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  Abstract 
Background: Caregivers tend to have a lower estimated glomerular filtration 
rate (eGFR) than non-caregivers. Few studies have identified factors that af-
fect the renin-angiotensin system in caregivers of dementia patients, who are 
under combined physical and psychological stress from caregiving. Purpose: 
The present study aimed to determine health factors that affect the re-
nin-angiotensin system in caregivers of patients with dementia. Methods: A 
cross-sectional study was conducted among elderly caregivers of patients with 
dementia. Levels of renin and aldosterone were measured in each caregiver. 
Logistic regression analysis was performed. Results: Caregiver sex and BMI 
were identified as factors that influence the renin-angiotensin system in care-
givers of dementia patients. Discussion: Chronic stress may increase aldoste-
rone and renin levels in caregivers. Male caregivers had significantly higher 
renin levels than female caregivers, suggesting that the sympathetic activity in 
men may increase more markedly during caregiving than that observed in 
women in Japan. Factors that promote obesity, such as detrimental lifestyle 
habits that develop from the physical and mental fatigue of caregiving, may 
also have an impact. Conclusion: Increased support is needed for male care-
givers, specifically for their caregiving efforts and health management. Other 
factors that increase caregiver BMI must also be identified. 
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1. Introduction 

The prevalence of hypertension is significantly higher in caregivers than in non-caregivers, and female caregiv-
ers have a lower estimated glomerular filtration rate (eGFR) than non-caregivers (adjusted OR: 6.54) [1]. Caregiv-
ers with hypertension exhibit a more marked decline in renal function compared to that observed in caregivers 
without hypertension. Similarly, caregivers with high diastolic blood pressure showed a more marked decline in 
renal function than that of caregivers with low diastolic blood pressure [2]. Factors that cause declines in caregiver 

http://www.hillpublisher.com/journals/ijcemr/�


Akemi Hirano, Yusuke Suzuki, Toshio Hayashi, Koichiro Ina, Joji Onishi 
 

 

DOI: 10.26855/ijcemr.2021.07.002 244 International Journal of Clinical and Experimental Medicine Research 
 

renal function may include hypertension onset and exacerbation of chronic cardiovascular diseases. 
Caregiving is a significant predictor of hypertension incidence [3], and for some elderly caregivers, their care-

giving activities demand more than what their individual cardiovascular capacity may allow. Overburdened care-
givers may develop health problems such as heart disease and may experience exacerbation of chronic disease [4]. 
One study noted increases in the progression of arrhythmia severity and frequency in elderly caregivers, finding 
that increases in blood pressure could be triggered by interruptions in sleep throughout the night due to the demand 
for nighttime care [5]. 

Stress evokes a reaction from the adrenal glands [6]. The endocrine system responds to stress by activating the 
hypothalamus-pituitary-adrenal (HPA) axis and the sympathetic adrenal medullary system, the latter of which in-
fluences the hypersecretion of adrenal hormones (in particular, glucocorticoids from the adrenal cortex and epi-
nephrine from the adrenal medulla) [7], [8], [9]. 

Decreases in GFR and/or albuminuria are associated with a higher risk of death, particularly from cardiovascular 
causes; this risk extends to the elderly [10]. 

Adrenal glands play a central role in the body’s response to stress, and proper adaptation of these glands is criti-
cal to maintaining homeostasis [11]. Cardiovascular disease has been found to be aggravated by stress in caregivers 
of dementia patients. However, few studies have identified factors that affect the renin-angiotensin system in care-
givers of patients with dementia when the combination of physical and psychological stress of caregiving is 
present. 

The present study aimed to identify health factors of caregivers of dementia patients that affect the re-
nin-angiotensin system (RAS). 

2. Methods 
We conducted a cross-sectional study of elderly caregivers of patients with dementia. The biochemical data used 

in this study were as follows. Renin and aldosterone levels were measured in each of our study subjects. 
Dependent variables were renin and aldosterone levels, analyzed by binomial logistic regression using the step-

wise method. Any factors showing significant associations with these hormones were extracted as binary variables 
and categorized as below-median or above-median values for renin and aldosterone. 

The study was approved by the Bioethics Review Committee of Nagoya University. 

