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Abstract

Background: Anxiety and insomnia are associated with car-
diovascular (CV) symptoms. We assessed whether the rela-
tion between anxiety and CV symptoms is modulated by in-
somnia. Methods: Independently living women (n = 1,440;
mean age = 59.36 £ 6.53 years) were recruited by cluster
sampling technique. We obtained data on demographic
characteristics, health beliefs, access to health care, CV symp-
toms, sleep, stress and anxiety levels. Results: Overall, 56%
of the sample reported insomnia; 46% reported CV symp-
toms, and 54% were highly anxious. There was a greater like-
lihood for highly anxious women and those experiencing
insomnia to report CV symptoms (r; = 0.31* and r; = 0.32%,
respectively). In logistic regression analysis, the adjusted
odds ratios for reporting CV symptoms were 1.39 for patients
with insomnia and 2.79 for those with anxiety. With control
for insomnia, we observed a 3-fold reduction in the magni-
tude of the association between anxiety and CV symptoms
(rp=0.09*%). Stepwise adjustments for sociodemographic fac-
tors, CV risk markers, and factors anchoring health beliefs
and access to health care showed lesser impact on the rela-
tionships. With simultaneous control for those covariates,

the correlation was rp, = 0.13%; * p <0.01. Conclusion: The as-
sociation of CV symptoms with anxiety is partly accounted

for by insomnia. Copyright © 2009 S. Karger AG, Basel

Introduction

Anxiety and insomnia are both associated with car-
diovascular (CV) disease. Evidence suggests that inten-
sity of anxiety is directly associated with clinical mani-
festations of coronary heart disease and with sudden car-
diac death [1-3]. Although the exact mechanism is
unknown, a number of deleterious health behaviors (sed-
entary lifestyle, smoking, and poor diet) may contribute
to the experience of negative emotions, such as anxiety
[3]. Anxiety is associated with abnormal plasma norepi-
nephrine and reactive oxygen species [4], which may con-
tribute to atherosclerosis [5, 6]. In two prospective cohort
studies involving men, high levels of anxiety were associ-
ated with risk of coronary heart disease death [7, 8].
Among women without CV disease or cancer, high levels
of anxiety were associated with risk of fatal coronary
events [9]. However, in these studies, statistical analysis
indicated that anxiety did not account for the entirety of
risk. Therefore, other factors need to be identified to ful-
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Table 1. Demographic characteristics of participating women based on ethnicity

Variable AA E@ H D EE EA F Post-hoc comparisons
(n=303) (n=304) (n=309) (n=165) (n =156) (n=157)
Mean age, years 589*6.2 584x70 604x65 583*x6.1 60.9%6.1 59.6 £6.5 6.1* H,EE>AA,EC,and D
Mean income, USD 30.0+26.5 349+20.3 225+155 253%14.5 30.1%£227 463%346 26.5** EA>all]EC>H,D;EE>H
Mean education, years ~ 13.5%£12.1 13.3%+8.3 7.4%8.1 72%x82 162%*13.0 143%13.1 194.4* EE>all, EA,AA,andEC>HandD

Values for mean income indicate thousands. Analysis of variance was used to assess ethnic differences in demographic factors.
AA = US-born African-American; EC = English-speaking Caribbean; H = Haitian; D = Dominican; EE = Eastern European; EA = US-born

European American. * p < 0.05, ** p < 0.01.

ly understand the basis of coronary risk in anxious pa-
tients [9].

Evidence from several prospective studies suggests
that insomnia may account for some of the risk not ac-
counted for by anxiety in the association of anxiety with
CV symptoms [10-13]. In addition, pathophysiological
processes potentially important in generating CV events
have been associated with insomnia [14]. The interrela-
tion of anxiety, insomnia and CV symptoms has not been
rigorously assessed. Therefore, in a prospective cohort
study, we tested the hypothesis that the relation of anxiety
and CV symptoms is significantly modulated by the pres-
ence or absence of insomnia.

Methods

Participants

The study population comprised 1,440 women residing in
Brooklyn, N.Y. Self-ascribed ethnic identity was as follows: Eng-
lish-Speaking Caribbeans (22%), Haitians (22%), US-born Black-
African Americans (22%), Dominicans (12%), US-born Whites-
European Americans (11%) and Eastern Europeans (11%). Demo-
graphic characteristics of the sample are reported in table 1.
Thirty-six women who did not fall into any of the designated eth-
nic groupings were excluded.

