and is associated with risk of CVD and mortality.30 To our knowledge, no previous 
works have investigated the relationship between social relationships and SRH in the years 
before and following a HF hospitalization. In the ARIC cohort, it was shown that participants 
with HF had the lowest measures of SRH, and had the largest decreases in SRH in the four 
years prior to initial HF hospitalization, compared to participants who experienced other 
cardiovascular events such as myocardial infarction and stroke.31 This was followed by a 
sharp decline in SRH following the initial HF hospitalization, and gradual downwards 
trajectory for the following 4 years.31 This analysis will be able to explore whether going into 
a HF hospitalization with more favorable measures of social relationships, and whether 
changes in these relationships, are associated with higher levels of SRH both before and after 
HF hospitalization. 
 
 We propose to examine premorbid structural (social isolation) and functional (perceived 
total social support) aspects of social relationships, along with specific types of social support 
(appraisal support, tangible support, belonging support, and self-esteem support), at mid-life and 
their changes, and their associations with HF morbidity and mortality measured by clinical 
events and progression of SRH. Analyses will employ secondary data from the Atherosclerosis 
Risk in Communities (ARIC) Study, which measured social relationships in 1990-1992. 
Assessment of changes in social relationships will be executed among ~1,250 ARIC participants 
who also participated in the Jackson Heart Study (JHS), which measured social relationships in 
2000-2004. 
 
5. Main Hypothesis/Study Questions: 
 Aim 1: Estimate the associations of premorbid structural and functional aspects of social 
relationships at mid-life (ARIC) and their 10-year changes (ARIC/JHS shared cohort) with 
clinically recognized measures of HF morbidity and mortality. 
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Hypothesis: Lower premorbid social isolation and greater premorbid social support, and 
preservation of low social isolation and high social support, will be associated with lower 
morbidity and mortality due to HF in the year following initial HF hospitalization. 
 

Aim 2: Estimate the associations of structural and functional aspects of social 
relationships at mid-life (ARIC) and their 10-year changes (ARIC/JHS shared cohort) with 
repeated measures of SRH 4 years prior to and after an initial HF hospitalization. 
Hypothesis: Lower premorbid social isolation and greater premorbid social support, and 
preservation of low social isolation and high social support, will be associated with higher 
levels of SRH pre- and post-initial HF hospitalization. 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
This prospective, longitudinal cohort study will include ~2,827 ARIC participants who have 
measures of structural and functional aspects of social relationships at Visit 2 and who had an 
initial HF hospitalization . Analyses that involve changes in social relationships will include all 
ARIC/JHS shared cohort participants with measures of social relationships at ARIC Visit 2 and 
JHS Visit 1 (~1200 in total and ~350 who experienced an initial HF hospitalization). Analyses 
will not include any JHS participants who were not also ARIC participants. All demographic 
characteristics and medical histories were collected at ARIC Visit 1. 
 
Exclusions. Participants with missing social relationship data from ARIC Visit 2. Participants 
with a history of HF or those who experienced an incident HF hospitalization before ARIC Visit 
2. Participants who did not experience an initial HF hospitalization over the course of follow-up. 
Non-white and non-Black participants. Participants from the ARIC/JHS shared cohort who 
experienced an incident HF hospitalization before the second measurement of social 
relationships in JHS will be excluded from analyses involving changes in social relationships. 
 
Exposure assessment. All social relationship exposures were assessed by a single, self-
administered health and life profile questionnaire at the second ARIC visit (1990-1992). In JHS, 
social relationships were assessed using two self-administered questionnaires at the first visit 
(2000-2004): one on social support and another titled Approach to Life A. Current literature 
often uses inconsistent language to describe measures of social relationships. Therefore, this 
project will classify social relationships into structural and functional measures of social 
relationships, as recommended by Valtorta et al.32 
 
Structural measures of social relationships (social isolation). Structural measures of social 
relationships, a measure of the quantity of relationships, assess the number and frequency of 
social contacts, and involvement in social networks.32 While there are many questionnaires 
designed to measure structural aspects of social relationships in different populations, the ARIC 
study assessed social isolation using the Lubben Social Network Scale (LSNS), a well 
validated33,34 and psychometrically valid questionnaire with high internal reliability. Using 10 
questions with a 0-5 rating scale, the LSNS assesses the self-reported availability of social 
contacts with friends, family, and peers, along with network size. Typically, total scores ranging 
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from 0-50 are categorized into levels of risk for social isolation: low risk (≥31), moderate risk 
(26-30), high risk (21-25), and socially isolated (≤20).35 
 
