
Torimoto-Sasai et al. BMC Public Health  (2015) 15:177 
DOI 10.1186/s12889-015-1519-6
RESEARCH ARTICLE Open Access
Female family caregivers face a higher risk of
hypertension and lowered estimated glomerular
filtration rates: a cross-sectional, comparative
study
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Abstract

Background: Despite societal efforts to alleviate the challenges, caregiving seems to constitute a substantial
burden and source of stress for many families of older adults in Japan. However, precise information on the
physical health of caregivers, based on objective data, is not available. The purpose of this study was to improve
the understanding of the physical health of Japanese family caregivers using objective indicators and a comparative
research design.

Methods: A cross-sectional, comparative study was conducted among family caregivers and their non-caregiver
counterparts. Surveyors visited caregivers in their homes to administer a questionnaire survey, measure their blood
pressure, and collect blood samples using a kit. Blood samples were tested for LDL-Cholesterol, HDL-Cholesterol,
AST, ALT, γ-GTP, uric acid, creatinine and HbA1c. Non-caregiver data were collected at a university-based health
checkup center. We compared 149 caregivers with 149 sex- and age-matched non-caregivers using conditional
logistic regression analyses to examine the impact of caregiving, adjusting for multiple control variables. Analyses
were conducted separately for men and female.

Results: The prevalence of high blood pressure was significantly higher among caregivers than non-caregivers
(male: 72.7% among caregivers vs. 40.9% among non-caregivers, female: 57.1% vs. 27.6%, respectively). After
adjusting for related sociodemographic and health factors, high blood pressure remained significantly more
prevalent among caregivers than non-caregivers, only among female (adjusted OR=2.16, 95% CI [1.14, 4.08]).
Female caregivers showed lower eGFR than their non-caregiver counterparts (adjusted OR=6.54, 95% CI [2.38,
17.91]). No significant differences were observed between the two groups on any other indicators.

Conclusions: Results suggest that female caregivers are at a higher risk of conditions such as cerebral, cardiovascular or
kidney diseases than non-caregivers. Steps must be taken to identify caregivers with high blood pressure and lowered
eGFR and provide them with the support they need before these risk factors develop into serious diseases.

Keywords: Family caregiving, Caregiver health, Physical health, Hypertension, Estimated glomerular filtration rate (eGFR),
Japan
* Correspondence: torimoto@dia.or.jp
1Graduate School of Health Care Sciences, Tokyo Medical and Dental
University, 1-5-45 Yushima, Bunkyo-ku, Tokyo 113-8519, Japan
2The Dia Foundation for Research on Ageing Societies, 3F, Naota, bld, 1-34-5
Shinjuku, Shinjuku-ku, Tokyo 160-0022, Japan
Full list of author information is available at the end of the article

© 2015 Torimoto-Sasai et al.; licensee BioMed Central. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this
article, unless otherwise stated.

mailto:torimoto@dia.or.jp
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


Torimoto-Sasai et al. BMC Public Health  (2015) 15:177 Page 2 of 10
Background
Japan is one of the fastest ageing societies in the world.
As one strategy to meet the needs of a growing elderly
population, the Japanese government introduced public
long-term care insurance (LTCI) for the elderly in 2000.
One of the aims of this new insurance system is to help
older people live independently. In response to this new
system, the availability of services increased rapidly, in-
cluding home-based care services. The number of per-
sons certified as needing long-term care has also
increased substantially; the number of in-home services
users increased from 971,461 in 2000 to 3,062,232 in
2011 [1].
Although the introduction of the LTCI initiated a tran-

sition from family caregiving to socialized caregiving, the
original LTCI did not take family caregivers into account;
LTCI services were provided only to care recipients based
on assessments of their physical and cognitive health,
without assessing family caregivers. To address this prob-
lem, in the 2006 revision of the LTCI, the Japanese govern-
ment encouraged each municipal government responsible
for managing the LTCI to handle any support programs
for family caregivers, such as counseling services. In prac-
tice, however, the programs have not been widely imple-
mented, partly because they were not mandatory. As such,
support for family caregivers has not been as advanced.
Many previous studies have reported that most family

