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Abstract
Introduction—Dementia caregivers have an increased risk of cardiovascular disease (CVD), and
it is possible that metabolic disturbances contribute to this risk. Regular physical exercise reduces
cardiometabolic risk, but caregivers may have less opportunity to engage in such activity. We
hypothesized that regular physical activity would moderate cardiometabolic risk in dementia
caregivers.

Methods—115 Alzheimer’s caregivers and 54 non-caregiving controls were assessed for medical
history and health habits. Physical activity was defined as the number of days per week
participants performed light (score 0–4), moderate (score 0–4), or vigorous (score 0–4) exercise
(total score 0–12). A cardiometabolic risk score was calculated by adding standardized z-scores of
five metabolic syndrome (MetS) components: body mass index, triglycerides, high-density
lipoprotein cholesterol, systolic blood pressure and glucose.

Results—Caregivers were less physically active than non-caregivers (5.1±3.0 vs. 6.3±2.7,
p=0.008). A significant caregiver status-by-physical activity interaction was found for the
standardized cardiometabolic risk score controlling for gender, age, education, smoking, alcohol
consumption, health problems, cholesterol-lowering medication, negative affect, role overload,
and fasting state (p=0.035). Among participants with low levels of physical activity, caregivers
had greater cardiometabolic risk score than non-caregivers (0.58±0.31 vs. −1.23±0.54, p=0.017);
no group difference emerged in participants with high levels of physical activity (p=0.81).

Conclusions—Cardiometabolic risk was particularly high in caregivers reporting reduced level
of regular physical activity. Intervention studies aimed at increasing physical activity in caregivers
seem warranted to examine whether that would possibly lower cardiometabolic risk to the level of
non-caregivers.
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INTRODUCTION
The chronic stress of providing care to a disabled or ill spouse (e.g. with Alzheimer’s
disease) has been associated with an increased risk of physical diseases, particularly
cardiovascular disease (CVD) (36). Compared to non-caregiving individuals, caregivers are
more likely to develop arterial hypertension (31) and incident CHD (22,35), and to also have
an elevated Framingham CHD risk score (38). Moreover, distress with dementia caregiving
was a significant predictor of time to CVD diagnosis (24).

The metabolic syndrome (MetS) is an insulin-resistant state that aggregates several
modifiable risk factors of CVD such as obesity, elevated lipids, glucose, and blood pressure
(BP) (11). Different definitions exist and the distinct clinical value is a matter of debate, as,
for example, the CVD risk associated with the syndrome appears to be no greater than the
sum of its parts (16). Nevertheless, the MetS is a strong predictor of CHD (10). Chronic
psychosocial stress like stressful life events (28), low socioeconomic status (23), and job
stress (5) increase the risk of developing MetS. The risk of having MetS also increases with
greater amount of psychosocial stress and psychological distress in the elderly (37).
Consistent with this research, one pathway through which chronic dementia caregiving
stress might contribute to atherosclerosis and the clinical manifestation of CHD is by a
relation with the MetS (35).

Low levels of regular physical activity (i.e. low energy expenditure beyond resting
expenditure) is a major contributing factor to the pandemic increase in the prevalence of
MetS in modernized western societies (16). Regular moderate-intensity physical activity of
30 minutes per day has become one recommended life-style intervention for the prevention
and clinical management of cardiometabolic risk factors and MetS in order to ultimately
reduce CVD morbidity and mortality (11,32). The burden of caregiving has been associated
with reduced level of physical activity because strained caregivers have little time to engage
in exercise (2,30). In addition to sedentary behavior, caregiver burden-related psychological
distress may lead to risky health habits such as excessive alcohol consumption and smoking
(36).

Although the literature is limited and restricted to samples of children and young adults,
research suggests that physical activity might moderate the relation between chronic
psychosocial stress and cardiometabolic risk (14). One study reported an interaction between
physical activity levels and personal/community stress predicting adiposity measures after
controlling for sociodemographic risk factors and parental smoking (41). In another study
daily life stress interacted with physical activity in predicting a metabolic risk score (which
was defined as waist circumference, BP, glycosylated hemoglobin, and high-density
lipoprotein (HDL) cholesterol) (13).

We tested the hypothesis that the level of regular physical activity would moderate the
relationship between caregiver status and cardiometabolic risk. Specifically, we predicted
that caregivers with high physical activity would endorse similar cardiometabolic risk as
non-caregivers, whereas caregivers with low physical activity would show greater
cardiometabolic risk than non-caregivers. This might indicate that high level of physical
activity “buffers” cardiometabolic risk in caregivers to a level seen in non-caregivers, in
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which case there would be important clinical implications in terms of tailored interventions
aimed at reducing CVD risk in caregivers.

