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Abstract

Background: Elderly individuals who provide care to a
spouse suffering from dementia bear an increased risk of
coronary heart disease (CHD). Objective: To test the hypoth-
esis that the Framingham CHD Risk Score would be higherin
dementia caregivers relative to non-caregiving controls.
Methods: We investigated 64 caregivers providing in-home
care for their spouse with Alzheimer’s disease and 41 gen-
der-matched non-caregiving controls. All subjects (mean
age 70 * 8 years, 75% women, 93% Caucasian) had a nega-
tive history of CHD and cerebrovascular disease. The original
Framingham CHD Risk Score was computed adding up cat-
egorical scores for age, blood lipids, blood pressure, diabe-
tes, and smoking with adjustment made for sex. Results: The
average CHD risk score was higher in caregivers than in con-
trols even when co-varying for socioeconomic status, health
habits, medication, and psychological distress (8.0 £ 2.9 vs.
6.3 * 3.0 points, p = 0.013). The difference showed a medi-
um effect size (Cohen’s d = 0.57). A relatively higher blood
pressure in caregivers than in controls made the greatest

contribution to this difference. The probability (area under
the receiver operator curve) that a randomly selected care-
giver had a greater CHD risk score than a randomly selected
non-caregiver was 65.5%. Conclusions: Based on the Fram-
ingham CHD Risk Score, the potential to develop overt CHD
in the following 10 years was predicted to be greater in de-
mentia caregivers than in non-caregiving controls. The mag-
nitude of the difference in the CHD risk between caregivers
and controls appears to be clinically relevant. Clinicians may
want to monitor caregiving status as a routine part of stan-
dard evaluation of their elderly patients’ cardiovascular
risk. Copyright © 2008 S. Karger AG, Basel

Introduction

The risk of overall mortality and incident coronary
heart disease (CHD) has been shown to be increased in
community-dwelling elderly experiencing strain in pro-
viding care to their disabled spouse [1, 2]. Compared with
other settings of family caregiving, providing care to a
demented spouse is particularly demanding [3]. Demen-
tia caregiving has been reported to take a toll on caregiv-
ers’ mental and physical health [4], with changes in car-
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diovascular health being particularly noteworthy. Thus,
spousal Alzheimer caregivers are reported to show accel-
erated development of systemic hypertension [5] and
greater prevalence of CHD [6] compared to non-caregiv-
ers. In addition, psychological distress associated with
the burden of caregiving was noted to reduce the time to
cardiovascular disease manifestations in dementia care-
givers [7].

A variety of behavioral and pathophysiological mech-
anisms may lead from the perceived chronic stress of
caregiving directly or via neuroendocrine and sympa-
tho-adrenal-medullary changes downstream to a high
cardiovascular risk profile and eventually CHD [8, 9]. For
instance, caregiving strain has been associated with ele-
vated blood pressure [10], dyslipidemia [11], hyperglyce-
mia and hyperinsulinemia [12], as well as low physical
activity [13]. Additional atherosclerotic risk factors relat-
ed to coagulability and inflammation have also been
shown to cluster in dementia caregivers [14].

Because different cardiovascular risk factors tend to
aggregate in the same individual, epidemiologists have
proposed estimating a person’s cardiovascular risk based
on a scoring system that combines several risk factors
[15]. For instance, the Framingham CHD Risk Score is a
simple algorithm to predict CHD over a 10-year interval
in a predominantly Caucasian population of men and
women without known CHD at baseline [16]. The Fram-
ingham score considers categorical variables for age,
blood lipids, blood pressure, diabetes, and smoking. The
cardiovascular risk of caregivers has not previously been
estimated by any operationalized algorithm. The avail-
ability of such a systematic evaluation of CHD risk might
help identify dementia caregivers at risk of premature
manifestation of angina pectoris, myocardial infarction,
and CHD death [16].

The risk that a caregiver will die within 1 year of hos-
pitalizing a spouse for dementia is increased in both fe-
male and male partners [17]. Also, the cardiovascular bi-
ology of caregivers is affected by care placement or be-
reavement after the death of the demented spouse [10, 18].
To preclude dilution of the CHD risk score by physical
effects of transitions in the caregivers’ and patients’ home
situation, we assessed the risk score in caregivers still pro-
viding in-home care to their demented spouse. As a pri-
mary analysis, we determined the Framingham CHD
Risk Score in a sample of Alzheimer caregivers and non-
caregiving controls. Although the Framingham score
makes no adjustment for variables which may clearly af-
fect risk factor scores and CHD outcome [16], we per-
formed a secondary analysis controlling for socioeco-
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nomic status, health behavior, psychological distress and
medication. We hypothesized that, even when control-
ling for these variables, dementia caregivers would show
a significantly higher CHD risk score than controls.

