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Abstract

The incidence of vascular diseases among caregivers of dementia patients is high, and one
potential cause is the exacerbation of blood coagulability due to mental strain from
caregiving. This study aimed to examine the effects of aerobic exercise on blood
coagulability, from the perspective of improving the health of caregivers. Thirty-one healthy
elderly caregivers, residing with patients suffering from Alzheimer’s-type dementia, were
randomly divided into two groups. In the intervention group, moderate walking exercises (3
METs) were implemented. This group displayed a trend toward lower D—dimer levels, with
no statistical significance (p = 0.05). Also, the Mini—Mental State Examination (MMSE) scores
of the dementia patients remained unchanged. In the control group, the levels of von
Willebrand factor antigen fell significantly (p < 0.05). However, the D—dimer levels remained
unchanged and the MMSE scores of the patients significantly decreased following the
observation period (p < 0.05). Our findings suggest the need to develop effective methods to
maintain, promote, and advance the health of caregivers of dementia patients.
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1. Introduction

Caregivers for dementia patients tend to experience a larger burden than that by the caregivers
for patients with other physical illnesses [1]. This is likely due to the stresses caused by the
psychological and behavioral symptoms that are unique to dementia. Additionally, these caregivers
have been reported to experience chronic exhaustion [2], hypertension [3], and ischemic heart
disease [4]. The mortality risk in caregivers, who experienced a psychological and physical sense of
burden, increased by 63% after four years, with a 1.63—fold greater relative risk [5].

Mental stress has been shown to trigger a hypercoagulable state as evidenced by increases in
the thrombin-antithrombin complex (TAT) and D—-dimer levels [6]. D—dimer is associated with
parameters of the blood coagulation system, suggesting that D—dimer levels correlate with
atherothrombosis [7]. Thrombus formation due to unbalanced coagulability is strongly implicated
in ischemic heart disease [8], with exacerbated blood coagulability leading to coronary heart
disease. Some studies have reported that caregivers of dementia patients have higher blood
coagulability compared to non-caregivers [9]. This may suggest that the mental stress that
accompanies caregiving exacerbates blood coagulability and increases the incidence of thrombotic
disorders. Coronary heart disease has several known risk factors—fibrinogen, white blood cell
count, factor VIII, and von Willebrand factor—elevated levels of which act as indicators of the
disease. They may also play causative roles in coronary heart disease.

In general, elderly caregivers engage in little physical activity [10] and lack sufficient time for
rest or exercise [11]. Low levels of physical activity can increase the risk of hypertension and
cardiovascular disease [12]; the mortality rate among such elderly people is reportedly high [13].
Exercise may reduce the thrombotic activity of platelets as well as that of the coagulation system,
resulting in an improved hemostatic balance [14]. Research in exercise therapy has found that
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aerobic exercise lowers blood coagulability in healthy individuals and patients with cardiovascular
conditions [15]. Additionally, habitual physical exercise may affect not only the physical function
but also the mental state of such individuals [16].

Many intervention studies targeting caregivers of dementia patients report that mental support
and educational activities may reduce the sense of caregiver burden. For example, counseling
relieved depression [17], using telephone improved quality of life [18], and holding educational
sessions relevant to the condition or therapy lessened the sense of burden associated with
caregiving [19].

We hypothesized that aerobic exercise can attenuate the exacerbation of blood coagulability in
elderly caregivers of dementia patients. To test this hypothesis, we implemented a feasible aerobic
exercise routine among caregivers of dementia patients residing at home. We, then, examined the
effects of exercise on blood coagulability and evaluated whether exercise therapy contributes to
reducing the risk of disease.

2. Materials and Methods
2.1 Methods
2.1.1 Subjects

We conducted a survey of 50 caregivers residing with patients suffering from senile dementia of
Alzheimer’s type, between ages 65 and 80. These patients were diagnosed by geriatric physicians
and met the DSM-IV diagnostic criteria [20]. While the focus of the study was healthy caregivers,
we also included those with chronic diseases, such as hypertension, diabetes, and dyslipidemia,
under control with periodic treatment at medical facilities. Nevertheless, we excluded the
caregivers with a previous history of cerebrovascular disease, such as stroke or myocardial
infarction, or liver disease, and those with preexisting exercise habits (exercising twice a week for
30 min or more per session).

The Ethics Committee of Nagoya University Graduate School of Medicine approved this study.
The participants provided informed consent in writing. We took appropriate ethical measures,
such as clarifying that their participation was voluntary.