METHODS
Study Participants

We used cross-sectional data obtained at study entry from participants in the University of
California San Diego (UCSD) “Alzheimer’s Caregiver Study”, which is a longitudinal study
on effects of dementia caregiving stress on health. Inclusion criteria were being ≥55 years
old, married, and dwelling in the community with a spouse. Exclusion criteria were presence
of any major illnesses (e.g., cancer), severe hypertension (BP>200/120mmHg), or treatment
with oral anticoagulants, non-selective beta blockers, or steroids. Caregivers had to provide
primary care for a spouse with a physician-based diagnosis of Alzheimer’s disease. Non-
caregivers were not excluded for life stress and recruited with regard to demographic
characteristics to yield a gender- and age-equated comparison group. Participants were
recruited through referrals from the UCSD Alzheimer’s Disease Research center,
community support groups and agencies serving caregivers, local senior citizen health fairs,
and referrals from other participants. All participants provided written consent to the study
protocol, which was approved by the UCSD Institutional Review Board. We screened a total
of 295 participants for eligibility to this project. Of these, 24 were not interested in
participating and 180 were eligible and willing to participate. The remaining 91 participants
did not meet eligibility criteria for our study. Reasons for ineligibility were: a) caregiver was
providing care to a non-spouse (e.g., parent; n=18); b) participant was too young (n=1); c)
spouse was no longer living (e.g., prior caregiver but spouse passed away; n=23); d)
participant did not reside with a spouse (e.g., Alzheimer’s disease patient was in long-term
care; divorced/non-married; n=27); e) participant had an exclusion medical condition (e.g.,
cancer requiring chemotherapy; n=11); f) participant did not speak English (n=2); g)
caregiver of non-Alzheimer’s disease patient (e.g., Parkinson’s disease; n=6); h) taking
medications that affect biomarkers (n=2); and i) participant did not reside in our catchment
area (n=1). Out of the total enrollment of 180 participants (121 caregivers, 59 non-
caregiving controls), we report on 115 caregivers and 54 non-caregivers with complete data
for the present investigation.

Measures
Participants were interviewed in their homes by a single interviewer with a Bachelor’s
Degree in Psychology. Interviews consisted of questionnaires assessing demographics,
mood states, stress/stressors, health status, and current medication. For all interviews, the
interviewer read an introduction to the questionnaire (e.g., “The next questions pertain to
your moods over the past week. We’d like you to tell us how often you experienced the
mood using the following scale”). Upon completing the introduction to the questionnaire,
the interviewer would present a response card with available responses to the question(s) at
hand. The interviewer would then read each question out loud for the participant and record
the participant’s response on the form. If participants were confused or uncertain about a
particular question, the interviewer would clarify using a standardized response. Most
typically this involved participants reporting two responses (e.g., “somewhere between 2
and 3”), to which the interviewer would respond, “Which answer seems most true during the
past ____ week(s)?”

Demographic factors—We collected information on gender, age, and years of education
for socioeconomic status.
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Smoking status—Smoking status was assessed by the question: “Have you previously
been a smoker and quit permanently?” and defined in terms of ever (i.e., former plus
current) smoker (n=73) versus never smoker (n=96). Only one participant was a current
smoker.

Alcohol consumption—The amount of alcohol consumption was assessed using the
following two questions: a) “During the past 30 days, on how many days did you have at
least one drink containing alcohol (not include a few sips of wine for religious purposes)?”
Scores were 0 (0 days), 1 (1 or 2 days), 2 (3–5 days), 3 (6–9 days), 4 (10–19 days), 5 (20–29
days), and 6 (all 30 days); b) “On the days you drank alcohol, how many drinks did you
usually drink? Scores were 0 (none), 1 (< 1 drink), 2 (1 drink), 3 (2 drinks), 4 (3 drinks), 5 (4
drinks), 6 (5 or more drinks). We multiplied the scores of questions a) and b) to obtain a
total score of alcohol consumption.

