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Abstract
Background: Biological and psychological factors contribute to cardiovascular disease (CVD). This study aimed to test the 
moderating effect of social loneliness in the relationship between worry and anger rumination, and CVD severity.
Methods: A total of 327 patients with CVD (138 women, 189 men) participated in this study. The Penn State Worry Questionnaire 
(PSWQ), Anger Rumination Scale (ARS), Social Loneliness Scale (SLS), and Gensini score as an indicator of CVD severity were 
used to collect data. Data were analyzed using Pearson correlation and stepwise regression.
Results: The results of this study showed a significant positive correlation between worry (54.44 ± 12.31, r = 0.59, P < 0.01), 
anger rumination (46.54 ± 12.47; r = 0.36; P < 0.01), and social loneliness (28.22 ± 9.13, r = 0.65, P < 0.01) with CVD severity 
(15.07 ± 5.13). In other words, higher levels of worry, anger rumination, and social loneliness are associated with exacerbation of 
CVD. Social loneliness was a moderator in the relationship between worry and CVD severity (ΔR2 = 0.007, F= 4.2870, P < 0.05), 
suggesting the importance of worry in CVD severity, especially in lonely people. The main effects of worry and social loneliness on 
CVD severity were β = 0.32, SE = 0.04, 95% CI = 0.2289, 0.4222, P < 0.001 and β = 0.46, SE = 0.04, 95% CI = 0.3649, 0.5572, 
P < 0.001, respectively. The moderating effect of social loneliness on the relationship between worry and CVD severity was β = 
0.07; SE = 0.03; 95% CI = 0.0074, 0.1522; P < 0.001. Social loneliness was not a moderator in the relationship between anger 
rumination and CVD severity (ΔR2 = 0.006, F = 3.10, P > 0.05).
Conclusion: Based on the findings of this research, it can be concluded that along with biological factors, attention to the role of 
psychological factors of worry, anger rumination, and loneliness in preventive and therapeutic interventions related to CVD is a 
special necessity.
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Introduction
Cardiovascular disease (CVD) is one of the three leading 
causes of mortality and disability in the world and is 
becoming the main cause of disability in most countries. 
It is estimated that mortality resulting from CVD will 
rise from 16.7 million in 2002 to 23.3 million in 2030.1 
Different biological and psychosocial factors play a role 
in the development of CVD and its progression. These 
psychological risk factors include anxiety and depression 
and their symptoms such as anger rumination and worry.2,3 
For example, a relationship has been identified between 
anger and increased risk of heart disease4 and it has been 
shown that anger and stress increase the risk of coronary 
heart disease and high blood pressure among healthy 
people and also lead to worse prognosis among heart 
patients.5 However, one of the uncertainties in studies is to 
identify the nature of stress and to investigate the specific 
effects of chronic stress on CV events. 

Rumination is a feature that makes people susceptible 

to relatively stable patterns of thinking and behavior in 
different situations and times.6 Rumination is often 
associated with negative thoughts that cause discomfort, 
depression, increasing aggression, and reducing 
psychological well-being.7 Anger rumination is repeated 
thoughts about the causes and outcomes of anger,8 and it is 
associated with maladaptive consequences such as increased 
anger, physiological arousal, and aggressive behavior.9 
Harmful worry and rumination have the same context, 
and both involve repetitive thoughts about negative 
subjects. Worry is thoughts about uncertainty about a 
possible future threat, while typically rumination involves 
repetitive thoughts about past negative events.10 Worry,11 
and anger rumination12 are associated with symptoms of 
anxiety and depression disorders. A number of studies have 
demonstrated that poor cardiac health has been associated 
with high levels of anxiety and depression.13,14 On the 
other hand, repetitive negative thinking (worry and anger 
rumination) is a major component of chronic stress which 
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raises the risk for many serious health problems.6,7,15-18 
For example, it has been shown that repetitive negative 
thinking induction is associated with a significant increase 
in cortisol stress response.16,17 Moreover, it has been 
observed that severe worry is associated with a significant 
decrease in heart rate variability.18 

Existing studies on the specific effects of worry and anger 
rumination on the CV system are limited, and most studies 
focus on the effects of anxiety and depression disorders on 
this system, while only rumination and worry, without the 
diagnosis of a mental disorder, may affect the CV system. 
On the other hand, evidence on the effects of repetitive 
thoughts on cardiovascular symptoms is contradictory. 
For example, some studies have indicated that rumination 
is associated with increased cortisol stress response,16,17 
and some findings suggest a lack of correlation.19 Also, 
results from studies of cardiovascular health effects caused 
by anxiety are controversial; some studies suggest an 
association between anxiety and increased risk of CVD,20 
and some suggest a lack of association between anxiety and 
mortality in cardiac patients.4 Therefore, part of the goals 
of this study is to investigate the role of worry and anger 
rumination in predicting CVD severity.