2.1.2 Study Design

Participants were randomly assigned to one of two groups—Intervention or Control group. The
intervention group performed moderate exercise for 12 weeks, which involved walking for 30 min
per session while maintaining a normal walking speed (3 METs) [21] three times a week. Since
participants were elderly caregivers, we limited the physical activity level to 3 METs. Moreover, we
adopted aerobic exercise as our choice of activity, given the ease of incorporating it into the daily
routine of individuals. The control group was instructed to continue their usual routines. A
pedometer and a record sheet were distributed to all the participants. Participants in the
intervention group recorded their own state of compliance with the exercise program. These were
collected after the observation period and analyzed.
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2.1.3 Caregiver Factors

To assess blood coagulability, we examined levels of four factors—(i) von Willebrand factor
(VWF) antigen, which plays an important role in hemostasis, (ii) D—dimer, a protein fragment
generated when blood clots break down, (iii) thrombin—antithrombin Ill complex (TAT), which
promotes blood clotting, and (iv) tissue plasminogen activator/plasminogen activator inhibitor
type 1 (tPA/PAI-1) complex, which functions during blood clotting and when blood clots break
down. These factors reflect the control of thrombus growth in blood vessels based on a balance
between the coagulation and fibrinolytic systems. Higher levels of these factors indicate a greater
degree of exacerbation of blood coagulability [22]. In fact, high levels of the tPA/PAI-1 complex
were observed in patients with vascular disease [23].

2.1.4 Scale for Dementia Patients

The cognitive function of dementia patients was assessed before and after the observation
period, using the Mini-Mental State Examination (MMSE) (Japanese language version) [24].

2.1.5 Statistical Analysis

Statistical analyses were conducted using the SPSS software (version 25.0). The Mann—Whitney
U test was applied to compare the background characteristics of control and intervention groups at
baseline (Table 1). The Wilcoxon test was used for baseline and post-intervention comparisons in
both groups (Table 2). The Mann—-Whitney U test was used to compare rates of change after the
intervention between the two groups (Table 3).

Table 1 Participant characteristics.

Intervention Group (N=17) Control group (N=14)

Caregivers Median IQR Median IQR p
Sex (Male/Female) (n) 6/11 4/10 0.769
Age (years) 73.0 69.0-76.0 76.5 73.5-78.0 0.071
Caregiving period 37.0 14.0-53.5 26.5 14.8-60.0 1.000
(months)

Caregiving time

8.0 3.0-15.5 15.5 5.3-16.3 0.128
(hrs/day)
vWF antigen (%) 138.0 112.5-163.0 168.5 117.5-255.3 0.128
D-dimer (ug/mL) 0.34 0.26-0.45 0.36 0.23-0.71 0.860
TAT (ng/mL) 2.10 1.25-2.45 1.60 1.28-2.48 0.769
tPA-PAI (ng/mL) 6.30 4.55-9.05 6.45 4.15-8.13 0.681
Pulse (beats/min) 80.0 66.0—-80.0 80.0 69.0-80.0 0.830
Systolic blood

ystolie D100 1320  124.0-141.0 1200  110.0-129.0 0.044*

pressure (mmHg)
Diastolic blood

80.0 70.0-88.0 74.0 70.0-80.0 0.493
pressure (mmHg)
BMI 22.6 19.6-23.8 22.0 19.2-23.9 0.830
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Hypertension (number

) 9 5 0.421
of patients)
Dla!oetes (number of 4 4 0.830
patients)
Patients
Age (years) 74.0 71.0-79.5 79.0 75.8-82.0 0.084
MMSE score 24.0 20.5-26.5 21.5 20.8-25.0 0.315
ns: not significant; *: p<0.05; **: p<0.01; Data are presented as median and interquartile range (IQR). vVWF
antigen, von Willebrand factor antigen; TAT, thrombin-antithrombin Il complex; tPA-PAI, tissue

plasminogen activator/plasminogen activator inhibitor type 1 complex; MMSE, Mini-Mental State
Examination.

Table 2 Comparison of parameters (changes in values) over the observation period.

Caregivers Intervention Group (N=17) Control Group (N=14)
Median Median
change P change P
vWF antigen (%) -6.00 0.73 -15.50 0.03*
D-dimer (pg/mL) —-0.08 0.05 —-0.05 0.83
TAT (ng/mL) -0.30 0.68 0.15 0.40
tPA-PAI (ng/mL) 0.20 0.91 -0.20 0.75
Patients
MMSE score -1.00 0.26 -4.0 0.01"

Change after intervention = Post-intervention value—baseline value. *: p<0.05; **: p<0.01. vWF antigen,
von Willebrand factor antigen; TAT, thrombin-antithrombin 11l complex; tPA-PAI, tissue plasminogen
activator/plasminogen activator inhibitor type 1 complex; MMSE, Mini-Mental State Examination.