Physical activity—Participants were administered the Rapid Assessment of Physical
Activity (RAPA) scale which had been validated in older adults (mean age 73 years) (33).
There were high correlations between the RAPA scores and other ratings of physical
activities. For example, the RAPA was highly correlated the Community Healthy Activities
Model Program for Seniors (CHAMPS) moderate caloric expenditure (r = .54) and showed
good sensitivity (81%), positive predictive value (77%), and negative predictive value (75%)
in predicting moderate or strenuous physical activities as indicated by metabolic equivalent
values of 3.0 or higher (33). For the assessment of physical activity, participants were asked
the questions “In a typical week, how often do you do light/moderate/strenuous exercises?”
Typical examples given to participants were for light activities stretching or vacuum
cleaning (i.e., heart beats slightly faster than normal), for moderate activities fast walking or
strength training (i.e., heart beats faster than normal), and for strenuous activities jogging or
badminton (i.e., heart rate increases a lot). For each of the three exercise intensity categories,
participants rated the frequency as follows (score points): 0 days (0), 1 or 2 days (1), 3 or 4
days (2), 5 or 6 days (3), every day (4) yielding a total score for regular physical activity
ranging from 0 to 12.

Number of health problems—Participants were asked the question “Do you currently
have, or has a doctor told you that you have, any of the following health problems?” and
provided a list with 18 items (e.g., arthritis, heart disease, problems with your kidneys).
Positive items were added to one number of health problems.

Negative affect—We used the negative affect subscale of the Positive and Negative
Affect Scale comprising 10 items (e.g., nervous, irritable, hostile). Participants were asked
to rate the extent to which they experienced each mood over the “past few weeks” on a 5-
point scale (1=very slightly or not at all, 5= extremely) yielding a total score between 10 and
50 (40).

Role overload—We used Pearlin’s Role Overload scale to form an index of participants’
perception about feeling overwhelmed and exhausted by responsibilities (e.g., “You work
hard but never seem to make any progress”) (27). Responses are rated on a 4-point Likert
scale (0=not at all, 1=somewhat, 2=quite a bit, 3=completely) yield a total score between 0
and 12.

Duration of care—Participants were asked to provide the approximate date their spouse
was diagnosed with Alzheimer’s disease. We then calculated the duration of care from that
date to the interview date.
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Clinical dementia rating scale—The severity of the spouse’s dementia was assessed
with the Clinical Dementia Rating (CDR) scale, which provides a global rating of dementia
by integrating six behavioral and cognitive domains: memory, orientation, judgment and
problem-solving, community affairs, home and hobbies, and personal care (15). Each
domain is rated along five levels of impairment: 0=no dementia, 0.5=questionable dementia,
1=mild dementia, 2=moderate dementia, and 3=severe dementia. Our trained interviewer
asked participants to rate a series of memory and behavioral symptoms they observe in their
spouses and then calculated an overall CDR score based upon published formulae (26).

Definition of Cardiometabolic Risk Factors
Our definition of cardiometabolic risk factors defining a clinical diagnosis of MetS was
based on guidelines suggested by the Adult Treatment Panel III (ATP III) according to
which any three of the following must be present (11): elevated waist circumference,
elevated triglycerides, reduced HDL cholesterol, elevated BP, and elevated fasting glucose.
Because we did not measure waist circumference and fasting state was not a prerequisite in
order to not interfere with caregiver daily routine, our definition of cardiometabolic risk
factors partially deviated from ATP III definitions (Table 1). We defined elevated body
weight per body mass index (BMI) ≥ 30kg/m2 (8) and conservatively set cut offs for high
triglycerides at ≥ 200 mg/dl (39), and for high glucose at ≥ 140 mg/dl and/or having
diabetes per the assessment of health problems (8). All participants had blood draws
between 10:00–10:45 a.m. We did not standardize the length of time since breakfast in
participants who did not fast but covaried our analysis for fasting state (yes/no).

We asked participants for their weight and height to calculate the BMI. Using a non-invasive
Microlife Blood Pressure monitor, three BP measurements were collected by the research
nurse over a 15-minute resting period (5 participants missed one reading and one participant
missed two readings). The average was computed and taken as the participant’s mean
systolic and diastolic resting BP. Prescribed BP medications were noted (e.g., diuretics,
calcium-channel blockers). Plasma triglycerides and HDL cholesterol were determined by
standard methodology at the clinical chemistry laboratories at the UCSD medical center.
Participants taking any cholesterol lowering drug (n=77) did not differ in frequency of
elevated triglyceride levels (p=0.16) and reduced HDL-cholesterol levels (p=0.17) from
participants not taking cholesterol lowering medications. However, continuously scaled
levels of HDL-cholesterol were relatively lower in those taking cholesterol-lowering
medication (49.3±18.8 mg/dl vs. 55.0±15.7 mg/dl, p=0.017), whereas triglyceride levels
showed no group difference (114.6±54.8 mg/dl vs. 115.8±71.0 mg/dl, p=0.36). Therefore,
we covaried our analysis for intake of any cholesterol- lowering medication (yes/no).