Social isolation is known as another chronic stressor 
associated with CVD. It seems that social isolation can 
moderate the relationship between worry and anger 
rumination and CVD severity. Social connections and 
interactions can be predictors of physical and mental 
health.21,22 The existing studies indicate that loneliness is 
associated with impaired biological processes, including 
high blood pressure and high blood lipids, and poor 
immune function.23 Loneliness is associated with an 
increase in systolic blood pressure,24 a decrease in CV 
contraction, heart rate, and cardiac output.24,25 Findings 
from many studies indicate a relationship between social 
isolation and the progression of CVD and death due to 
this disease or any other cause26; however, the findings 
of some studies show opposite results.27 Considering the 
role of psychosocial factors in CVD and lack of research 
on the relationship between worry, anger rumination and 
loneliness, and CVD severity and the contribution of each 
of these variables to CVD severity, as well as contradictory 
findings yielded in this regard, it is clear that further studies 
are essential in this field. Among CV patients, depression28 
and anxiety3 and their symptoms such as worry, anger 
rumination, and social loneliness are common and lead to 
exacerbation of the disease, and vice versa,29 necessitating 
further investigations. Accordingly, the present study 
aimed to assess the moderator role of social loneliness in 
the relationship between worry, anger rumination, and 
CVD severity. 

Material and Methods
Study Design and Participants 
Totally, 327 (138 women and 189 men, M = 52.39 years 

± SD = 6.23) CV patients who were hospitalized in Afshar 
Hospital in Yazd, Iran, enrolled in this cross-sectional 
study. The sampling method was purposive (non-random), 
involving all patients that fulfilled the inclusion criteria. 
The inclusion criteria were: suffering from CVD, age 20 
to 70, not suffering from serious medical illnesses other 
than CVD, and willingness to participate in the study. The 
exclusion criteria were: suffering from a major psychiatric 
disorder and having substance dependence. The sampling 
duration of the study was six months. All subjects provided 
written informed consent prior to their inclusion in the 
study. In total, we collected data from 378 patients, but 
eventually the data of 327 questionnaires were analyzed 
and the rest of the questionnaires were excluded because 
they were not completed. In order to handle missing data, 
we contacted the participants and asked them to provide 
the missing values, when possible. To handle the rest of 
the missing data, we used the mean of the non-missing 
observations.

For the purpose of quality assurance in this study, we 
explained to the participants how to answer the questions 
on the questionnaire. To obtain the most accurate 
information, the subjects were assured of the confidentiality 
of their information. Required explanations were provided 
to clarify questions of the questionnaire that were unclear 
for the participants. In order to increase the validity of the 
answers, the questionnaires were arranged randomly in 
each copy. The researcher randomly controlled the answers 
of some questionnaires with the participants. Incomplete 
questionnaires or questionnaires that were probably not 
completed correctly were followed up and the subjects 
were asked to complete them again carefully. Someone 
other than the researcher randomly reviewed some data 
entered into the SPSS. Statistical analysis of data was 
performed twice.

Assessments
Basic demographic data and the presence of traditional 
major cardiovascular risk factors were collected including 
age, sex, hypertension, dyslipidemia, diabetes mellitus, 
family history of premature CVD, body mass index (BMI), 
and current smoking status. Patients were considered 
to have type II diabetes mellitus if they were previously 
diagnosed and treated for diabetes and/or if they had a 
fasting blood glucose level of ≥126 mg/dL. Patients were 
considered to have hypertension if they had previously 
known hypertension, or if they were on antihypertensive 
therapy, or if they had a systolic blood pressure of ≥140 
mm Hg and diastolic blood pressure of ≥90 mm Hg. BMI 
greater than or equal to 25, triglyceride level of greater 
than 200 mg/dL (2.8 mmol/L), and LDL greater than 
or equal to 130 mg/dL (3.4 mmol/L) were considered as 
abnormal indicators.