3. Results 
The study subjects comprised 44.2% men. Renin and aldosterone levels in our study subjects were within the 

reference values. DBP was significantly higher in men (85.0) than in women (77.1) (p=0.04). 48.1% caregivers 
were taking ARB, ARB+Ca antagonists, alpha-beta blockers, ACE inhibitors, Ca antagonists, or platelet aggrega-
tion inhibitors to treat chronic diseases such as hypertension (Table 1). 

Bivariate correlation matrix for hormone secretion and caregiver variables found a significant positive correlation 
between BMI and renin quantification (r=0.456, p=0.01; Table 2). Significant correlations were also observed be-
tween renin quantification and sex (r=-0.454, p<0.01), number of ARB and other medications taken (r=0.327, 
p<0.05), BMI (r=0.456, p<0.001), and smoking history (r=-0.317, p<0.05) (Table 2). 

Factors showing significant associations with renin quantification included male sex (OR: 4.055; 95% CI: 
1.059-15.532), BMI (OR: 1.268; 95% CI: 1.026-1.568) and the use of medications such as ARBs (OR: 4.037; 95% 
CI: 1.182-13.782). No significant associations were observed between aldosterone and any of the independent va-
riables examined (Table 3). 

4. Discussion 
The present study revealed that sex- and BMI-related health factors can influence the RAS in caregivers of pa-

tients with dementia. 
Excess aldosterone and renin, which can stimulate the development of hypertension, promote vascular inflamma-

tion and fibrosis, remodeling, and endothelial dysfunction, all processes of which are associated with atherosclero-
sis [12], [13]. Increased sympathetic activity during stress increases renin production. The combination of living 
alone and chronic stress due to the presence of depressive symptoms led to significant increases in aldosterone 
(p<0.01) and renin (p=0.03) levels [14], suggesting that caregivers have higher aldosterone and renin levels due to 
chronic stress. 
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Table 1. Characteristics of the study subjects 

 Men Women P 

Caregiver Median IQR (25-75%) Median IQR (25-75%)  

Age 77.0 75.0-79.0 74 70.0-79.0 0.219 

Aldosterone (Ref: 35.7-240) (pg/mL) 80.1 61.5-102.0 96.9 70.8-121.5 0.095 

Renin quantification (active) (Ref: 3.2～36 ) (pg/mL) 9.4 7.3-30.0 5.0 3.1-7.8 0.001 

BMI 23.7 21.3-25.9 22.9 19.6-24.9 0.217 

SBP 143.0 129.0-147.0 139.0 120.0-148.5 0.574 

DBP 85.0 76.0-91.0 77.0 69.5-83.0 0.040 

Number of chronic diseases 1.0 1.0-2.0 1.0 1.0-2.0 0.850 

Taking any of medication (%) 48.1     

Taking medications      

ARB (%) 21.2     

ARB + Ca antagonists (%) 1.9     

alpha-beta blockers (%) 1.9     

ACE inhibitors (%) 7.7     

Ca antagonists (%) 26.9     

platelet aggregation inhibitors (%) 17.3     

Notes: By Mann-Whitney Test, BMI: Body mass Index, SBP: systolic blood pressure, DBP: diastolic blood pressure, Taking any of medication: angi-
otensin receptor blockers (ARB), ARB + Ca antagonists, alpha-beta blockers, ACE inhibitors, Ca antagonists, or platelet aggregation inhibitors.  

Table 2. Bivariate correlation matrix for hormone secretion and caregiver variables 

  Sex age Number of medications SBP BMI smoking history 

Aldosterone r 0.233 -0.178 -0.104 0.006 0.198 0.008 

 P 0.096 0.206 0.468 0.966 0.160 0.953 

Renin quantification (active) r -0.454** 0.086  0.327* 0.182  0.456** -0.317* 

 P 0.001 0.545 0.019 0.197 0.001 0.022 

Notes: r: Spearman’s correlation coefficient; P: level of significance, p: *p＜0.05, **p＜0.01; Number of medications: angiotensin receptor blockers 
(ARB), ARB + Ca antagonists, alpha-beta blockers, ACE inhibitors, Ca antagonists, or platelet aggregation inhibitors. 