Our primary outcome was a continuously scaled cardiometabolic risk score to account for
the somewhat arbitrary definition of MetS factors across different definitions and because
CVD risk shows a partly gradual relationship with, for instance, BP and glucose (17). For
this purpose, we added standardized z-scores of BMI, triglycerides, HDL cholesterol
(inverse polarity), glucose, and systolic BP. Systolic BP was preferred because it confers
greater CVD risk than diastolic BP in individuals over 50 years of age (6). Our secondary
outcome variable was the mean of the absolute number of cardiometabolic risk factors
defined in Table 1.

Statistical Analysis
Data were analyzed using PASW 18.0 statistical software package (SPSS Inc., Chicago, IL)
with two-tailed significance level of p<0.05. Prior to beginning our study, we determined
that we would have 88.2% power to detect a medium effect size (d=0.50) using a t-test with
a 2-tailed alpha of 0.05 and with 120 caregivers and 60 non-caregiving controls. Years of
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education, alcohol consumption and physical activity scores, number of health problems,
negative affect scores, role overload scores, years of caregiving, and CDR scores did all not
show a Gaussian distribution. Because of highly skewed variables, three groups (tertiles)
were formed for education level [1) 5–13 years, n=46; 2) 14–16 years, n=68; 3) 17–27 years,
n=55] and alcohol consumption [1) abstainers: score = 0, n=56; 2) mild consumption: score
1–8, n=65; 3) moderate consumption: score 9–30, n=48] to be used in statistical analysis.
Group comparisons used Mann-Whitney U test for continuous variables. Pearson chi-square
test and Fisher’s exact test, where appropriate, were conducted for categorical measures.
Spearman correlation coefficients were calculated to estimate bivariate association.

We employed hierarchical linear regression analysis, using forced entry, to test the a priori
defined main hypothesis that the caregiver status-by-exercise interaction would significantly
be linked to cardiometabolic risk independent of covariates (primary outcome: standardized
cardiometabolic risk score; secondary outcome: number of cardiometabolic risk factors). We
did not consider diagnosis of MetS (i.e., 3 or more risk components) as an outcome because
with 33 participants having MetS and the number of covariates (n=13) the model would be
overfitted and thus unstable. In addition to fasting state and cholesterol-lowering medication
as delineated above, we controlled our analysis for gender, age, socioeconomic status,
smoking, alcohol consumption, psychological distress, and number of health problems,
because all of these have been associated with cardiometabolic risk factors (11,18,23,36).
Because the duration and magnitude of exposure to caregiving stress would be expected to
impact cardiometabolic risk accumulation, we further controlled in the group of caregivers
for years of caregiving and dementia severity in the care recipient.

In case of a significant interaction we applied the Holmbeck method to test whether the level
of regular physical activity (i.e. high vs. low physical activity levels) would moderate the
relationship between caregiver status and cardiometabolic risk (12). To reduce problems
resulting from multicollinearity, all independent variables were centered to the mean (19).
Categorical variables were defined as +0.5 (e.g., caregivers) versus −0.5 (e.g., non-
caregivers). Collinearity between predictors was tested and found to be tolerable in all
analyses. Multivariate normality of data distribution was assured using leverage analysis and
Cook’s distance. Effect sizes were expressed as adjusted R2 and Cohen’s d (7).

RESULTS
Participant Characteristics

Table 2 shows the demographic and medical characteristics, health-related behaviors, and
cardiometabolic risk indices in the 115 caregivers and 54 non-caregiving controls.
Caregivers had been providing 4.14±3.45 years (range 0.50–16.76) of care to their spouses
whose dementia was severe in 7 cases (6%), moderate in 60 cases (52%), mild in 42 cases
(37%), and questionable in 6 cases (5%). The latter cases were kept in the analysis because
all caregivers’ spouses were diagnosed with Alzheimer dementia based on comprehensive
physician work-up, whereas the caregiver interview focuses primarily on daily functioning
of the patient. Relative to non-caregivers, caregivers were physically less active (particularly
with regard to moderately intense activities), reported more health problems, greater
negative affect and greater role overload.

