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  Abstract 
Background: Alzheimer caregivers have an increased fibrin turnover as 
compared to non-caregiving controls. Many intervention studies have aimed to 
reduce mental health disorders in caregivers, with little emphasis on physical 
changes and disease risk. Caregivers are prone to cardiovascular disease due 
to chronic stress, but few studies have examined their lipid levels. The present 
study aimed to examine whether having enjoyment in life can improve the 
lipid profile of caregivers. Methods: This intervention study targeted caregiv-
ers of patients with dementia aged ≥65 years. Participants were divided into 
the intervention group and control group; those in the former group were 
asked to implement enjoyment in their lives, while those in the latter group 
continued with their normal lives. The intervention period was 24 weeks. Sta-
tistical analysis was performed using two-way analysis of variance. Results: 
Tests of within-participant effects revealed a significant interaction between 
triglyceride (TG) and sex [F (1.64, 62.45)=7.36, p=0.003], but no significant 
interaction was observed for HDL-C or LDL-C. Tests of within-participant 
comparisons revealed significant interactions between LDL-C and group x sex 
(P=0.040), and between TG and sex (P=0.02), but no significant interaction 
was observed for HDL-C. Tests of between-participant effects revealed a sig-
nificant interaction between HDL-C and sex (P=0.001), but no significant in-
teraction was observed for LDL-C or TG. Pairwise comparisons revealed no 
significant differences in HDL, LDL, and TG. Discussion: Analyses of the 
lipid profile of caregivers revealed sex differences in lipid levels. These dif-
ferences may be related to caregiving burden and lifestyle changes due to un-
familiar caregiving tasks in male caregivers, in addition to the influence of 
dyslipidemia and progression of cardiovascular disease by sex. Worsening of 
the lipid profile may be due to chronic stress. The reason for improved HDL-C 
levels in the control group might be explained by changes in lifestyle. Life-
style characteristics of caregivers need to be clarified in the future. Conclu-
sion: Our findings suggest that the quality of life of caregivers can be im-
proved by conducting further research that takes into account the sex of care-
givers, and by clarifying factors that worsen their health status. 
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1. Introduction 

The average coronary heart disease risk score is higher in caregivers than in non-caregivers [1]. Long-term care-
givers have a significantly impaired cardiovagal baroreflex sensitivity relative to non-caregivers [2]. Alzheimer 
caregivers have an increased fibrin turnover as compared to non-caregiving controls [3]. The stress of caregiving 
leads to a loss of lymphocyte beta(2)-adrenergic receptors in more vulnerable caregivers [4]. Duration of caregiving 
is positively associated with intima-media thickness (IMT) measured in the internal/bifurcation segments of the 
carotid artery [5]. Caregivers have a higher frequency of carotid plaques compared with non-caregivers [6].  

High caregiver burden has been reported to be a factor that affects the health of caregivers [7]. Dementia care-
givers have more stress and physical problems than non-dementia caregivers [8]. Elderly caregivers with stressful 
care conditions and metabolic syndrome are at risk for declining health [9]. Frequent comorbidities experienced 
after becoming caregivers of dementia patients include hypertension [10]. Stress reportedly lowers HDL [11]. 
Therefore, it is necessary to alleviate the stress of caregiving.  

A number of intervention studies have been conducted in caregivers of dementia patients. One study reported 
that a high level of trait mindfulness may have a protective effect on blood pressure when caregivers of dementia 
face high levels of stress [12]. In another study, greater engagement in pleasant leisure activities was associated 
with reduced mean arterial blood pressure [13]. The odds of the need for more respite is reportedly 5.3 times higher 
for family caregivers of people with dementia compared to family caregivers of people with musculoskeletal condi-
tions, and 7.7 times higher compared to family caregivers of people with circulatory conditions [14].   

According to previous intervention studies, programs with high levels of physical activity are not likely to be 
feasible as caregivers are already physically fatigued from caregiving responsibilities. Therefore, different methods 
of intervention are needed, for example, encouraging participants to find enjoyment in their daily lives, which can 
be easily and continuously implemented.  

Internet-based self-management interventions demonstrated promising preliminary effects on caregiver 
self-efficacy and goal attainment [15]. The effectiveness of Internet-based interventions has been reported, includ-
ing a study showing that caregivers in the experimental group had significantly reduced symptoms of depression 
and anxiety post-intervention [16]. While many studies targeting caregivers have aimed to reduce mental health 
disorders, few intervention studies have focused on the risk of diseases in this population. Moreover, few studies 
have examined the lipid profile of caregivers, despite the high likelihood of cardiovascular disease in caregivers due 
to chronic stress. Accordingly, the present study aimed to examine whether having enjoyment in life can improve 
the lipid profile of caregivers. 

2. Methods 

This intervention study targeted caregivers of patients with dementia aged ≥65 years. Caregivers who had fun in 
their lives were excluded. Caregivers with cardiovascular disease were also excluded, but those receiving regular 
treatment for the disease and who had well-controlled hypertension, diabetes, and dyslipidemia were included.  

Participants were divided into the following two groups: the intervention group, in which participants were asked 
to implement things to look forward to in their lives, and the control group, in which participants were asked to 
continue with their normal lives. The intervention period was 24 weeks. 