caregivers today feel the burden of caregiving and often
report their own health problems, such as psychiatric
symptoms or other complaints [2-11]. However, the as-
sessment of caregivers’ health in these studies has been
largely subjective, rather than collecting objective data.
Figure 1 Conceptual framework.
Furthermore, one study reports that many female care-
givers do not have time to visit a physician for a checkup
[12]. In these cases, it is impossible to evaluate the fam-
ily caregivers’ health, even though they might be pro-
spective care recipients in future.
Developing an understanding of the objective health of

caregivers and the impact that caregiving has on their
health is of primary importance. The purpose of this
study was to examine the objective health of caregivers
and to assess the impact of caregiving.

Methods
A cross-sectional, comparative study based on a concep-
tual model (Figure 1) was conducted among family care-
givers and their non-caregiver counterparts. While each
individual’s health is affected by factors such as demo-
graphics, health behaviors, and his or her own physical
or mental health conditions, we also assumed that care-
giving has a significant association on the health of the
caregiver. Therefore, we compared health outcome data
between family caregivers and non-caregivers counter-
parts, while adjusting for a variety of other possible fac-
tors affecting health outcomes.

Participants
“Caregiver” was defined as a main person taking care of
an elderly family member who uses any home service
under the LTCI system. Family caregivers were recruited
into this study through 26 agencies providing LTCI ser-
vices, such as care management, home care nursing or
home help, in the urban areas of Tokyo, Osaka, Kobe,
and Ibaraki.
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We also recruited non-caregivers who were not pro-
viding care at the time of the survey. Non-caregivers
were recruited through a university health checkup cen-
ter located in an urban area in Tokyo. The center pro-
vided preventive health examinations; it did not provide
any medical treatment, but could refer patients directly
to the university hospital if any abnormal results were
found. In both groups, additional inclusion criteria were
the absence of any cognitive disorders and the ability to
read and write Japanese without assistance.

Data collection procedure
We collected data on caregivers and non-caregivers
using different procedures. Caregiver data were collected
in participants’ homes by surveyors with nursing licenses,
because caregivers have minimal time to spare to travel to a
study site. First, the surveyors called potential participants
to confirm their intention to participate in the study. Dur-
ing their visit, surveyors administered a questionnaire sur-
vey, then took a blood pressure reading and collected a
blood sample using a kit [13]. We trained 13 registered
nurses in a half-day training session, teaching them the
rules and practical skills needed for the survey, as well as
the standardized procedure for conducting blood pressure
measurements and blood sampling using the kit. Data from
non-caregivers were collected at the health checkup center.
Non-caregiver questionnaires were self-administered be-
cause of time and space limitations at the center. Blood
pressure readings and serum chemistry data were collected
from the health checkup data.
In both groups, prior to the data collection, the sur-

veyors explained to participants their rights to partici-
pate in or leave the study, the confidentiality of personal
identification, and the freedom to leave the study with-
out any disadvantage. After the potential participants
agreed to participate in the study and signed a consent
form, the data collection procedure was initiated. This
study was approved by the ethics committee of Jikei
University. The data were collected from June 2011 to
August 2012.

Measurements
Questionnaires
The questionnaires consisted of questions regarding
sociodemographic variables, physical condition variables,
health-related behavior variables, and subjectively assessed
health condition variables. Sociodemographic variables in-
cluded age, sex, educational history, working status,
household income, and marital status. Physical condition
variables included the locomotive syndrome as measured
by the Japanese Orthopedic Association method [14],
weight, height, body mass index (BMI), and menopause
status (female only). Locomotive syndrome was defined as
lowered activities of daily living caused by disabilities of
the locomotive organs and the risk of physical fragility
[15]. The syndrome was assessed by five symptoms includ-
ing pain, bone malformation, limitation of joint motion
range, muscle loss, and loss of balance. Health-related be-
havior variables included alcohol consumption, smoking,
and exercise. Subjectively assessed health condition vari-
ables included sleep disorder as measured by Pittsburgh
Sleep Quality Index [16,17], depression as measured by
the K6 [18], pain as measured by the Margolis rating sys-
tem [19], and other health-related complaints [6] with his-
tory of medical treatments and medications. Information
on care recipients and the caregiving situation was col-
lected from caregivers, including sex, age, activities of daily
living (ADL), instrumental activities of daily living (IADL),
LTCI-certified care level, average time spent caregiving
per day, or number of years of caregiving. The IADL was
assessed by an instrument developed by Lawton [20]; it
consists of 31 items in eight domains, such as making a
phone call or going shopping. As an indicator of service
use, we collected data on the amount of copayment spent
for LTC services. The copayment for service use was 10%
of the total cost under the LTCI.