In terms of cardiometabolic risk indices, caregivers had a greater standardized
cardiometabolic risk score (primary outcome) and also 74% greater prevalence of MetS (i.e.,
3 or more of MetS factors present) than non-caregivers, but these differences did not reach
statistical significance. Caregivers had significantly more cardiometabolic risk factors than
non-caregivers (secondary outcome). In absolute numbers, all MetS factors were more
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prevalent in caregivers than in non-caregivers and the prevalence of elevated triglycerides
was significantly different between groups.

Bivariate Associations with the Standardized Cardiometabolic Risk Score
Across all participants, the standardized cardiometabolic risk score was higher in men than
in women (1.23±3.09 vs. −0.56±2.81, p=0.001) and in ever smokers than in never smokers
(0.63±3.25 vs. −0.48±2.73, p=0.016). Greater standardized cardiometabolic risk score was
also associated with fewer years of education (r=−0.25, p=0.001), reduced physical activity
(r=−0.35, p<0.001), reduced alcohol intake (r=−0.17, p=0.025), and more health problems
(r=0.18, p=0.018). There were no significant associations between the standardized
cardiometabolic risk score and age (p=0.47), intake of cholesterol-lowering medication
(p=0.13), negative affect (p=0.46), role overload (p=0.83), and fasting state (p=0.23). The
standardized cardiometabolic risk score and the number of cardiometabolic risk factors
correlated with each other, explaining 67% of the mutual variance (r=0.82, p<0.001).

Multivariate Model for Predictors of Cardiometabolic Risk
Standardized Cardiometabolic Risk Score—Table 3 shows the multivariate model in
which the interaction between caregiver status and physical activity was significantly
associated with the standardized cardiometabolic risk score (primary outcome) independent
of covariates (gender, age, education, smoking, alcohol consumption, health problems,
cholesterol-lowering medication, negative affect, role overload, fasting state). In addition to
the interaction term, male gender, fewer years of education, and less alcohol consumption
also emerged as independent correlates of a greater standardized cardiometabolic risk score.
Post hoc analysis for the three exercise intensity categories showed that the interaction
between caregiver status and moderate physical activity scores significantly predicted the
standardized cardiometabolic risk score (B=−0.90±0.32, p=0.006); however, interactions
between caregiver status and scores for light (B=0.01±0.37, p=0.97) and strenuous (B=
−0.62±0.38, p=0.11) physical activity did not.

Number of Cardiometabolic Risk Factors—The above analyses were rerun with the
same set of covariates but with the number of cardiometabolic risk factors as the dependent
variable (secondary outcome). As was seen in the primary analysis, the caregiver status-by-
physical activity interaction was significantly associated with the number of cardiometabolic
risk factors independent of covariates (B=−0.14±0.06, p=0.017). The model accounted for
27.9% of the variance (adjusted R2=0.279) in cardiometabolic risk (F13,155=5.99, p<0.001).
In addition to the interaction term, male gender (p=0.001), fewer years of education
(p=0.002), and less alcohol consumption (p=0.006) were also independent predictors of the
number of cardiometabolic risk factors. Post hoc analysis for the three exercise intensity
categories showed that the interaction between caregiver status and moderate physical
activity scores significantly predicted the number of cardiometabolic risk factors (B=
−0.29±0.12, p=0.017). As was seen in the primary analysis, interactions between caregiver
status and scores for light (B=−0.11±0.14, p=0.41) and strenuous (B=−0.22±0.14, p=0.12)
physical activity did not significantly predict the number of cardiometabolic risk factors.

Analysis of the Interaction Between Caregiver Status and Physical Activity for
Cardiometabolic Risk

Standardized Cardiometabolic Risk Score—Figure 1 (Panel A) shows that caregivers
with low physical activity had a significantly greater cardiometabolic risk score than non-
caregivers with the same low physical activity level (p=0.017; Cohen’s d=0.50), whereas the
standardized cardiometabolic risk score was similar in caregivers and non-caregivers with
high level of physical activity (p=0.81). Post hoc analysis showed that caregivers with low
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levels of moderate physical activity had a significantly higher (mean±SEM) cardiometabolic
risk score than non-caregivers with the same low level of moderate physical activity
(0.69±0.31 vs. −1.47±0.55, p=0.005; Cohen’s d=0.58). In contrast, the cardiometabolic risk
score was not significantly different between caregivers and non-caregivers with the same
high level of moderate physical activity (−0.16±0.29 vs. 0.34±0.48, p=0.44).