Study Participants and Methods

A total of 106 individuals with a complete data set and all free
from clinical CHD and cerebrovascular disease as determined by
a structured medical history were part of this study. Sixty-five
participants were caregivers of a spouse with physician-diag-
nosed Alzheimer’s disease and 41 were non-caregiving controls.
All participants volunteered for a research study examining the
effects of chronic stress on physical and mental health. They gave
written informed consent to the study protocol, which was ap-
proved by the University of California at San Diego (UCSD) In-
stitutional Review Board. Caregivers were recruited primarily
from the University of California at San Diego Alzheimer’s Dis-
ease Research Center, community support groups, and local se-
nior centers and medical clinics. Non-caregiving controls with
similar demographic characteristics were recruited primarily
from local senior citizen health fairs and later through snowball
referrals from both caregivers and non-caregivers already en-
rolled in the study.

Both caregivers and non-caregivers were required to be 55
years of age or older, currently married and living at home with
their spouses, and in generally good mental and physical health.
In addition, caregivers were required to be providing primary
care for a spouse with a physician-based diagnosis of Alzheimer’s
disease. Exclusion criteria for all participants included receiving
current treatment with anticoagulants and having severe hyper-
tension (i.e. blood pressure >200/120 mm Hg).

Measures

Coronary Heart Disease Risk Score

We calculated the original Framingham CHD Risk Score for
both caregivers and non-caregivers according to the formula pre-
sented by Wilson et al. [16]. This formula assigns risk scores for
each of six CHD risk categories, namely age, total cholesterol,
high-density lipoprotein (HDL) cholesterol, blood pressure, dia-
betes status (yes vs. no), and current smoking status (yes vs. no).
Total cholesterol and HDL cholesterol were assessed in serum by
the Beckman-Coulter LX20 PRO. After 5 min of sitting, blood
pressure was assessed in duplicate with an interval of 15 min us-
ing a Critikon Dinamap 8100 noninvasive blood pressure moni-
tor. When systolic and diastolic blood pressure fell into different
categories, the higher category defined classification for the blood
pressure risk category. Participants were considered diabetic
when casual glucose levels exceeded 150 mg/dl. Plasma glucose
was determined by the Beckman-Coulter LX20 PRO. Given dif-
ferential rates of CHD for males and females, risk scores were ad-
justed by participant sex. Once scores from each of these risk cat-
egories were calculated, an overall CHD risk score was created by
summing scores from each of the six risk categories. Higher total
scores therefore indicate greater CHD risk or, more precisely, a
relatively higher predictive value for the development of clinical
CHD in the 10 years subsequent to the time of baseline assessment
of the score [16].
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Demographic Characteristics

In addition to age (in years) and sex, we employed the partic-
ipant’s years of formal education as a proxy for socioeconomic
status. For this purpose, we used Hollinghead’s [19] education
categories that range from 1 (graduate level training) to 7 (less
than 7th grade education); thus, higher scores correspond to less
education. The year when Alzheimer dementia was diagnosed in
the spouse was obtained from the caregiver and verified by the
research nurse by, e.g., reviewing medical records.

Health Behavior and Medication

A research nurse conducted a structured medical history ask-
ing about present health habits and medications. Participants rat-
ed their current level of the following health behaviors: (a) wheth-
er or not they currently smoke cigarettes; (b) the average number
of reported hours of sleep per 24 h; (c) the number of days/week
playing sports, and (d) number of days/week consuming alcohol-
icbeverages. Participants were also categorized as to whether they
were currently taking antihypertensives or statins.

Psychological Distress

Participants completed a global self-report measure of stress
asking to which extent they felt overwhelmed or overloaded by life
responsibilities [20]. The four items capture feelings of exhaustion
(i.e. ‘you are exhausted when you go to bed at night’), time con-
straints (i.e. ‘you have more things to do than you can handle’;
‘you don’t have time just for yourself’), and frustration (i.e. ‘you
work hard but never seem to make any progress’). Responses are
rated on a 4-point Likert scale ranging from 1 = ‘not atall’ to 4 =
‘completely’. Items are summed to create an overall stress score
(range 4-16).