Structural aspects of social relationships in JHS was measured by three items adapted from the 
Berkman Social Network Index (BSNI).36 The BSNI is previously validated, and this version 
consists of three questions from it: 1) How many close friends do you have?, 2) How many close 
relatives to you have?, 3) How many of these friends or relatives do you see at least once a 
month?. Possible responses are ranges of numbers consisting of the following: none, 1 to 2, 3 to 
5, 9 to 9, and 10 or more. Other papers in JHS have assigned a score of 0 to 4 to each item, 
computing a total ranging from 0 to 12 for all three questions, and then used the lowest tertile to 
represent unfavorable levels of structural aspects of social relationships.37 Both the LSNS and 
BSNI primarily measure involvement in relationships, and while they do include some functional 
aspects of social relationships, are primarily measures of relationship structures.32 
 
Functional aspects of social relationships (social support). Social support, a measure of the 
quality of relationships, assess the purpose of relationships and the perceived support from these 
relationships.1 The functional measure of social relationships at mid-life used in the ARIC study 
and in the JHS is the 16-item Interpersonal Support Evaluation List (ISEL), which assesses total 
perceived social support using questions from 4 subscales (tangible, appraisal, belonging, and 
self-esteem) of the 40-item ISEL. Each question on the 16-item ISEL corresponds to a specific 
subtype of social support; scores for each subtype will be derived from the corresponding 
questions. The ISEL is highly correlated with other measures of perceived support.38 Six-week 
test-retest correlation for this measure is 0.70, and the range of internal consistency is 0.88 to 
0.90.39 
 
Outcomes: 
Clinically recognized measures of HF morbidity and mortality. Cardiovascular events were 
ascertained by contacting participants annually, examining hospitalizations and death records 
from the previous year, and by using discharge lists from local hospitals and death certificates 
from state vital statistics offices. These outcomes were ascertained continuously since the 
inception of the cohort. Patients with first HF hospitalization include adjudicated definite and 
probable cases by the ARIC study physician panel which began in 2005, and prior to 2005 will 
include ICD-9 codes 428 (428.0-428.9) in any position, as has been done in previous ARIC 
studies.40 The positive predictive value of the ICD-9 code 428 in any position compared to the 
gold standard of physician adjudication in ARIC is 0.77, with a sensitivity of 0.95 and specificity 
of 0.23.41 For comparison, the positive predictive value for ICD-9 code 428 in the primary 
position only is 0.97, with a sensitivity of 0.36 and specificity of 0.97.41 Clinically recognized 
measures of HF morbidity and mortality are described in Table 1, and will each be assessed 
separately. These definitions will be used both in aims that include the full ARIC cohort, and in 
those that include only ARIC/JHS co-participants. 
 
Table 1. Clinically recognized measures of HF morbidity and mortality, their definitions, 
and measurement. 
HF progression 
outcome 

Definition Measurement/identificati
on 

Estimand 
of interest 
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Any cause 
hospitalization: 
time to first 
hospitalization 

Date of first 
hospitalization 
from any cause 

ICD-9/ICD-10 codes Time to 
event 
(hazard 
ratio) 

Any cause 
hospitalization: 
number of 
hospitalizations 
within first year 

Number of 
hospitalizations 
within a year of 
the incident 
cardiovascular 
event 

ICD-9/ICD-10 codes Counts 

Proportion of 
first year spent 
in 
cardiovascular-
related hospital 
stays 

1. Length of 
hospital stay 
due to stroke 
and heart failure 
2. Length of 
hospital stay 
due to coronary 
heart disease 

1. ICD-9 code: 428, ICD-
10 code: 150, in any 
position 
2. Validated events by 
ARIC reviewer 
classification 

Beta 

1-year risk of 
any 
cardiovascular 
event or all-
cause mortality 

1. Death from 
stroke or heart 
failure 
2. Death from 
coronary heart 
disease 
3. Death due to 
any cause, not 
restricted to 
cardiovascular 
deaths 
4. Hospitalized 
fatal or non-
fatal stroke, 
myocardial 
infarction, heart 
failure 
5. Hospitalized 
fatal or non-
fatal coronary 
heart disease 
6. Hospitalized 
fatal or non-
fatal other 
cardiovascular 
events 