Number of Cardiometabolic Risk Factors—Figure 1 (Panel B) shows that caregivers
with low physical activity showed a greater number of cardiometabolic risk factors than
non-caregivers (p=0.005; Cohen’s d =0.58). However, at high levels of physical activity,
caregivers and non-caregivers did not significantly differ in the number of cardiometabolic
risk factors (p=0.88). In post hoc analysis caregivers with low levels of moderate physical
activity had a significantly higher (mean±SEM) number of cardiometabolic risk factors than
non- caregivers with the same low level of moderate physical activity (1.86±0.12 vs.
1.07±0.21, p=0.006; Cohen’s d=0.57). In contrast, the cardiometabolic risk score was not
significantly different between caregivers and non-caregivers with the same high level of
moderate physical activity (1.58±0.11 vs. 1.65±0.18, p=0.78).

Do Specific Aspects of Caregiver Stress Account for the Relationship Between Physical
Activity and Cardiometabolic Risk?

We tested whether the duration and magnitude of exposure to caregiving stress would better
account for the inverse relationship between physical activity (total score) and
cardiometabolic risk in caregivers. All analyses were adjusted for gender, age, education,
smoking, alcohol consumption, health problems, cholesterol-lowering medication, negative
affect, role overload, and fasting state. However, when entered additionally and separately,
years of caregiving (p-values >0.33) and dementia severity of the spouse (p-values >0.88),
were not related to either cardiometabolic risk index, which, in turn, maintained their
significant relationship with physical activity (all p-values <0.001).

DISCUSSION
Dementia caregiving stress is now an acknowledged natural model of the human stress
experience to investigate physical adversities imposed by chronic psychosocial stress (36).
We found that, relative to age- and gender-equated non-caregiving controls, Alzheimer’s
caregivers perceived significantly more role overload in meeting everyday responsibilities
and greater psychological distress in the form of negative affect. This demonstrates that
caregivers felt on average indeed more stressed than their non-caregiving counterparts.

We corroborated previous studies showing that Alzheimer’s caregivers, when compared to
non-caregivers, are physically less active (2,30)and show greater cardiometabolic risk (35),
as was evidenced in our study by factors defining MetS. Low statistical power may be an
explanation for why the 74% higher prevalence of the MetS in caregivers than non-
caregivers was not significant. Our main finding was that the level of physical activity
moderated the relationship between caregiver status and cardiometabolic risk. Specifically,
caregivers reporting low level of physical activity had significantly greater standardized
cardiometabolic risk score than non-caregivers with the same low physical activity level. In
contrast, when caregivers reported high level of physical activity, they had a similar
cardiometabolic risk score as non-caregivers with the same high level of physical activity.
These results suggest that high level of physical activity might buffer cardiometabolic risk in
caregivers to a level seen in non-caregivers. In other words, as was shown for younger
populations (13,41), chronically stressed elderly might overcome cardiometabolic peril if
they are regular exercisers.
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Given that the literature is somewhat ambiguous in terms of cut points defining
cardiometabolic risk factors (11,16), we computed two different indices of cardiometabolic
risk. Our primary outcome measure employed a continuous score of standardized MetS
factors. Our secondary outcome merely counted the number of factors defining MetS. We
found an association between low level of regular physical activity and high cardiometabolic
risk in caregivers regardless of whether cardiometabolic risk factors were operationalized as
clinical categories (e.g. high versus normal BP) or as continuously scaled measures across a
range of normal, subclinical, and clinical values. The latter comes as no surprise given that,
for instance, the gradual relation between systolic BP and CVD risk starts at a level as low
as 115 mmHg, which is far below the cut point of 140 mmHg defining stage 1 hypertension
(6).

We found the moderating effect of physical activity on cardiometabolic risk in caregivers to
be independent of a range of sociodemographic and life style factors, which are commonly
treated as potentially confounding variables when studying MetS as a risk factor of CVD
(10). Consistent with the literature (36), relative to non-caregivers, caregivers had more
health problems, which comprised myocardial infarction, chronic heart failure, angina, and
other heart diseases. Adjustment for these was important to account for the possibility that
caregivers’ high cardiometabolic risk simply reflects poor physical and cardiovascular
health, respectively. A previous study found that Alzheimer’s caregivers with CHD had
higher MetS levels (i.e., sum of z-scores of BP, lipids, insulin, glucose, and BMI) than non-
caregivers with CHD; however, no such difference was observed between caregivers and
non-caregivers free of CHD (34). That study further showed that poor health habits
(composite score of poor diet and sedentary behavior) moderated the relationship between
MetS levels and CHD risk in caregivers (34). We did not consider dietary habits, though the
findings from that and from our study together support a model whereby the chronic stress
of dementia caregiving may interact with poor health habits to trigger increase in
cardiometabolic risk. This increased risk may in turn translate into clinically significant
CHD subsequently.