Depressive symptoms were assessed using the 17-item Hamil-
ton Rating Scale for Depression [21]. A research nurse provided
ratings on a 0- to 4- or 0- to 2-point scale on each of the 17 items,
with higher scores indicating greater depressive symptoms. The
Hamilton Rating Scale for Depression is a brief yet comprehensive
measure of depressive symptoms, with well-documented reliabil-
ity and validity [21, 22].

Statistical Analyses

Data were analyzed using the SPSS (13.0) statistical software
package (Chicago, Ill., USA) and testing was two-tailed with the
significance level set at p < 0.05. All variables were examined for
deviations from normality by the Kolmogorov-Smirnov test. Be-
fore analyses, we obtained a normal distribution of education lev-
el, glucose level, health behavior variables, psychological vari-
ables, years since the diagnosis of Alzheimer’s disease, and indi-
vidual risk scores of the six CHD risk categories by normal score
transformation according to Blom [23]. For clarity, we provide
non-transformed means = SD throughout. Use of antihyperten-
sive drugs and statins was coded with a dummy variable (no med-
ication = 0, confirmed use of medication = 1).

We used independent-samples t tests and x? tests to investi-
gate group differences in continuous and categorical measures,
respectively. Pearson’s correlation analysis was used to estimate
the univariate relationship between two variables. Univariate
analysis of covariance was applied to test for a difference in the
CHD risk score between caregivers and controls adjusted for
different blocks of covariates. In order to estimate the effect size
of this difference, we calculated Cohen’s d [24] and the area un-

Coronary Heart Disease Risk in
Caregivers

der the receiver operator curve (AUC) [25]. In this case the AUC
represents the probability that a randomly selected caregiver has
a greater CHD risk score than a randomly selected non-care-
giver.

Results

Subject Characteristics

The 106 participants were on average 70.2 * 8.4 years
old, predominantly women (75%), and of Caucasian eth-
nicity (93%). Table 1 gives the comparison of characteris-
tics between the 65 dementia caregivers and the 41 non-
caregiving controls. Caregivers were older and had high-
er systolic blood pressure than their non-caregiving
counterparts. Socioeconomic status, health habits and
medication use did not differ between groups. As expect-
ed, depressive symptom levels and role overload scores
were higher in caregivers than in controls, although the
majority of the participants did not meet clinical criteria
for major depression.

Coronary Heart Disease Risk Score

Bivariate Associations

Caregivers had a significantly higher Framingham
CHD Risk Score than non-caregiving controls (7.95 *
2.94vs.6.34 = 2.66, p = 0.005). Cohen’s d for this differ-
ence was 0.57, suggesting a medium effect size. The prob-
ability that a randomly selected caregiver had a greater
CHD risk score than a randomly selected non-caregiver
(AUC) was 65.5%. Time since the diagnosis of Alzheimer
dementia averaged 4.0 = 3.1 (range 0.5-12) years. Al-
though pointing in the expected direction, the positive
correlation between the number of years since the diag-
nosis of dementia in the spouse and the CHD risk score
of caregivers did not reach statistical significance (r =
0.18; p = 0.15).

Among all participants, a higher Framingham CHD
Risk Score was associated with a lower education level
(r=0.22, p =0.024) and fewer days per week that the sub-
jects drank alcoholic beverages (r = -0.33, p = 0.001). The
bivariate relationships between the risk score and hours
of sleep (p = 0.50), sports days (p = 0.75), depressive symp-
toms (p = 0.26), and role overload (p = 0.32) were not sig-
nificant. Also, the CHD risk score was similar in subjects
who took antihypertensive medication (p = 0.18) or statins
(p = 0.13) compared to those who were not on these med-
ications. Systolic (p = 0.12) and diastolic (p = 0.51) blood
pressure were not significantly different between users
and non-users of antihypertensive medication. Statin us-
ers had significantly lower HDL cholesterol (46.1 + 11.3
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Table 1. Subjects’ characteristics

Variable Caregivers (n = 65)  Controls (n = 41) p value
Male/female, % 28/72 22/78 0.509
Caucasian/other, % 91/9 98/2 0.244
Education level, score 25%1.1 24%12 0.810
Age, years 72.7%8.6 67.5%£6.7 0.001
Total cholesterol, mg/dl 200.6 +35.7 194.4+£36.7 0.395
HDL cholesterol, mg/dl 55.4%16.5 53.9%13.0 0.654
Systolic blood pressure, mm Hg 132.3£16.0 119.9+£12.3 <0.001
Diastolic blood pressure, mm Hg 64.81+10.0 623104 0.230
Casual blood glucose, mg/dl 102.5+£30.4 98.5+21.8 0.753
Current smokers, % 3 7 0.373
Hours of sleep/24 h 69+1.2 7.0+1.1 0.831
Sports days/week 0.7%1.6 09%19 0.586
Alcohol days/week 2.7%3.0 32%27 0.146
Antihypertensive medication, % 40 27 0.166
Statin use, % 18 24 0.464
Depressive symptoms, score 44%40 23%2.1 0.003
Role overload, score 10.8+11.5 6.1%1.9 <0.001

Values are means £ SD. HDL = High-density lipoprotein.