1. State vital statistics 
office and death certificates 
2. Validated death by ARIC 
reviewer classification 
3. State vital statistics 
office and death certificates 
4. ICD-9 code: 428, ICD-
10 code: 150, in any 
position 
5. Validated events by 
ARIC reviewer 
classification 
6. Other relevant ICD-
9/ICD-10 codes 

Probability 
(risk ratio) 

Long-term survival See above See above Time to event 
(hazard ratio) 
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Repeated Measures of Self-Rated Health. Annual phone interviews in both the ARIC and JHS 
cohorts have measured self-rated health since the first study visit. For participants who have 
remained in the study, there are up to 30 annual measurements of self-rated health. The self-rated 
health question in ARIC asks participants to rate their own health compared to others who are the 
same age: “Over the past year, compared to other people your age, would you say that your 
health has been excellent, good, fair or poor?” We will interpret this measure as year-specific 
perceived health status, rather than a proxy for clinical measures of disease due to its placement 
before other health related questions on the annual follow-up form.42 We will analyze the 
progression of SRH in the four years prior to and following first HF hospitalization. 
 
We will assign the following values to SRH categories based on the recommendations by Diehr 
et al.43 and that have been previously used in longitudinal analyses of SRH in the ARIC cohort31: 
excellent = 95, good = 80, fair = 30, poor = 15, death = 0. These values represent the probability 
of being health 2 years from the initial SRH measurement, conditional on the initial value of 
SRH.44 
 
Covariates of Interest.  
 

1. Visit 1 (1987-1989) 
a. Sex 
b. Education 
c. Race 
d. Physical activity 

2. Visit 2 (1990-1992) 
a. Age 
b. Occupational status 
c. Family income 
d. Marital status 
e. Living arrangement 
f. Hypertension 
g. High cholesterol 
h. Diabetes 
i. BMI 
j. Dietary intake 
k. Multivitamin use 
l. Frequency of physical examinations 
m. Alcohol use 
n. Smoking status 
o. Vital exhaustion 
p. Depression/anxiety medications 

3. Visit 3 
a. Change in occupation/retirement 

4. Annual follow-up form 
a. Marital status 
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Variables to be considered as confounders include biologic sex, education, self-reported race, 
age, occupational status, changes in occupational status, family income, changes in marital 
status, living arrangement, hypertension, high cholesterol, diabetes, and BMI. Both health 
behaviors (dietary intake, physical activity, multivitamin use, frequency of physical 
examinations [healthcare utilization], alcohol use, and smoking status) and mental health 
markers (vital exhaustion and depression/anxiety related medications) will be considered 
mediators of the exposure-outcome relationship. If changes in occupation between Visit 1 and 3 
occur before the initial HF hospitalization, these will be accounted for, along with changes in 
marital status that occur before the initial HF hospitalization. Time-varying variables measured 
again at JHS Visit 1 may also be used in analyses involving measures of social support from 
JHS. 
 
Statistical Evaluation. Social isolation (LSNS) will be analyzed as a categorical variable, with 
established scores corresponding to different levels of risk for social isolation.35 Established cut-
points for social support measures derived from the ISEL do not exist, therefore we will first 
categorize these scores by tertile (low, medium, and high social support). Perceived social 
support will be assessed using the conglomerate measure, and by each specific type of social 
support in exploratory analyses.45  
 
Change in social relationships will be assessed as a continuous numeric change, which can be 
categorized into tertiles, and as a change between categories of change from one time point to the 
next. These categories may include labels such as “high to high”, “high to medium”, “high to 
low”, “low to high”, and so on, depending on how many categories are defined. We will evaluate 
different methods of comparing the LSNS and the BSNI. Questions from the BSNI and LSNS 
will be matched as closely as possible, and will be scored according to the following table, for a 
total score ranging from 0-9: 
 

LSNS Questions BSNI Questions 
Question Response (Scoring) Question Response (Scoring) 
1.How many relatives do 
you feel close to? That is, 
how many of them do you 
feel at ease with, can talk to 
about private matters, or 
can call on for help? 

Zero (0) 
One (1) 
Two (1) 
Three or Four (2) 
Five to Eight (3) 
Nine or more (3) 

1.How many relatives do 
you have that you feel close 
to? 