CVD severity in each patient was scored using the 
modified Gensini method.30 In this scoring system, a 
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cumulative numeric score is determined by the degree of 
luminal narrowing and the anatomical location of each 
stenosis. The modified Gensini score has been described 
and validated previously.31 The most severe stenosis in 
each of the eight coronary segments was graded from 1 
to 4 (1 = 1% to 49% lumen diameter reduction; 2 = 50% 
to 74% stenosis; 3 = 75% to 99% stenosis; 4 = 100% 
occlusion) to give a total score ranging from 0 to 32. This 
score, therefore, gives a measure that combines both the 
severity and extent of coronary atherosclerosis.30

Anger Rumination Scale
The 19-item Anger Rumination Scale (ARS) assesses 
tendencies to engage in repeated thoughts about anger-
related experiences.8 For all items, respondents indicated 
their agreement on a 4-point Likert scale. Higher summed 
scores indicate greater anger rumination. ARS has four 
subscales: angry afterthoughts, thoughts of revenge, angry 
memories, and understanding of causes. The psychometric 
properties of the ARS have approved in several studies.8,32 

In a sample of 833, the scale showed good internal 
consistency (α= 0.95) and test-retest reliability (r = 0.77) 
for total score. Also, convergent and discriminant validity 
of the ARS was supported by significant correlations with 
measures of psychological symptoms and dysregulated 
behavior.32

Penn State Worry Questionnaire
Worry was measured with the Penn State Worry 
Questionnaire (PSWQ), a 16-item self-report measure in 
which worry is rated on a 5-point Likert scale. The PSWQ 
has good internal consistencies (alphas of 0.88 or higher) 
and test-retest reliability (r = 0.74–0.93).33,34 

Multidimensional Scale of Perceived Social Support
The 12-item Multidimensional Scale of Perceived Social 
Support (MSPSS) assesses perceived social support with 
three subscales, each addressing a different source of 
support; (a) Family, (b) Friends, and (c) Significant Other.35 

Each item ranges from 1–7. The MSPSS was found to 
have good internal reliability across subject groups.35

Statistical Analysis
Statistical analysis was conducted using SPSS (version 
23). Means were given together with standard errors, 
and frequencies were expressed as percentages. The 
association between CVD severity, which was assessed 
by the Gensini score, and other variables was analyzed 
by correlation analysis. Regression analysis was also 
used to control demographic and clinical variables. 
The Hayes’ Conditional Process Procedure,36 which is a 
macro for SPSS, was employed to determine moderator 
effects. Hayes provides different types of model templates 
that show the moderating effect of a variable M on the 
relationship between an independent variable X and 

a dependent variable Y. In this paper, “Model 1” of the 
PROCESS Macro was selected to examine whether the 
correlation between worry and anger rumination and 
CVD severity is moderated by social loneliness. These 
moderating effects are visualized in Figures 1 and 2. Using 
Hayes’ Process Macro in SPSS, the coefficients, standard 
errors and a 95% confidence interval (CI) were calculated. 
A moderator variable and its interaction with independent 
variables were entered into two models. Both models were 
estimated for 5000 bootstrapped samples.

Results
Table 1 provides a description of the demographic, medical 
factors, and variables of the study including worry, anger 
rumination, social support, and Gensini score for the 
participants.

Bivariate correlation coefficients between variables 
are shown in Table 2. The results showed a significant 
correlation between worry, anger rumination and social 
support with CVD severity (P <0.01).

Initially, using regression analysis, the effects of 
demographic and clinical variables were controlled and 
the residual variance of the CVD severity adjusted for 
age, sex, BMI, family history of the disease, diabetes, high 
cholesterol, high triglycerides, smoking, and pressure high 
blood pressure was used. The regression analysis showed 
a significant moderating effect of social loneliness on the 
correlation between worry and CVD severity, (ΔR2 = 0.007, 
F (1,323) = 4.2870, P < 0.05). Therefore, we investigated 
whether the main effects or moderating effects were 
present. There was a statistically significant main effect for 
worry on the dependent variable (β = 0.32, SE = 0.04, 
95% CI = [0.2289, 0.4222], P < 0.001), denoting that a 
positive value of worry is associated with an increase in 
CVD severity. Also, a main effect could be found for social 
loneliness on CVD severity (β = 0.46, SE = 0.04, 95% 
CI = [0.3649, 0.5572], P < 0.001). This implies that social 
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Figure 1. Moderating Effect of Social Loneliness on the Correlation between 
Worry and CVD Severity.