Table 2. Coronary heart disease risk score between caregivers and controls

Covariates entered Caregivers (n = 65) Controls (n =41) p value
Block 1: education level 7.94+2.78 (7.26-8.63) 6.30+2.78 (5.50-7.22) 0.005
Block 2: hours of sleep/24 h, sports days/week, alcohol days/week 7.86+2.70 (7.20-8.53) 6.49+2.71 (5.65-7.33) 0.013
Block 3: antihypertensive medication, statin use 7.84+2.68 (7.18-8.50) 6.52+2.70 (5.69-7.36) 0.017
Block 4: depressive symptoms, role overload 7.97£2.90 (7.25-8.68) 6.32+3.03 (5.38-7.26) 0.013

Analyses of covariance; values are means = SD (95% confidence interval). Blocks 1-4 of covariates were subsequently entered into

the equation.

vs.57.0 = 15.4 mg/dl, p = 0.002) and also marginally low-
er total cholesterol (186.0 * 42.7 vs. 201.4 * 33.7 mg/dl,
p = 0.074) than participants not taking statins.

In order to test for hidden socioeconomic, medical,
and psychological factors potentially related to age, we
computed a series of additional bivariate correlation
analyses with age as the independent variable across the
entire sample of caregivers and controls. Age showed no
significant associations (all p >0.05) with education, car-
diovascular risk factors (i.e. lipids, blood pressure, glu-
cose, smoking), medication (i.e. use of antihypertensives
and statins), health behavior (i.e. hours of sleep, sports
days, days per week subjects drank alcoholic beverages),
depressive symptoms, and role overload (data not shown
in detail).

134 Gerontology 2008;54:131-137

Analysis of Covariance

Table 2 shows the results of the univariate analysis of
covariance for the difference in the CHD risk score be-
tween caregivers and controls considering four blocks of
covariates (i.e. socioeconomic status, health behavior,
medication use, and psychological distress). Caregivers
had a significantly higher CHD risk score than controls
independent of all covariates. In the last model, observed
power for caregiver status was 0.71 with a = 0.05, and
caregiver status explained a unique 6.3% of the variance
in the CHD risk score. Effect size for the difference in the
CHD risk score between caregivers and controls was also
not affected after controlling for covariates (Cohen’s d =
0.57). Similarly, the likelihood that caregivers had higher
CHD risk scores than non-caregivers (AUC) was 65.5%.
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Table 3. Scores of individual risk factors between caregivers and controls

Scores Caregivers (n = 65) Controls (n = 41) p value
Age 7.54+0.66 (5-8) 7.46+1.03 (4-8) 0.911
Total cholesterol 0.31%£1.18(-3t02) 0.15%£1.15 (-3 to 3) 0.313
HDL cholesterol -0.34%£2.19 (-3 to 5) -0.34+1.88 (-3t02) 0.712
Blood pressure 0.20£1.80 (-3 to 3) -1.12+1.75(-3t0 2) <0.001
Glucose 0.18+0.58 (0-2) 0.04+0.31 (0-2) 0.123
Smoking 0.06 £0.35 (0-2) 0.15£0.53 (0-2) 0.365

Values are means £ SD (range). HDL = High-density lipoprotein.

In addition to caregiver status, a lower education level
(p = 0.009) and fewer alcohol days per week (p = 0.008)
were also significant covariates of higher CHD risk score,
uniquely explaining 6.9 and 7.1% of the variance, respec-
tively, in the final model. In contrast, reported hours of
sleep per 24 h (p = 0.79), sports days per week (p = 0.66),
use of antihypertensives (p = 0.12) and of statins (p =
0.15), as well as depressive symptoms (p = 0.82), and role
overload (p = 0.29) were not significant covariates of the
CHD risk score in the final model.