None (0) 
1 or 2 (1) 
3 to 5 (2) 
6 to 9 (3) 
10 or more (3) 

2.Do you have any close 
friends? That is, do you 
have any friends with 
whom you feel at ease, can 
talk to about private 
matters, or can call on for 
help? If so, how many? 

Zero (0) 
One (1) 
Two (1) 
Three or Four (2) 
Five to Eight (3) 
Nine or more (3) 

2.How many close friends 
do  you have (people you 
feel at ease with, can talk to 
about private matters, and 
can call on for help)? 

None (0) 
1 or 2 (1) 
3 to 5 (2) 
6 to 9 (3) 
10 or more (3) 

 
3a.How many relatives do 
you see or hear from at 
least once a month? 

Zero (0) 
One (1) 
Two (2) 
Three or Four (3.5) 
Five to Eight (6.5) 

3.How many of these 
friends or relatives do you 
see at least once per month? 

None (0) 
1 or 2 (1) 
3 to 5 (2) 
6 to 9 (3) 
10 or more (3) 
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Nine or more (9) 
3b.How many of these 
friends do you see or hear 
from at least once a month? 

Zero (0) 
One (1) 
Two (2) 
Three or Four (3.5) 
Five to Eight (6.5) 
Nine or more (9) 

  

3.Scores from these two questions will be 
summed together, and the grouped according to 
the following categories for a final summary score 
of how many relatives and friends are seen each 
month: 
0 = 0 
1-2 = 1 
3-4 = 2 
> 5 = 3 

 

 
If distributions show a large proportion of participants reporting 9+ or 10+ friends/family, this 
will instead be scored on a scale of 0-4, with a total possible score ranging from 0-12. Based on 
distributions of these scores, we will create categories that represent low, moderate, and high 
social isolation. Change in social isolation will be assessed by changing from one category to 
another. Continuous changes in scores of structural aspects of social relationships will not be 
assessed as it may imply a higher level of precision than we actually have. 
 
We will also conduct a sensitivity analysis using dichotomous scoring of each question (0 = 1-2 
friends/family, 1 = >2 friends/family), summing for a total potential score of 0-3 points. These 4 
potential scores will be assessed as a categorical variable, and 10-year changes will be assessed 
as changes between these 4 categories. 
 
We will start with directed acyclic graphs (DAGs) to assess confounders, and will use these in 
combination with model selection techniques including for example 10% change in estimate to 
determine an adjustment set that maximizes parsimony. Descriptive statistics of social 
relationships, demographic, and clinical measures will be examined in both the full ARIC cohort 
and the smaller ARIC/JHS shared cohort. Additionally, for those that experience an incident HF 
hospitalization, we will examine descriptive statistics of measures of CV health progression, 
demographic, and clinical characteristics stratified by levels of social relationships in the full 
ARIC cohort. These will be repeated in the ARIC/JHS shared cohort, but stratified by categories 
of change in social relationships instead. 
 
The associations of social relationships measured at mid-life (ARIC measurement only) with 
clinical and subjective measures of HF progression following initial HF hospitalization will be 
investigated both in the full ARIC cohort, and in the ARIC/JHS shared cohort. Analyses 
involving 10-year changes in social relationships will only be conducted among the ARIC/JHS 
shared cohort. 
 
Associations of social relationships at mid-life and their 10-year changes with clinical measures 
of HF morbidity and mortality will be assessed using appropriate models such as Cox 
proportional hazard models, Poisson models, and linear and log binomial regressions.  



J:\ARIC\Operations\Committees\Publications 
 

 
Associations of social relationship measures at mid-life and their 10-year changes with SRH in 
the 4 years before and after incident HF hospitalization will be assessed using linear mixed 
effects models that account for repeated measures of SRH among participants who experienced 
an incident HF hospitalization. Varying times between social relationship measurements and 
incident HF hospitalization will be adjusted for in the analysis. 
 
We are not expecting loss to follow-up after incident HF hospitalization to be a large issue, 
although this will be investigated. However, loss to follow-up and death that occurs over time 
may cause selection bias into the analysis sample. Participants whose annual telephone calls 
were answered by a proxy will have missing data on SRH, which will be imputed using prior 
measurements of SRH along with other relevant health information collected on the annual 
follow-up call. This will be investigated and accounted for in the analysis using methods such as 
multiple imputation by chained equations (MICE). The additional variables used in imputation 
models will not be used as adjustment variables in main models.  
 