Procedures

Participants were recruited using a stratified, cluster sampling
technique. Initially, data on census blocks were gathered from the
Household Income and Race Summary Tape file 3A of the Census
files. Blocks were then stratified by ethnic group (Whites, Blacks
and Hispanics) and by income (low, medium, and high). Random
selection without replacement was used to choose samples of
block groups from each stratum, and only women who were 50
years old or older were recruited.

During face-to-face interviews lasting approximately 1 1/2 h,
prespecified data were collected by trained interviewers of the
same ethnicity as the participants. Interviews were conducted ei-
ther in the respondent’s home or at another location of the respon-
dent’s choice. Participants received USD 25 upon completion of
the interview. In a standard order, several scales/questionnaires
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were administered to elicit subjective and demographic data.
Physical health was measured with the Comprehensive Assess-
ment and Referral Evaluation (CARE) [15, 16]. Measures for the
present analysis included demographic, health, risk markers, and
sleep complaints.

The CARE is regularly used to assess physical health, particu-
larly among individuals in minority communities. Psychometric
studies have shown that it has good construct validity [15, 16] as
well as concurrent and predictive validity [15]; subscales consid-
ered in our analyses were somatic, sleep disorder, leg problem,
heart disease, respiratory disease, arthritis, vision problem, and
hypertension (Cronbach’s o = 0.86; 0.85; 0.86; 0.83; 0.72; 0.91;
0.85, and 0.92, respectively). Items from the subscales were not
aggregated, as the analysis focused only on the presence or ab-
sence of symptoms of medical conditions. Thus, rates of medical
problems may not of necessity reflect physician-diagnosed ill-
nesses.

The sleep disorder subscale includes five questions: Do you
depend on medicine to sleep? Do you have difficulty falling
asleep? Do you wake up often during the night? Do you wake up
early and wake up feeling tired? Do you sleep during the day? The
present analysis considers the three most commonly reported in-
somnia symptoms, namely difficulty initiating sleep, difficulty
maintaining sleep, and early morning awakening. Thus, the in-
somnia symptom variable represents an aggregate of these three
complaints. Women were categorized into two groups, those who
experienced any of the symptoms vs. those who did not. No for-
mal insomnia diagnosis could be formulated, as data on frequen-
cy, duration, or severity were not elicited. The variables daytime
sleep (nap) and use of sleep medicine were used only in compara-
tive analyses. They were not considered in the final statistical
model, as they tend to show relatively poor association with in-
somnia.

The CV subscale includes several questions assessing the
presence of CV symptoms. CV questions were as follows: Have
you ever had palpitations due to a medical condition? Do you ex-
perience breathlessness lying flat, which is relieved when stand-
ing? Have you ever had heart trouble? Do you have heart problem
that was diagnosed by a doctor? Have you experienced heart
problems in the last month? Do you experience chest pain on ex-
ertion or made worse by exertion? Have you experienced chest
pain that is relieved by rest or nitroglycerine? Have you experi-
enced uncomfortable feeling of chest pain behind lower 1/2 of the
sternum? Have you experienced severe chest pain after age 40?
Have you experienced chest pain in last year but not last month?
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Table 2. Comparison of risk markers of participants based on ethnicity

Variable AA E@ H D EE EA F/x? Post-hoc comparisons

BMI 309*6.6 29.7%x45 288%*50 285*50 292*63 275%57 10.8** AA>H,D,EE,and EA; EC > EA

Stress (0-29) 8.6*6.2 109*64 85*69 11.7x54 109+6.0 88%51 123** AA<EC,D,andEE; EC > EA;
H>D and EE; D > EA; EE > EA

Smoking, % 27 5 2 10 12 117** AA > ALL; D> ECand H;
EA>EC, H, and EE; EE > H

Drinking, % 36 15 4 39 46 166** EA > ALL; AAand D > EC, H,

and EE; EC > H

Ethnic differences in risk markers for insomnia complaints and anxiety were assessed with ANOVA/Fisher’s exact tests.