Post hoc Analyses

In post hoc analyses, we aimed to identify which of the
individual categorical scores for age, blood pressure, lip-
ids, diabetes, and smoking would contribute most to the
difference in the total CHD risk score between caregivers
and controls. Table 3 demonstrates the comparison of the
individual risk factor scores between groups. Notably,
caregivers had a higher blood pressure score than con-
trols (p < 0.001), whereas all other risk factor scores were
not significantly different between groups. In particular,
although caregivers were on average significantly older
than non-caregivers (table 1), age was not an evident con-
tributor to the relatively higher CHD risk score in care-
givers (p > 0.90). Specifically, although caregivers were
significantly older than controls (table 1), the contribu-
tion of the age score to the overall CHD risk score was
similar for the two groups.

Discussion

We found that elderly community-dwelling spousal
caregivers of Alzheimer’s disease patients had a signifi-
cantly higher Framingham CHD Risk Score than non-
caregiving controls. These data suggest that dementia
caregivers may be at a higher risk of developing CHD

Coronary Heart Disease Risk in
Caregivers

(i.e.angina pectoris, myocardial infarction, or death from
CHD) over the next 10 years relative to controls. This
finding, along with the observation that the blood pres-
sure risk score was also higher in caregivers than in con-
trols, substantiates accumulating evidence for compro-
mised cardiovascular health in dementia caregivers [5-
7]. Notably, of the individual risk scores, the blood
pressure score alone was higher in caregivers, even though
40% of caregivers took antihypertensive medications,
compared with 27% of controls (p NS). This finding con-
curs with previous studies showing more rapid develop-
ment of hypertension over time in Alzheimer caregivers
compared to non-caregiving controls [5] and increased
blood pressure in diverse populations of chronically
stressed individuals [26].

The effect size of the difference in the CHD risk score
between caregivers and controls was medium, suggesting
it could be of clinical relevance. By estimating the AUC,
we report a 66% likelihood that caregivers will have a
higher CHD risk score than non-caregivers. Since the
Framingham score is easily calculated from information
routinely assessed in physician’s offices, we propose that
the Framingham score may be a useful adjunct for clini-
cians wishing to estimate the added CHD risk of their
elderly caregiving patients.

Our data suggest that clinicians may want to monitor
caregiving status as a routine part of standard patient
evaluation. In this way, the physician can work with the
caregiving patient to identify resources that lessen care-
giving burden, including sources of practical and emo-
tional support, and individualized strategies aimed at in-
creasing mastery, reducing stress, and thereby enhancing
well-being [27]. Moreover, obvious cardiovascular risk
factors should be treated in caregivers. Particularly, the
higher blood pressure observed in our caregivers relative
to the non-caregiving controls might easily be lowered by
antihypertensive medication as has been shown in the

Gerontology 2008;54:131-137 135

€20z AInF Gz uo Jesn uleg ¥ayjolqigsiensienun Aq jpd-619¢ L L 000/vL8YE8Z/LE LIE/¥S/Pd-Blome/1a6/wo0 ebies//:dny woy pepeojumoq



elderly in general [28]. Numerous prospective trials have
demonstrated that blood pressure control decreases car-
diovascular risk in the elderly [28]; future studies may
explore whether such interventions could be of particular
benefit in terms of reducing CHD risk in dementia care-
givers. The original Framingham score does not consider
control variables. Even when we controlled for socioeco-
nomic status, health habits, psychological stress, and
medication, the predictive value of caregiver status for
the CHD risk score was maintained. Although other
studies of caregivers [7] and other groups [29] have linked
depression to CHD risk, our measures of psychological
distress did not account for substantial amounts of the
CHD risk score. It is possible that because the overall lev-
el of depressive symptoms was subclinical in our sample
the restricted range in this variable limited statistical
power to find true effects.

The mechanisms linking caregiving to increased car-
diovascular risk are unknown, but have been thought to
involve at least the upregulation of the sympathetic-adre-
nal-medullary system and hypothalamic-pituitary-adre-
nal axis [9]. For instance, and as seen in other models of
chronic stress, sympathetic overactivity in dementia
caregivers might increase blood pressure in the long run
[5, 30]. Also, an increase in peripheral cortisol with
chronic stress could give rise to an increase in blood glu-
cose levels and the metabolic syndrome, respectively [6,
31].

There are two limitations to our study. First, some au-
thors feel that the clinical value of risk scoring for CHD,
including the Framingham scores, is questionable [32,
33], while others advocate that risk scores may well have
their value but should be refined [34]. Our study is a first
step in applying such risk score techniques specifically to
dementia caregivers and to test whether by this approach
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