We will explore whether the association between social support and HF progression is modified 
by social isolation, as social support is generally determined by structural aspects of social 
relationships. This will elucidate whether it is important to have high levels of social interactions 
for health outcomes, even if the person perceives high levels of available social support. Effect 
measure modification by gender, race, and marital status may be explored, but will likely be 
underpowered and will serve only as exploratory analyses. 
 
Sensitivity analyses categorizing social support measures and changes in social relationships by 
other quantiles (quartiles, quintiles, deciles, etc.) will be conducted. Additionally, to explore the 
impact of defining incident HF hospitalization as a combination of adjudicated cases of HF 
starting in 2005 and ICD-9 identified cases before adjudication started in 2005, we will conduct 
three sensitivity analyses: one that will define HF hospitalization only using ICD-9 code 428 in 
any position, another that define HF hospitalization as and ICD-9 code of 428 in the primary 
position only, and another restricting analyses only to adjudicated HF hospitalizations that 
occurred after 2005. As patients tend to be prescribed medications after an initial HF 
hospitalization and HF progression may not worsen until years (5-10) later, all analyses will be 
repeated using second HF hospitalization as time 0 rather than the initial HF hospitalization, as a 
sensitivity analysis. A further sensitivity analysis will restrict the analysis sample only to 
participants who developed HF within 5 years of the social relationship measures, to investigate 
the impact of time between exposure measurement and initial HF hospitalization. 
 
Limitations. The ARIC study and JHS used different measures of structural social relationships, 
which will make the assessment of changes in structural social relationships more difficult. The 
varying times between social relationship measurement and initial HF hospitalization are a 
limitation but will be addressed in analyses and sensitivity analyses. Another limitation is the 
racial distribution of participants by study site, as mostly Black participants are located at the 
Jackson, MS site. This makes study center and race highly correlated, and requires the use of the 
covariate race-center. Additionally, this means that the assessment of changes in social 
relationship can only be conducted among Black participants at the Jackson, MS site, as no white 
participants were a part of the ARIC/JHS shared cohort. Social relationships were only measured 
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twice among the ARIC/JHS shared cohort, which will reduce power in these analyses, and also 
limit the generalizability of portions of this analysis. Outpatient HF events were not ascertained, 
and therefore we are only limited to investigating the disease once it is severe enough to warrant 
hospitalization, and not the initial diagnosis of HF. Additionally, the definition of HF 
hospitalization is limited in that outcomes were only adjudicated starting in 2005, resulting in a 
definition of HF that combines adjudicated HF and code-identified HF. However, the impacts of 
this definition will be investigated using three sensitivity analyses. We are also limited by 
excluding any HF hospitalizations that occurred between the two social relationship 
measurements for analyses of changes in social relationships. If the number of exclusions due to 
HF between the two social relationship measurements is large, we will characterize this group of 
people and consider accounting for this exclusion in analyses. 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? ____ Yes    __X__ No 
 
 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 

used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only”  
and/or “Not for Profit” ? ____ Yes    ____ No 
(The file ICTDER has been distributed to ARIC PIs, and contains  
the responses to consent updates related to stored sample use for research.) 

 
8.a. Will the DNA data be used in this manuscript? ____ Yes    __X__ No 
 
8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the current derived consent file ICTDER05 must be used to 
exclude those with value RES_DNA = “No use/storage DNA”? ____ Yes    ____ No 

 
9. The lead author of this manuscript proposal has reviewed the list of existing ARIC 

Study manuscript proposals and has found no overlap between this proposal and 
previously approved manuscript proposals either published or still in active status.  
ARIC Investigators have access to the publications lists under the Study Members Area of 
the web site at:  http://www.cscc.unc.edu/aricproposals/dtSearch.html  

 
______ Yes     _______ No 

 
10. What are the most related manuscript proposals in ARIC (authors are encouraged to 
contact lead authors of these proposals for comments on the new proposal or 
collaboration)? 
 