Figure 2. Moderating Effect of Social Loneliness on the Correlation between 
Anger Rumination and CVD Severity.
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loneliness influences CVD severity positively. Further, the 
results of the analysis indicate the moderating effects of 
this variable on the relationship between worry and CVD 
severity (β = 0.07, SE = 0.03, 95% CI = [0.0074, 0.1522], 
P < 0.001), such that the worry-CVD severity relationship 
is stronger for individuals with a high level of social 
loneliness compared to individuals with a low level of 
social loneliness. The detailed results are shown in Table 3.

Table 4 displays moderation analyses for the moderator 
role of social loneliness in the relationship between anger 
rumination and CVD severity. As can be seen in Table 
4, regression analysis did not show there a significant 
moderating effect for social loneliness, (ΔR2 = 0.006, F 
(1,323) = 3.10, P > 0.05). Therefore, social loneliness did 
not have a moderator role in the relationship between 
anger rumination and CVD severity (Table 4).

Discussion
The results of this study showed that there is a significant 
positive correlation between anger rumination and 
CVD severity. The results are consistent with earlier 
research.7,14,17,20 It was also shown that there is a significant 
positive correlation between worry and CVD severity. 
This finding is consistent with the results of the studies 
conducted in this area.3,5,6,18 Social loneliness had a 
moderator role in the relationship between worry and 
CVD severity.

Evidence suggests that repetitive thoughts are effective 
on the pathways of the CV system, the autonomic and 
endocrine system that are pathogenic pathways with long-
term consequences. In particular, repetitive thoughts 
increase heart rate, blood pressure, and cortisol activity, 
and decrease heart rate variability.5 Rumination and 
repetitive thoughts focus on problematic events and related 
emotions and the possible consequences of these events.6 
In explaining the mechanism of rumination effect on the 
CV system, some researchers suggest that rumination tends 
to create negative emotions (i.e. anger, sadness or anxiety) 
and these feelings increase the activity of the autonomic 
system (such as increased blood pressure).15 Hyperactivity 
of the sympathetic nervous system may prolong negative 
emotions, which in turn leads to an increase in rumination. 

Table 1. Descriptive Characteristics of Participants

Characteristic M SD Number Percent

Age 52.39 6.23  –  –

Sex  –  –  –  –

Male  –  – 189 58

Female  –  – 138 42

Smoking  –  – 72 22

Family history of CVD  –  – 98 30

BMI 28.09 7.63 –  –

Abnormal BMI  –  – 122 37

LDL (mg/dL) 157.05 9.11  –  –

High LDL  –  – 94 29

Triglycerides (mg/dL) 278.67 9.43  –  –

High triglycerides  –  – 100 31

Glucose (mg/dL) 132.49 8.16  –  –

Type 2 diabetes  –  – 93 28

Diastolic BP (mm Hg) 111.04 5.47  –  –

Systolic BP (mm Hg) 161.12 7.18  –  –

Hypertension  –  – 217 66

Worry 54.44    12.31  –  –

Anger rumination 46.54 12.47  –  –

Social support 28.22 9.13  –  –

Gensini score 15.07 5.13  –  –

M, mean; SD, standard deviation; CVD, cardiovascular disease; BMI, body 
mass index; LDL, low-density lipoprotein; BP, blood pressure.

Table 2. Correlation Coefficient between Variables

Variables Worry
Anger 

Rumination
Social 

Support
Gensini 
Score

Age -0.13* -0.08 0.08 0.11

Gender 0.06 0.19** 0.02 0.08

Smoking 0.12* 0.18** -0.41** 0.53**

Family history of CVD 0.09 0.16** 0.07 0.14*

BMI 0.03 0.04 0.06 0.22**

High LDL 0.10 0.06 0.07 0.20*

High triglycerides 0.11 0.09 -0.05 0.24**

Diabetes 0.13* 0.34** 0.04 0.21**

Hypertension 0.21** 0.19** -0.09 0.48**

Worry 1 0.37** 0.54** 0.59**

Anger rumination  – 1 0.42** 0.36**

Social Support  –  – 1 -0.65**

Gensini Score  –  –  – 1

BMI, body mass index; LDL, low-density lipoprotein.
*P < 0.05; **P < 0.01.