Changes in high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and 
triglyceride (TG) were examined as factors that cause atherosclerosis, which affects the cardiovascular system. 
Two-way analysis of variance was performed, with the significance level set at less than 5%. SPSS software was 
used for all analyses. 

The Ethics Committee of Nagoya University Graduate School of Medicine approved this study. All participants 
provided written informed consent. Appropriate ethical measures were taken, such as clarifying that participation 
was voluntary. 
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3. Results 

Both the intervention and control groups consisted of 21 participants, with no significant difference in characte-
ristics between the two groups (Table 1). Male participants accounted for 47.6% and 33.3% in the intervention and 
control groups, respectively, and 47.6% and 33.3% of participants were aged 65-74 years, respectively. At baseline, 
HDL-C and LDL-C were higher in females compared to males, and TG was higher in males compared to females, 
in both the intervention and control groups. 

Table 2 shows the results of tests of within-participant effects using two-way repeated measures analysis of va-
riance. No significant interaction was observed between HDL-C and group (intervention/control) (P=0.709), sex 
(P=0.218), and group x sex [F (1.69, 64.39)=0.39, p=0.644]. Multiple comparisons using the Bonferroni test re-
vealed no significant difference between the intervention and control groups (P=0.738). For LDL-C, no significant 
interaction was observed with group (intervention/control) (P=0.521), sex (P=0.233), or group x sex [F (2.0, 
76.0)=2.76, p=0.070]. Multiple comparisons using the Bonferroni test revealed no significant difference between 
the intervention and control groups (P=0.178). For TG, no significant interaction was observed with group 
(P=0.399) or group x sex (P=0.299), whereas a significant interaction was observed with sex [F (1.64, 62.45)=7.36, 
p=0.003]. Multiple comparisons using the Bonferroni test revealed no significant difference between the interven-
tion and control groups (P=0.36), or by sex (P=0.58). 

Table 3 shows the results of tests of within-participant comparisons. For HDL-C, no significant interaction was 
observed with group (P=0.629), sex (P=0.860), or group x sex (P=0.351). For LDL-C, no significant interaction 
was observed with group (P=0.832) or sex (P=0.075), whereas a significant interaction was observed with group x 
sex (P=0.040). For TG, a significant interaction was observed with sex (P=0.02), but not with group (P=0.43) or 
group x sex (P=0.53). 

Table 4 shows the results of tests of between-participant effects. For HDL-C, a significant interaction was ob-
served with sex (P=0.001). However, no significant interaction was observed with group (P=0.738) or group x sex 
(P=0.904). For LDL-C, no significant interaction was observed with group (P=0.18), sex (P=0.10), or group x sex 
(P=0.48). For TG as well, no significant interaction was observed with group (P=0.36), sex (P=0.58), or group x 
sex (P=0.71). 

Pairwise comparisons revealed no significant differences in HDL-C, LDL-C, and TG (Table 5).  
Tables 6 show rates of change in the intervention and control groups. In the intervention group, rates of change 

were -0.35% for HDL-C, +0.17% for LDL-C, and +14.6% for TG. In the control group, rates of change were  
+1.77% for HDL-C, +0.46% for LDL-C, and +6.12% for TG. 

Table 1. Characteristics of study participants 

 Intervention group Control group P 
 Mean ± SD Mean ± SD  

Age 65-74 years (N/%) 10 / 47.6 7 / 33.3  
≥75 years (N/%) 11 / 52.4 14  66.7  

HDL-C (standard value: 40-96 mg/dL) 56.6 ± 15.3 56.4 ± 15.9 0.605 
LDL-C (standard value: 70-139 mg/dL) 116.1 ± 20.7 108.2 ± 24.5 0.240 

TG (standard value: 50-149 mg/dL) 117.1 ± 47.3 129.0 ± 56.1 0.239 

Notes: HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride. 

Table 2. Results of tests of within-participant effects 

 Source Degree of freedom F value P 

HDL-C 
HDL-C x Group* Sex 1.69 0.39 0.64 

Error 64.39   

LDL-C 
LDL-C x Group* Sex 2.00 2.76 0.07 

Error 76.00   

TG 
TG x Sex 1.64 7.36 0.003 

TG x Group*Sex 1.64 1.21 0.299 
Error 62.45   

Notes: Group refers to either the intervention or control group. HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein choles-
terol; TG: triglyceride. 
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Table 3. Results of tests of within-participant comparisons 

 Source Degree of freedom F value P 

HDL-C 
HDL-C x Group*Sex 1 0.89 0.351 

Error 38   

LDL-C 
LDL-C x Group* Sex 1 4.51 0.04 

Error 38   

TG 
TG x Sex 1 6.42 0.02 

TG x Group*Sex 1 0.40 0.53 
Error 38   

Notes: Group refers to either the intervention or control group. HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein choles-
terol; TG: triglyceride. 