Published papers: 
Garg et al (2020): Associations of anger, vital exhaustion, anti-depressant use, and poor social 
ties with incident atrial fibrillation: The Atherosclerosis Risk in Communities Study 
Kats et al (2016): Social support and cognition in a community-based cohort: the 
Atherosclerosis Risk in Communities (ARIC) Study 
Wattanakit (2005): Association of anger proneness, depression, and low social support with 
peripheral arterial disease: the Atherosclerosis Risk in Communities Study 

http://www.cscc.unc.edu/aricproposals/dtSearch.html


J:\ARIC\Operations\Committees\Publications 
 

Cene (2012): Social isolation, vital exhaustion, and incident heart failure: findings from the 
Atherosclerosis Risk in Communities Study 
 
Manuscript proposals: 
Liu: Social isolation, social support, and the risk of incident dementia and MCI: the 
Atherosclerosis Risk in Communities (ARIC) Study 
Liu: Social Isolation, social support, and cognitive decline: the Atherosclerosis Risk in 
Communities Study 
Nagayoshi: Social isolation, social support, and risk of incident stroke: the Atherosclerosis Risk 
in Communities Study 
Mosely: Dimensions of social support and risk of CHD events, carotid arterial wall thickness, 
and mortality 
Mosely: The moderating effects of social support on the association between negative emotions 
and CHD events, carotid arterial wall thickness, and mortality 
Kornegay: The effect of social support on the relationship between hostility and seated blood 
pressure 
McGovern: The relationship of social support to incident myocardial infarction and ischemic 
stroke 
Hagan: Individual and neighborhood SES and its association with measures of social support 
Foraker: Neighborhood and Individual Socioeconomic Status and Heart Failure 
Rehospitalization: ARIC Cohort 
Thai: Predictors of discharge to outpatient rehabilitation and physical therapy services among 
hospitalized heart failure patients: The Atherosclerosis Risk in Communities Study 
Caughey: Hospital readmissions for patients hospitalized with acute decompensated heart failure 
and preserved vs. reduced ejection fraction 
Sueta-Dupree: Outcomes and healthcare utilization of heart failure stages in the ARIC cohort 
Kucharska-Newton: Patterns of healthcare utilization following an initial diagnosis of heart 
failure. The Atherosclerosis Risk in Communities (ARIC) Study 
Kucharska-Newton: Patterns of healthcare utilization preceding an initial heart failure 
hospitalization. The Atherosclerosis Risk in Communities (ARIC) Study 
Foraker: Socioeconomic status (SES) and case-fatality among participants with incident heart 
failure 
 
 
 
 
11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 
ancillary study data? ____ Yes    __X__ No 
 
11.b. If yes, is the proposal  

___  A. primarily the result of an ancillary study (list number* _________) 
___  B. primarily based on ARIC data with ancillary data playing a minor role 
(usually control variables; list number(s)* __________  __________ __________) 

 
*ancillary studies are listed by number https://sites.cscc.unc.edu/aric/approved-ancillary-studies 
 

https://sites.cscc.unc.edu/aric/approved-ancillary-studies


J:\ARIC\Operations\Committees\Publications 
 

12a. Manuscript preparation is expected to be completed in one to three years.  If a 
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 
approval, the manuscript proposal will expire. 
 
12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 
has access to the published results of NIH funded research.  It is your responsibility to upload 
manuscripts to PubMed Central whenever the journal does not and be in compliance with this 
policy.  Four files about the public access policy from http://publicaccess.nih.gov/ are posted in 
http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms. 
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals 
automatically upload articles to PubMed central. 
 
 
 
  
 
1. Berkman LF, Krishna A. Social Network Epidemiology. In: Social Epidemiology. Oxford University Press; 

2014. 
2. Uchino BN. Social support and health: a review of physiological processes potentially underlying links to 

disease outcomes. J Behav Med. 2006;29(4):377-387. 
3. Cene CW, Loehr L, Lin FC, et al. Social isolation, vital exhaustion, and incident heart failure: findings 

from the Atherosclerosis Risk in Communities Study. Eur J Heart Fail. 2012;14(7):748-753. 
4. Calvillo-King L, Arnold D, Eubank KJ, et al. Impact of social factors on risk of readmission or mortality in 

pneumonia and heart failure: systematic review. J Gen Intern Med. 2013;28(2):269-282. 
5. Heidari Gorji MA, Fatahian A, Farsavian A. The impact of perceived and objective social isolation on 

hospital readmission in patients with heart failure: A systematic review and meta-analysis of observational 
studies. Gen Hosp Psychiatry. 2019;60:27-36. 