** p < 0.01.

Table 3. Comparison of health characteristics of participants based on ethnicity

Variable AA BC H D EB EA X2 Comparison

Respiratory disease, % 55 16 15 61 47 59 243%* AA, D and EA > EC and H; EE > EC and H;
EA and D > EE

Hypertension, % 55 61 56 54 51 34 34%* EA <all

Heart disease, % 48 20 54 58 75 36 162%* EE > all; AA, Hand D > EC and EA; EA > EC

Arthritis, % 73 51 77 80 79 67 73%* EC < ALL; EA <D and EE

Ethnic differences in health characteristics were assessed using Fisher’s exact tests. ** p < 0.01.

Have you experienced chest pain in last month? Have you expe-
rienced chest pain that is not relieved by rest? Have you ever had
a stroke or sudden paralysis or loss of speech? Do you have pa-
ralysis or weakness in one arm or leg? In preliminary analyses,
responses to CV questions were associated with the insomnia
variable (p < 0.05).

The stress index scale used by the National Survey of Black
Americans was administered to our participants [15, 17]. Respon-
dents rated on a 4-point scale the degree to which a set of items
provoked stress in the past 2 months. These stress-induced life
events were health, money, job, problems with family or marriage,
problems with people outside the family, children, crime, police,
love life, and racial conflict. Scores ranged from 0 to 29; higher
scores indicated greater stress levels (o = 0.81). We used the State-
Trait Anxiety Inventory to assess anxiety level (a = 0.75) [17]. It
assesses how respondents felt at a particular time in the recent
past and how they anticipated they would feel either in a specific
situation that is likely to be encountered in the future or in a va-
riety of hypothetical situations. Scores in that scale ranged from
0 to 24; higher scores reflect greater state anxiety.

Statistical Analysis

For sample description, frequency and measures of central
tendency were used. Variables were examined for normality and
tested for collinearity. Skewed distributions were transformed us-
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ing appropriate statistical techniques. Analysis of variance was
used to assess possible ethnic differences in continuous variables.
Fisher’s exact test was employed to assess ethnic differences in
demographic factors, risk markers, and physical health character-
istics. As baseline measures were influenced by women’s ethnic-
ity, the ethnic variable was treated as a covariate in the final re-
gression model.

We used logistic regression analysis to examine which factors
were predictive of the dependent variable, CV symptoms. The de-
pendent variable was a binary measure, classifying women into
two groups, those reporting CV symptoms vs. those reporting no
CV symptoms. In the present analyses, the initial predictors were
the insomnia and anxiety factors. Three other sets of factors were
entered in the model in a stepwise manner. They included: so-
ciodemographics (i.e. ethnicity, age, education, and income), risk
markers (i.e. BMI, smoking, drinking, and stress), and medical
factors (i.e. respiratory disease, arthritis, and hypertension).

Results

Risk markers and health characteristics of participat-
ing women are provided in tables 2 and 3. Overall, 56%
of the sample reported insomnia (defined as difficulty
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Fig. 1. Illustration of differences in the rate of insomnia ((J) and
anxiety () comparing women reporting having experienced CV
symptoms (yes) vs. those who did not (no). Comparisons were
significant using Fisher’s exact test at o = 0.01.

initiating sleep, difficulty maintaining sleep, or early
morning awakening). CV symptoms were reported in
46%; 54% were classified as highly anxious. As expected,
there was a greater likelihood for highly anxious women
and those experiencing insomnia to report CV symp-
toms (r; = 0.31, p < 0.01 and rg = 0.32, p < 0.01, respec-
tively). Of the women reporting CV symptoms, 63% were
highly anxious (x> = 44.86, p < 0.01) and 73% experi-
enced insomnia (x? = 139.06, p <0.01; fig. 1). Of interest
is the observation that all of the CV symptoms were as-
sociated with insomnia (p < 0.05). Notably, 5% of indi-
viduals reporting insomnia symptoms were likely to in-
dicate having had a stroke or sudden paralysis or loss of
speech, compared with 2% of those who did not report
insomnia (x? = 8.46, p < 0.01).