Table 3 Comparison of parameters (rates of change) over the observation period.

Caregivers Intervention Group (N=17) Control Group (N=14) p
(%) Median rate of IQR Median rate of IQR

change (%) change (%)
vWF antigen 0.00 -14.2 6.5 -4.6 -17.6 1.65 0.173
D-dimer -20.0 -37.26.2 -4.6 -23.516.1 0.377
TAT -4.2 —-31.038.0 3.85 -14.9 30.2 0.518
tPA-PAI -2.1 -16.2 25.3 0.00 -16.217.6 0.922
Patients
MMSE score 5.4 -29.27.1 -12.9 —-27.5-3.75 0.353

Rates of change after intervention (%) = (Post-intervention value—baseline value)/baseline value x 100. *:
p<0.05; **: p<0.01. vVWF antigen, von Willebrand factor antigen; TAT, thrombin-antithrombin Ill complex;
tPA-PAI, tissue plasminogen activator/plasminogen activator inhibitor type 1 complex; MMSE, Mini-Mental
State Examination.
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3. Results

Of the 50 participants, 11 met the exclusion criteria and three refused to participate. Five
participants dropped out of the study, during the observation period. The reason for refusal or
dropping out was the lack of spare time due to the demands of caregiving and daily life.
Consequently, we assigned 17 participants to the intervention group and 14 to the control group.

Table 1 summarizes the background characteristics of participants at baseline. Only systolic
blood pressure differed significantly between the intervention and control groups. The baseline
levels of blood coagulation factors displayed no significant differences. The daily number of steps
was significantly larger (p < 0.01) in the intervention group (median: 9204.0; IQR:
7660.9 to 10242.1) compared to the control group (median: 5877.4; IQR: 3128.8 to 7317.4). Table
2 displays the changes in values measured from the baseline. With respect to blood coagulability in
the intervention group, we observed a trend toward lower D—dimer levels; but this was not
statistically significant (p = 0.05). MMSE scores of the dementia patients remained the same after
an intervention. In contrast, vVWF antigen levels in the control group decreased significantly
(p <0.05), and MMSE scores of the patients also decreased significantly (p < 0.05) after the
observation period. Table 3 shows the rates of change after the intervention in both groups. The
median rate of change in D—dimer level was -20% (IQR: -37.2 to 6.2) in the intervention group,
with no significant difference compared to the control group (p = 0.377). The median rates of
change in VWF antigen levels were 0.00% (IQR: -14.2 to 6.5) and -4.6% (IQR: -17.6 to 1.65) in the
intervention and control groups, respectively, with no significant differences between the two
groups (p =0.173).

4, Discussion

In this study, aerobic exercise failed to demonstrate lowered blood coagulability in caregivers of
dementia patients.

4.1 Effects of Exercise Program

Moderately strenuous exercise is reportedly easier to sustain than highly strenuous exercise
[25]. In our study, we exhibited that an intervention program incorporating moderately strenuous
exercises is sustainable in elderly participants for a relatively short period. Awareness of health
management likely increased in participants, making it possible for them to sustain the activities.
This suggests that aerobic exercise is relatively easy to incorporate into the lives of caregivers of
patients with dementia.

4.2 Changes in Blood Coagulability Due to Exercise

In Prior studies on blood coagulability immediately after exercise demonstrated no change in
healthy subjects [26], but research on stroke patients displayed improvements [27]. This suggests
that exercise may have a greater effect on people with exacerbated blood coagulability. In the
present study, there was a mild trend toward a lowered D—dimer in intervention subjects, but with
no significant change. One possible reason could be that, unlike the stroke patients, participants of
our study did not exhibit any progression of arteriosclerosis.
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The vWF antigen levels significantly decreased in the control group, which differed from the
previous reports suggesting that vVWF antigen levels rise in response to psychological stress [28].
While the reason for this discrepancy is unclear, baseline vVWF antigen levels were somewhat
higher in this small control group compared to the intervention group. During the study,
participants in the control group took a median of 5877.4 (IQR: 3128.8 to 7317.4) steps a day. This
indicates that the caregivers walk a great deal in their daily lives, reflecting a high level of physical
activity associated with caregiving.

In summary, our findings concluded that aerobic exercises do not always positively impact the
health of caregivers. However, there is a possibility of large variations in the overall physical
stamina and strength of individuals in our study population as well as age-related changes in motor
functions. Furthermore, in both groups, there were variations in the level of physical activity based
on the number of steps taken. This highlights the need to increase the sample population size and
to develop new methods/tests to assess effects of activity. To accurately assess the effects of
exercise programs, long-term follow-up studies will be needed, with exercise prescribed in a way
that is tailored to the health state of each caregiver.
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