6. Luttik ML, Jaarsma T, Moser D, Sanderman R, van Veldhuisen DJ. The importance and impact of social 
support on outcomes in patients with heart failure: an overview of the literature. The Journal of 
Cardiovascular Nursing. 2005;20(3):162-169. 

7. Pelle AJ, Gidron YY, Szabo BM, Denollet J. Psychological predictors of prognosis in chronic heart failure. 
J Card Fail. 2008;14(4):341-350. 

8. Friedmann E, Thomas SA, Liu F, et al. Relationship of depression, anxiety, and social isolation to chronic 
heart failure outpatient mortality. Am Heart J. 2006;152(5):940 e941-948. 

9. Graven LJ, Grant JS. Social support and self-care behaviors in individuals with heart failure: an integrative 
review. Int J Nurs Stud. 2014;51(2):320-333. 

10. Irani E, Moore SE, Hickman RL, Dolansky MA, Josephson RA, Hughes JW. The Contribution of Living 
Arrangements, Social Support, and Self-efficacy to Self-management Behaviors Among Individuals With 
Heart Failure: A Path Analysis. J Cardiovasc Nurs. 2019;34(4):319-326. 

11. Lofvenmark C, Mattiasson AC, Billing E, Edner M. Perceived loneliness and social support in patients with 
chronic heart failure. Eur J Cardiovasc Nurs. 2009;8(4):251-258. 

12. Ertel KA, Glymour MM, Berkman LF. Social networks and health: A life course perspective integrating 
observational and experimental evidence. Journal of Social and Personal Relationships. 2009;26(1):73-92. 

13. Heisler M, Halasyamani L, Cowen ME, et al. Randomized controlled effectiveness trial of reciprocal peer 
support in heart failure. Circ Heart Fail. 2013;6(2):246-253. 

14. Reigel B, Carlson B. Is individual peer support a promising intervention for persons with heart failure? 
Journal of Cardiovascular Nursing. 2004;19(3):174-183. 

15. Konstam V, Salem D, Pouleur H, et al. Baseline Quality of Life as a Predictor of Mortality and 
Hospitalization in 5,025 Patients With Congestive Heart Failure. The American Journal of Cardiology. 
1996;78(8):890-895. 

16. Murberg TA. Long-Term Effect of Social Relationships on Mortality in Patients with Congestive Heart 
Failure. The International Journal of Psychiatry in Medicine. 2004;34(3):207-217. 

http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm


J:\ARIC\Operations\Committees\Publications 
 

17. Murberg TA, Bru E. Social relationships and mortality in patients with congestive heart failure. Journal of 
Psychosomatic Research. 2001;51(3):521-527. 

18. Rodriguez-Artalejo F, Guallar-Castillon P, Herrera MC, et al. Social network as a predictor of hospital 
readmission and mortality among older patients with heart failure. J Card Fail. 2006;12(8):621-627. 

19. Saito H, Kagiyama N, Nagano N, et al. Social isolation is associated with 90-day rehospitalization due to 
heart failure. Eur J Cardiovasc Nurs. 2019;18(1):16-20. 

20. Tsuchihashi-Makaya M, Kato N, Chishaki A, Takeshita A, Tsutsui H. Anxiety and Poor Social Support are 
Independently Associated with Adverse Outcomes in Patients with Mild Heart Failure. Circulation 
Journal. 2009;73(2):280-287. 

21. Chung ML, Lennie TA, Dekker RL, Wu JR, Moser DK. Depressive symptoms and poor social support 
have a synergistic effect on event-free survival in patients with heart failure. Heart Lung. 2011;40(6):492-
501. 

22. Manemann SM, Chamberlain AM, Roger VL, et al. Perceived Social Isolation and Outcomes in Patients 
With Heart Failure. J Am Heart Assoc. 2018;7(11). 

23. Wu JR, Frazier SK, Rayens MK, Lennie TA, Chung ML, Moser DK. Medication adherence, social support, 
and event-free survival in patients with heart failure. Health Psychol. 2013;32(6):637-646. 

24. Volz A, Schmid JP, Zwahlen M, Kohls S, Saner H, Barth J. Predictors of readmission and health related 
quality of life in patients with chronic heart failure: a comparison of different psychosocial aspects. J Behav 
Med. 2011;34(1):13-22. 