Not all studies find caregivers are less physically active than non-caregivers (25,29), likely
because the lack of opportunity to engage in such activity may depend on the severity of
stress exposure and perception (2,30). We therefore considered in our analyses years of
caregiving, dementia severity of the care recipient, psychological distress in the form of
negative affect, and perceived role overload as control variables. However, we found that
the relation between reduced level of physical activity and higher cardiometabolic risk in
caregivers was not better explained by caregiver burden and distress. Dementia severity of
the spouse and years of caregiving did also not attenuate the significance of the inverse
association between physical activity and cardiometabolic risk in caregivers. The latter
suggests that cardiometabolic risk in caregivers was not simply a consequence of years of
lack of physical activity. However, it is possible that the average stress exposure and
perception in our caregivers did not reach an intensity that evidently affected regular
physical activity level, as, for instance, only 6% of spouses suffered severe dementia.

The difference in cardiometabolic risk between caregivers and non-caregivers with low
physical activity showed a moderate effect suggesting that it is clinically important.
Cardiometabolic risk is reduced by long-term exercise training (3)and interventions to
increase regular physical activity in dementia caregivers reduced caregiver distress
significantly (4). Moderate intensity, home-based physical activity telephone interventions
were shown to be feasible means to increase total weekly physical activity levels and self-
efficacy in Alzheimer’s caregivers (9). In our caregivers, moderate physical activities
seemed also more important than light and strenuous activities in contributing
cardiometabolic benefit. Therefore, caregivers with low levels of physical activity might
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particularly profit from moderately intense physical activities (e.g. fast walking) intervention
as a way of lowering their cardiometabolic risk.

The findings of our study need to be interpreted within the frame of the study design and
characteristics of participants. Women were overrepresented, but the link between caregiver
burden, MetS, and CVD risk seems particularly prominent in male dementia caregivers (35).
Our participants were in good health such that their overall physical activity level may not
be representative for populations of less mobile elderly and those with poorer health status.
The cross-sectional design does not allow one to draw causal inferences. Although we
controlled for a range of confounders that may affect physical activity level, we cannot rule
out the possibility that cardiometabolic burden impacted, at least in part, the level of
physical activity. Particularly excess weight can be both a cause and a consequence of low
physical activity. Since BMI is part of the definition of MetS, we could not factor out BMI
as a contributor to low levels of physical activity. However, this seemed not to contribute to
the observed group difference because physical activity and BMI showed similarly inverse
correlations in caregivers (r=−0.44, p<0.001) and controls (r=−0.30, p=0.030). In persons 70
years and older, measured and self-reported weight show high correlation, but self-report of
height has its limitations in that the BMI was one unit lower when computed with self-
reported height than when calculated from measured height (21). Whether the relationships
would hold if cardiometabolic risk indices were defined differently by, for instance,
considering waist circumference and fasting lipid and glucose measures, remains
unresolved. Although we controlled for fasting state, different timing of blood sampling
relative to the postprandial breakfast might also have influenced elevations in triglycerides
and glucose. Whether patients with a prior diagnosis of diabetes should be included in
analysis of MetS is controversial. However, ATP III definition (applied in the present study)
does not exclude hyperglycemia in the diabetes range and World Health Organization
definition even considers patients with type 2 diabetes for the diagnosis of MetS (1).

In sum, our study shows that cardiometabolic risk seems particularly high in caregivers who
report reduced level of regular physical activity. Interventions studies aimed at increasing
physical activity level in caregivers seem thus warranted. These might be a feasible means to
possibly reduce cardiometabolic risk and the associated CVD morbidity and mortality in
Alzheimer’s caregivers to a level seen in their non-caregiving counterparts.
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Figure 1. Regular Physical Activity and Cardiometabolic Risk Indices
Error bar graphs (mean±SEM) show significantly greater standardized cardiometabolic risk
score (A) and also greater number of cardiometabolic risk factors (B) in 115 caregivers (CG)
and 54 non-caregivers (NCG) with the same level of low physical activity; CG and NCG
with the same level of high physical activity have similar cardiometabolic risk indices. All
analyses controlled for gender, age, education, smoking, alcohol consumption, health
problems, cholesterol-lowering medication, negative affect, role overload, and fasting state.
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Table 1