Serum chemistry
The serum chemistry data used in this study were as
follows: low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
gamma-glutamyl transpeptidase (gamma-GTP), uric acid
(UA), creatinine (Cr) and glycosylated haemoglobin
(HbA1c). Each variable was recoded into a dichotom-
ous variable indicating whether the participant was
within or outside of the normal range, based on the
criteria described below.

Criteria for normalcy
High blood pressure The criterion for high blood pres-
sure was a blood pressure of 140 mmHg and more sys-
tolic (SBP) or 90 and more diastolic (DBP), based on the
guidelines of the Japanese Society of Hypertension [21].
We also included individuals taking anti-hypertensive
medications (receiving medication) in the high blood
pressure group.

eGFR The estimated glomerular filtration rate (eGFR) is
a test to evaluate chronic kidney disease (CKD), often
used in clinical practice or in epidemiological studies.
Lower eGFR is considered a risk factor for CKD [22]. In
this study, eGFR results calculated by standard formula
for Japanese [22] were dichotomized into either less than
60 mL/min/1.73 m2 or within the normal range. Any
participant with less than 60 mL eGFR was instructed to
consult a physician [22].
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Dyslipidemia Standard primary prevention criteria for
dyslipidemia were used: less than 40 mg/dL HDL-C or
120 mg/dL and more LDL-C [23]. We also included par-
ticipants being treated for dyslipidemia in the “dyslipid-
emia” group.

Liver function The criteria for liver function were as
follows: more than 30 IU/L AST, more than 30 IU/
LALT, or more than 50 IU/L γ-GTP, as recommended
by the Japan Society of Ningen Dock [24]. We also cate-
gorized participants being treated for liver function in
the out-of-normal-range group, with the exception of
viral hepatitis. We included those with viral hepatitis as
normal because their lowered liver function was not due
to caregiving responsibilities.

Hyperuricemia The criteria for hyperuricemia were ei-
ther a UA level of 7.0 mg/dL and more, as suggested by
the Japanese Society of Gout and Nucleic Acid Metabol-
ism [25], or the current treatment of hyperuricemia.

Diabetes The criteria for diabetes were either an HbA1c
level of 6.5% and more according to the Japan Diabetes
Society [26], or the current treatment of diabetes.

Data analyses
Since there was considerable difference between the
caregiver and non-caregiver groups in terms of age and
sex, we matched caregiver data to non-caregiver data
based on these two characteristics for the purposes of
the analyses, stratifying age into five year categories. We
analyzed the male and female data separately, because
previous studies have suggested biological and social sex
differences in caregivers’ attitudes and the burden of
caregiving, as well as the risk of the outcome variables [27].
Because the blood samples of the groups were ob-

tained using different methods, we transformed the data
in the caregivers’ sample using regression equations to
adjust for systematic errors [13,28] and improve meas-
urement reliability. Those regression equations were de-
veloped from separate blood samples from 48 persons
obtained using both methods. From the data, we devel-
oped the equation y=b + ax (with y as data with the
intravenous method used for non-caregivers and x as
data with the kit method used for caregivers), and ob-
tained estimates for “a” and “b.” The data of the care-
givers’ blood samples (x) was thus transformed and the
values obtained as y were used.
We first conducted bivariate analyses to examine the

differences in sociodemographic, physical condition,
health-related behavior and subjectively assessed health
condition variables between caregivers and non-caregivers.
Chi-square or Mann-Whitney U tests were used, depend-
ing on the type of data. Then, we conducted multivariate
conditional logistic regression, using the dichotomous var-
iables based on results of blood pressure and serum chem-
istry as outcome variables. In the regression model, in
addition to the caregiver or not variable as an explained
variable, we added the following control variables: educa-
tion, household income, work, marital status, history of
high blood pressure (eGFR model only), history of loco-
motive syndrome, BMI, menopause (only among females),
smoking, alcohol consumption, exercise, sleep disorder,
depression, pain, and indefinite complaints. All statistical
analyses were performed using SPSS version 19.0 (Chicago,
Illinois, IBM, USA).