25. Luttik ML, Jaarsma T, Veeger N, Tijssen J, Sanderman R, van Veldhuisen DJ. Caregiver burden in partners 
of Heart Failure patients; limited influence of disease severity. Eur J Heart Fail. 2007;9(6-7):695-701. 

26. Krumholz HM, Butler J, Miller J, et al. Prognostic Importance of Emotional Support for Elderly Patients 
Hospitalized with Heart Failure. Circulation. 1998;97(10):958-964. 

27. Kaiser P, Allen N, Delaney JAC, et al. The association of prediagnosis social support with survival after 
heart failure in the Cardiovascular Health Study. Ann Epidemiol. 2020;42:73-77. 

28. Leigh-Hunt N, Bagguley D, Bash K, et al. An overview of systematic reviews on the public health 
consequences of social isolation and loneliness. Public Health. 2017;152:157-171. 

29. Pinquart M, Sorenson S. Influences on Loneliness in Older Adults: A Meta-Analysis. Basic and Applied 
Social Psychology. 2001;23(4):245-266. 

30. Idler EL, Benyamini Y. Self-Rated Health and Mortality: A Review of Twenty-Seven Community Studies. 
Journal of Health and Social Behavior. 1997;38(1):21-37. 

31. Foraker RE, Rose KM, Chang PP, et al. Socioeconomic status and the trajectory of self-rated health. Age 
Ageing. 2011;40(6):706-711. 

32. Valtorta NK, Kanaan M, Gilbody S, Hanratty B. Loneliness, social isolation and social relationships: what 
are we measuring? A novel framework for classifying and comparing tools. BMJ Open. 
2016;6(4):e010799. 

33. Lubben JE, Blozik E, Gerhard G, et al. Performance of an abbreviated version of the Lubben Social 
Network Scale among three European community-dwelling older adult populations. The Gerontologist. 
2006;46(4):503-513. 

34. Chi I, Boey KW. Hong Kong Validation of Measuring Instruments of Mental Health Status of the Elderly. 
Clinical Gerontologist. 1993;13(4):35-51. 

35. Rubinstein RL, Lubben JE, Mintzer JE. Social Isolation and Social Support: An Applied Perspective. 
Journal of Applied Gerontology. 1994;13(1):58-72. 

36. Berkman LF, Syme SL. Social Networks, Host Resistance, and Mortality: A Nine-Year Follow-Up Study 
of Alameda County Residents. American Journal of Epidemiology. 1978;109(2):186-204. 

37. Hall RK, Davenport CA, Sims M, et al. Association of functional and structural social support with chronic 
kidney disease among African Americans: the Jackson Heart Study. BMC Nephrol. 2019;20(1):262. 

38. Sarason BR, Shearin EN, Pierce GR, Sarason IG. Interrelations of Social Support Measures: Theoretical 
and Practical Implications. Journal of Personality and Social Psychology. 1987;52(4):813-832. 

39. Heitzmann CA, Kaplan RM. Assessment of methods for measuring social support. Health Psychology. 
1988;7(1):75-109. 

40. Shah AM, Claggett B, Loehr LR, et al. Heart Failure Stages Among Older Adults in the Community: The 
Atherosclerosis Risk in Communities Study. Circulation. 2017;135(3):224-240. 

41. Rosamond WD, Chang PP, Baggett C, et al. Classification of heart failure in the atherosclerosis risk in 
communities (ARIC) study: a comparison of diagnostic criteria. Circ Heart Fail. 2012;5(2):152-159. 



J:\ARIC\Operations\Committees\Publications 
 

42. Garbarski D. Research in and Prospects for the Measurement of Health Using Self-Rated Health. Public 
Opin Q. 2016;80(4):977-997. 

43. Diehr P. Trajectories of health for older adults over time: Accounting fully for death. Annals of Internal 
Medicine. 2003;139(5):416-420. 

44. Diehr P, Patrick D, Hedrick S, et al. Including Deaths when Measuring Health Status over Time. Medical 
Care. 1995;33(4):AS164-AS172. 

45. Payne TJ, Andrew M, Butler KR, Wyatt SB, Dubbert PM, Mosley TH. Psychometric Evaluation of the 
Interpersonal Support Evaluation List–Short Form in the ARIC Study Cohort. SAGE Open. 2012;2(3). 

 


	SC Reviewed: _________  Status: _____   Priority: ____
	First author:   Kennedy M. Peter