Table 3. Renin and aldosterone levels, analyzed by binomial logistic regression 

     95% IC 

Dependent variable Variable (covariate) B P OR Lower limit Upper limit 

Aldosterone No variables in the equation      

Renin quantification (active) 

Sex: Men 1.400 0.041 4.055 1.059 15.532 

BMI 0.238 0.028 1.268 1.026 1.568 

Number of taking medications 0.237 0.051 1.268 0.999 1.610 

Renin quantification (active) 
 

Sex: Men 1.417 0.025 4.125 1.194 14.247 

Presence of taking medication 1.395 0.026 4.037 1.182 13.782 

Notes: Each variable was entered into the model as a dichotomous variable indicating whether the participant was within or outside the median values 
(renin, 7.45; aldosterone, 89.2). In the logistic regression analysis, dependent variables were dichotomized as high (1) or low (0) relative to the median 
values (aldosterone <89.2 = 0; >89.2 = 1; renin <7.45 = 0; >7.45 = 1); B: partial regression coefficient, P: level of significance, 95%CI: 95% confidence 
interval, BMI: Body Mass Index. Presence of taking medication: The use of medications (angiotensin receptor blockers (ARB), ARB + Ca antagonists, 
alpha-beta blockers, ACE inhibitors, Ca antagonists, or platelet aggregation inhibitors). 

Sex, BMI, smoking history, and number of ARBs and other medications taken to treat chronic disease were 
found to be significantly associated with renin levels in our study subjects. Enhanced sympathetic activity increases 
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the production of renin and angiotensin 2 [15] [16]. The higher renin levels observed in our male caregivers suggest 
that in general, their nervous systems may respond more markedly to the demands of caregiving than do those of 
female caregivers. One possible explanation for this may be the unfamiliarity among male caregivers toward care-
giving, relative to that of female caregivers in Japan. 

Forty-eight percent of our study subjects were taking ARB, ARB+Ca antagonists, αβ-blockers, ACE inhibitors, 
Ca antagonists, or platelet aggregation inhibitors. Median systolic blood pressure was 143 mmHg in men, which is 
somewhat high, but we assume that it needed to be controlled. Subjects were not overly obese. A few of our study 
subjects were smokers, and higher renin levels were found to correlate negatively with smoking. The superimposi-
tion of a disease process, or the injudicious prescription of a drug, inhibiting renin release or angiotensin II produc-
tion [17]. In other words, the RAS may be impaired in subjects taking multiple medications for blood pressure con-
trol. 

Indeed, increased expression of some components of the RAS has been found to be significantly associated with 
cardiovascular disease and obesity [18]. Gene expression of RAS components is reportedly higher in the visceral 
adipose tissue of obese humans [19], suggesting that renin may be elevated in obese individuals. In addition, factors 
that promote obesity may be influenced by deteriorating lifestyle habits that develop as a result of the physical and 
mental fatigue of caregiving. 

Chronic smoking increases plasma renin activity, which leads to higher aldosterone production, presumably via 
enhanced generation of angiotensin II. This may partly explain the greater vasoconstrictive reactivity typical of the 
arteries of chronic smokers [20]. In the present study, renin levels were negatively correlated with smoking, sug-
gesting that factors other than smoking are likely involved. 

Factors that influence renin levels included male sex, caregiver BMI, and use of medications such as ARB. Di-
astolic blood pressure was higher in men than in women. In men, testosterone amplifies the pressor pathways of the 
RAS [21]. Our findings were consistent with previous studies that found increased RAS activity to be associated 
with obesity and cardiovascular disease [22]. Renin may be more susceptible to drug responses such as ARB. Renin 
levels are known to decrease with age [23], and those with higher renin levels seem to have more brain and cardi-
ovascular events [24] [25] [26]. This suggests that high renin levels may contribute to the development of hyperten-
sion, and therefore may represent a cardiovascular risk factor. 

None of the variables we examined was found to correlate significantly with aldosterone level. Plasma aldoste-
rone levels are reportedly high in patients with metabolic syndrome, suggesting that aldosterone may contribute to 
the increased risk of cardiovascular disease [27]. Visceral fat may secrete substances that promote aldosterone pro-
duction. The lack of aldosterone elevation in the present study subjects may have been due to the fact that BMI 
among our subjects was not so indicative of obesity. 

5. Conclusions 
This study was able to identify factors that influence the secretion of renin and aldosterone, hormones of the 

RAS, in caregivers of patients with dementia. We identified caregiver sex (male) and BMI as significant variables 
that influenced caregiver renin levels. One limitation of this study is that we did not increase the sample size and 
investigate factors related to lifestyle. Future studies should investigate how best to support the health and caregiv-
ing efforts of male caregivers and identify factors that increase caregiver BMI. 
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