Table 3. Moderation Analysis for the Moderator Role of Social Loneliness in the Relationship between Worry and CVD Severity

Predictors R2 R2 Change
β SE t P LLCI ULCI

Worry (A) – – 0.325 0.049 6.62 0.00 0.2289 0.4222

Social loneliness (B) – – 0.461 0.048 9.43 0.00 0.3649 0.5572

Worry × Social loneliness (A × B interaction) 0.4972 0.0073 0.079 0.036 2.16 0.03 0.0074 0.1522

SE, standard error; LLCI, lower limit confidence interval; ULCI, upper limit confidence interval.

Table 4. Moderation Analyses for the Moderator role of Social Loneliness in the Relationship between Anger Rumination and CVD Severity

Predictors R2 R2 Change
β SE t P LLCI ULCI

Anger rumination × social loneliness 0.3746 0.0060 0.068 0.038 1.76 0.07 -0.0080 0.1449

SE, standard error; LLCI, lower limit confidence interval; ULCI, upper limit confidence interval.
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Repetitive thoughts and worry may lead to illness and 
exacerbate it by prolonging the stress-related physiological 
activity, enhancing short-term response to stress, delaying 
recovery or re-activating the response to a stressor.7 It is 
argued that repetitive thoughts mediate the relationship 
between stress and physical illness; when stressors persist 
in thought, physiological activation associated with stress 
is prolonged, resulting in vulnerability to stress-related 
illness. 

In addition, evidence suggests that there is a relationship 
between rumination and eating unhealthy food such 
as cakes, chips, and sweets.37 Also, rumination may 
be associated with insomnia,38 poor interpersonal 
relationships, poor perceived health, and perceived stress.39 
It should be noted that worry is a risk factor in adjustment 
with an injury or loss and CV patients may be more likely 
to experience worry after developing this chronic illness 
and losing their physical health, due to their uncertainty 
about their future physical condition.40 Worry and anger 
rumination are associated with anxiety and depression 
which affect the CV system. Anxiety can cause the 
activation of the hypothalamic-pituitary-adrenal axis and 
the sympathetic nervous system, which leads to increased 
release of catecholamine and endothelial cell damage, and 
ultimately atherosclerosis, coronary artery disease, and 
acute coronary events.28 Depression is also associated with 
inflammatory processes, malfunctioning of the autonomic 
nervous system and damaged arterial flow that increase the 
risk of myocardial ischemia.14 On the other hand, anxiety 
and depression are associated with an unhealthy lifestyle 
and poor adherence to health-related behaviors such as 
healthy diet, exercise, and smoking cessation.13,14

The results of this study showed that there is a significant 
positive correlation between social loneliness and CVD 
severity. It has also been shown that social loneliness has a 
moderating role in the relationship between worry and CVD 
severity, such that the worry-CVD severity relationship is 
stronger for individuals with high level of social loneliness 
than for individuals with low level of social loneliness. This 
finding is consistent with previous studies.23-27 Loneliness 
can have harmful effects on health through behavioral, 
psychological and physiological mechanisms.24 Studies 
recognize social support as a moderator between stress and 
later mental health.24 The benefit of a network of social 
support includes receiving emotional attention, increasing 
the level of individual information, obtaining guidance, 
getting feedback from others, and improving the quality 
of life.22-25 From a biological point of view, the sympathetic 
and hypothalamic-pituitary-adrenal nervous systems have 
a direct role in physical response to stress and the function 
of these systems depends on the social systems, especially 
the feeling of closeness and intimacy with others.27 On 
the other hand, loneliness is associated with risk factors of 
CVD such as poor sleep quality,23 depression symptoms,25 
and alcoholism.26 For example, symptoms of depression 

are associated with inflammation factors22 and CVD, 
and in fact, this is a two-way relationship.25 Loneliness is 
associated with high blood pressure23,25 and reduction of 
CV contraction, heart rate variability and cardiac output.25 
Also, isolated individuals report more risk factors of CVD 
including the immune system, obesity, and unhealthy 
habits such as smoking, physical inactivity, and lack of 
sleep.21-23
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