Definition of Cardiometabolic Risk Factors in the Present Study

Factor Defining level

1. Obesity Body mass index ≥ 30 kg/m2

2. Elevated triglycerides ≥200 mg/dl (non-fasting)

3. Reduced high-density lipoprotein cholesterol <50 mg/dl in women
<40 mg/dl in men

4. Elevated blood pressure Systolic blood pressure >130 mmHg and/or diastolic blood pressure >85 mmHg and/or
taking blood pressure lowering medications

5. Elevated blood glucose Glucose ≥ 140 mg/dl (non-fasting) and/or positive history of diabetes

The presence of three or more of these factors defines the metabolic syndrome
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Table 2

Characteristics of 169 Study Participants

Variable Caregivers(n=115) Non-caregivers(n=54) P-value

Female gender (%) 69.6 66.7 0.705

Age (years) 73.8±8.2 74.4±6.3 0.977

Education (years) 15.2±3.1 15.7±3.2 0.142

Total physical activity (score) 5.14±2.97 6.33±2.66 0.008

Light activity (score) 2.97±1.40 3.39±1.14 0.069

Moderate activity (score) 1.62±1.53 2.19±1.30 0.014

Strenuous activity (score) 0.55±1.10 0.76±1.21 0.158

Ever smoker (%) 46.1 37.0 0.268

Alcohol consumption (score) 5.62±5.83 5.91±6.17 0.712

Number of health problems 3.40±1.86 2.78±1.57 0.029

Any cholesterol-lowering medications (%) 47.0 42.6 0.595

Negative affect (score) 17.8±6.1 13.6±5.3 <0.001

Role overload (score) 5.17±3.20 1.44±1.99 <0.001

Fasting state (%) 14.8 20.4 0.362

Body mass index (kg/m2) 26.6±4.9 26.3±6.2 0.264

Triglycerides (mg/dl) 120.2±67.9 104.7±53.6 0.262

High-density lipoprotein cholesterol (mg/dl) 51.9±16.0 53.5±16.0 0.564

Systolic blood pressure (mmHg) 134.8±15.4 132.4±14.2 0.309

Diastolic blood pressure (mmHg) 75.9±8.7 73.2±10.4 0.102

Any blood pressure lowering medications (%) 60.1 55.6 0.512

Glucose (mg/dl) 105.0±44.4 94.2±20.1 0.293

History of diabetes (%) 12.2 3.7 0.096

Standardized cardiometabolic risk score (primary outcome) 0.27±2.99 −0.57±2.99 0.059

Number of cardiometabolic risk factors (secondary outcome) 1.74±1.12 1.31±1.02 0.017

Obesity (%) 22.6 16.7 0.374

Elevated triglycerides (%) 15.7 3.7 0.038

Reduced high-density lipoprotein-cholesterol (%) 39.1 33.3 0.467

Elevated blood pressure (%) 77.4 70.4 0.325

Elevated blood glucose (%) 19.1 7.4 0.066
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Variable Caregivers(n=115) Non-caregivers(n=54) P-value

Metabolic Syndrome (%) 22.6 13.0 0.140

Values are given as means±SD or percentages
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Table 3

Multivariate Model for the Standardized Cardiometabolic Risk Score

Entered variables Unstandardized coefficient B Std. Error P-value

Constant 0.23 0.30 0.434

Gender (male = −0.5) −2.00 0.44 <0.001

Age (years) −0.02 0.03 0.392

Education (years) −0.80 0.28 0.004

Ever smoker (yes = +0.5) 0.77 0.41 0.067

Alcohol consumption(score) −0.71 0.27 0.009

Number of health problems 0.02 0.12 0.841

Cholesterol-lowering medication (yes = +0.5) 0.47 0.42 0.258

Negative affect score −0.05 0.04 0.232

Role overload score −0.09 0.08 0.241

Fasting state (yes = +0.5) −0.17 0.55 0.754

Physical activity score −0.27 0.08 0.001

Caregiver status(caregiver = +0.5) 0.83 0.51 0.108

Caregiver status-by-physical activity interaction −0.33 0.16 0.035

The entire model explained 30.7% of the variance (adjusted R2=0.307) in cardiometabolic risk (F13.155=6.71, p<0.001).
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