Table 4. Tests of between-participant effects 

 Source Degree of freedom F value P 

HDL-C 
Sex 1 12.73 0.001 

Group*Sex 1 0.014 0.904 
Error 38   

LDL-C 
Group*Sex 1 0.51 0.481 

Error 38   

TG 
Sex 1 0.31 0.58 

Group*Sex 1 0.14 0.71 
Error 38   

Notes: HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride. 

Table 5. Pairwise comparisons 

 Variable Difference in mean values P 
HDL-C Group 1.49 0.74 
LDL-C Group 9.67 0.18 

TG Group 15.71 0.36 

Notes: Group: Intervention group, Control group. HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: 
triglyceride. 

Table 6. Results of comparisons 

 Intervention group  Control group  
 Mean Rate of change (%) Mean Rate of change (%) 

HDL-C Pre56.6 > Post56.4 -0.35 Pre56.4 < Post57.4 +1.77 
LDL-C Pre116.1 < Post116.3 +0.17 Pre108.2 < Post108.7 +0.46 

TG Pre117.1 < Post134.2 +14.6 Pre129.0 < Post136.9 +6.12 

Notes: HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride. Rate of change: Rate of change 
after intervention (%) = (Post-intervention value – baseline value)/baseline value x 100. 

4. Discussion 

This study examined whether having enjoyment in life would lead to changes in the lipid profile, an indicator of 
health status, of caregivers. There was a significant interaction between sex and lipid profile. A significant group 
interaction was also observed for LDL-C. Pairwise comparisons revealed no significant differences in HDL-C, 
LDL-C, and TG. On the other hand, the rate of change of HDL-C showed a significant improvement in the control 
group. The rate of change of LDL-C in the control group was worse than that in the intervention group, whereas the 
rate of change of TG in the intervention group was worse than that in the control group. 

Caregiving may have a bigger impact on TG than other lipids, and this may explain why caregivers have in-
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creased cardiometabolic risk [17]. LDL-C and TG concentrations are lower in women than in men aged ≤50 years 
[18]. Women have a higher incidence of cardiovascular disease after menopause [19]. In addition, dyslipidemia is a 
risk factor for cardiovascular disease in older adults [20]. 

A previous study reported that male caregivers had higher TG and lower HDL-C levels compared to male 
non-caregivers [21]. In terms of sex differences, HDL-C levels have been reported to be higher in women than in 
men, and biochemical cardiovascular risk factors are lower in women than in men [22]. In the present study as well, 
male caregivers had lower HDL-C levels compared to female caregivers. In a previous study, male caregivers had 
elevated D-dimer and IL-6 levels, which are biomarkers of increased thrombosis and inflammation risk, respec-
tively [23]. Moreover, male caregivers had increased diastolic blood pressure, higher blood glucose levels, lower 
hemoglobin and albumin levels, and slightly elevated TNFα and hs-CRP levels, both of which are inflammatory 
biomarkers [24]. Male sex is also a risk factor for CVD morbidity and mortality [25], and male caregivers report-
edly have more comorbidities than females [26]. Consistent with these previous findings, male participants in the 
present study tended to have a worse lipid profile than female participants. In addition to the impact of dyslipidemia 
and progression of cardiovascular disease due to sex, these findings may be related to caregiving burden and life-
style changes in male caregivers, possibly due to unfamiliar caregiving tasks. Caregiving is a potential cause of 
stress for male caregivers, and the worsening of their lipid profile may have been influenced by chronic stress. 

A number of studies that examined sex differences in caregiving reported higher levels of depressive symptoms 
and a higher risk for clinical depression in female caregivers compared to male caregivers [27]. Chronic depression 
is one of the most important cardiovascular risk factors for poor prognosis in patients with myocardial infarction 
[28]. As a factor, we can predict that the cause of depression is involved. The development of caregiver depression 
in many cases is associated with dementia-related behaviors [29]. Caregiver depression has been reported to in-
crease the use of emergency departments by patients with dementia [30]. Accordingly, early response to depression 
in caregivers is necessary. 

Previous studies on the health status of dementia caregivers have generally considered poor sleep status to be a 
factor that worsens the physical condition of caregivers. For example, sleep quality was found to be related to men-
tal distress in dementia caregivers [31]. However, the present study did not investigate sleep quality. It will be im-
portant to investigate the lives of caregivers in the future to improve their quality of life.  

In the pairwise comparisons, no significant differences were observed in HDC-L, LDL-C, and TG. However, 
their rates of change varied slightly between the intervention and control groups. While the present study aimed to 
examine the impact of enjoyment in caregivers’ lives, the lipid profile of participants in the intervention group did 
not show a significant improvement, possibly because our intervention did not result in significant changes in activ-
ity levels. The reason why HDL-C improved in the control group is unclear, but it is possible that there were some 
changes in lifestyles. A future study will be needed to further clarify the characteristics of caregiver lifestyles. 

5. Conclusion 

In this study, analyses of the lipid profile of caregivers revealed sex differences. Currently, few reports have been 
published on the characteristics of mental burden and lifestyles of male caregivers and their physical effects. Our 
findings suggest the need to promote research that takes into account sex differences among caregivers. In addition, 
given that poor sleep quality is a factor that worsens health conditions, the quality of life can be improved by inves-
tigating the lifestyle of caregivers. 
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