Results of logistic regression analysis revealed adjust-
ed odds ratios of 1.39 (insomnia) and 2.79 (anxiety) for
reporting CV symptoms. With statistical control for in-
somnia, we observed a 3-fold reduction in the magnitude
of the associations between anxiety and CV symptoms
(r, =0.09, p<0.05). Stepwise adjustments for sociodemo-
graphic factors (i.e. age, ethnicity, education, and in-
come), risk makers (i.e. BMI, stress, smoking, and alco-
hol), and medical factors showed lesser impact on the re-
lationships (rp = 0.14, p < 0.05; rp, = 0.16, p < 0.05; 1, =
0.19, p < 0.05, respectively). With simultaneous control
for those covariates, the correlation was r, =013, p<
0.05.

Anxiety and Cardiovascular Symptoms

Discussion

The present study showed that the association of CV
symptoms with anxiety is in part accounted for by in-
somnia. Adjustment for potential confounding effects of
sociodemographic factors and CV risk markers had little
impact on the observed relationships. Converging data
indicate that anxiety and insomnia often coexist 18, 19].
Since these factors cluster together in variable fashion, it
is difficult to discern the potential mechanism by which
they exert their pathophysiological effects. Autonomic
dysfunction, reduced heart rate variability [20], and re-
duced baroreflex cardiac control observed among pa-
tients with anxiety disorders [21] have been suggested as
the pathophysiological link between anxiety and CV
symptoms. Since anxiety could not account for all of the
risks noted in previous research, other factors might play
a contributory role [9].

Our finding of 3-fold reduction in the association be-
tween anxiety and CV symptoms after controlling for in-
somnia suggests that insomnia plays a vital role in the
development of CV symptoms among women with anxi-
ety. Despite growing evidence supporting adverse effects
of insomnia on CV health, the pathogenesis of this rela-
tion is not completely understood. Since insomnia is a
sympathetic disorder, it might place susceptible individu-
als atincreased cardiac risk. One possible explanation re-
lates to the impairment in the normal restoration process
occurring during slow-wave sleep [13] which few patients
with insomnia experience. This is consistent with a previ-
ous report suggesting that insomnia could be a marker
for chronic stress, which is accompanied by autonomic
dysfunction and increased myocardial infarction [22].
Sleep disturbance in and of itself can constitute a form of
stress [14], which is directly related to the degree of objec-
tive sleep disturbance [23] and has been shown to predict
coronary events, possibly mediated through increased
sympathetic nervous system activity [1]. A study has also
shown that individuals with chronic insomnia suffer
from increased arousal and sympathetic activation [24].
This could be the result of nonrestorative sleep function,
immune dysfunction and carbohydrate intolerance sec-
ondary to sleep loss [25-27].

Investigators have observed that sympathetic arousal
and early-morning insomnia were associated with cardiac
disease in a sample of 4,041 patients [10]. Among older
adults, insomnia severity was directly related to use of CV
drugs, general fatigue, exhaustion, angina pectoris, car-
diac insufficiency, worsened objective and subjective
health, presence of negative T-waves on ECG and lower
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survival rates [11]. In another study, investigators observed
that a combination of three sleep complaints (difficulty
initiating sleep, difficulty maintaining sleep, and awaken-
ing tired and fatigued) predicted risk of CV disease [12].
In agreement with a prior study [28], we observed an in-
creased risk of stroke in women reporting insomnia.

The high percentage of women reporting anxiety in
association with insomnia in the present study is consis-
tent with published data [21, 29]. Disturbed sleep is a di-
agnostic criterion in generalized anxiety disorder. In a
study involving 176 undergraduate students, social anxi-
ety was associated with insomnia symptoms [30]. Anoth-
er study sampling 424 noninstitutionalized elderly pa-
tients showed that anxiety disorders were associated with
primaryinsomnia [31]. In 3large-scale community-based
studies, including one involving 34,000 men, significant
relationships between anxiety disorders and cardiac
death were observed [2, 7, 8]. However, these studies did
not include women. A particular strength of the present
study relates to the fact that that we focused on women, a
group often characterized by higher prevalence of anxi-
ety disorder [18] and sleep problems than men [25, 26, 32].
This is important since high levels of anxiety among
women have been associated with risk of fatal coronary
heart disease [9]. Another strength of this study is the fact
that the majority of our study population are Caribbean,
Haitian and African-American women. These unique
ethnic groups are of special interest since Blacks are in
general understudied and underserved, despite being at
greater risk for CV events.

This study has several limitations. First, our findings
may not be generalized to men and younger females as
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