Results
In total, we approached 220 caregivers and 219 non-
caregivers. Nine caregivers and one non-caregiver re-
fused to participate and three caregivers were excluded
due to the care recipients’ death or hospital admission at
the time of our first contact; we collected data from 208
caregivers and 218 non-caregivers. From this group, we
generated a dataset of 149 matched pairs of caregivers
and non-caregivers; the remaining unmatched data was
excluded from the analyses (Figure 2).

Subject characteristics
For male, the mean age was 67.3 (SD=9.1) among care-
givers and 67.0 (SD=9.2) among non-caregivers, respect-
ively. For female, the mean age was 61.4 (SD=10.1 and
10.2, respectively) in both groups.
The caregivers had less education (p < 0.001 for both

male and female) and less household income (p < 0.001
for both) than non-caregivers. Fewer male caregivers
were working than their non-caregiver counterparts
(p < 0.001) (Table 1). Male caregivers had lower BMIs
than non-caregivers (p=0.027), while female caregivers
had higher BMIs (p=0.037). More female caregivers
had locomotive syndrome (p=0.032), pain (p < 0.001)
and indefinite complaints (p=0.038) than non-caregiving
female. As for the care recipients, the mean age was 81.2
(SD=10.2) for male caregivers and 82.7 (SD=9.9) for
female caregivers, with 39.5% and 44.9% of care recipients
being bedbound, respectively. The male and female care-
givers spent an average 11.6 (SD=9.0) and 10.8 (SD=7.4)
hours per day providing care and had been providing care
for an average of 5.1 (SD=4.9) and 6.7 (SD=5.0) years
respectively.
The average copayment per month for service use

under LTCI was USD $186.10 (SD=$90.90) for the elderly
males receiving services, and USD $209.70 (SD=$106.90)
for those females receiving services (p=0.194) (Table 1).
The percentage of the used amount of the certified max-
imum allowable official services was 61.2% (SD=25.2) for
male caregivers and 65.6% (SD=28.4) for female caregivers
(p=0.265) (Table1).



Figure 2 Sampling process.
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Physical health based on blood pressure and serum
chemistry
Among male, significantly more caregivers had high
blood pressure than non-caregivers (p=0.005); however,
fewer caregivers had dyslipidemia (p=0.032) and liver
function disorder (p=0.002) than their non-caregiving
counterparts. Among female, the rates of those with
high blood pressure (p < 0.001) and those with lowered
eGFR (p < 0.001) were significantly higher in caregivers
than in non-caregivers; however, there were significantly
fewer female caregivers with dyslipidemia than female
non-caregivers (p=0.002) (Table 2).

Multivariate analyses
We conducted conditional logistic regression analyses,
controlling for sociodemographic characteristics and
health-related variable (see Statistical analyses section)
with forced entry method. Among females, significantly
more caregivers had high blood pressure (adjusted
OR=2.16, 95% CI [1.14, 4.08]) and lowered eGFR (ad-
justed OR=6.54, 95% CI [2.38, 17.91]) than the non-
caregivers (Table 3), even when controlling for other
variables. Among males, there was no difference be-
tween caregivers and non-caregivers in any conditional
logistic regression model.

Discussion
In this study, we investigated the physical health of fam-
ily caregivers using objective indicators. The results sug-
gested that female caregivers had a higher prevalence of
high blood pressure and low eGFR than non-caregiving
females. To the best of our knowledge, this is one of the
first studies to examine the objective health of family
caregivers in Japan.
Caregiving was a significant factor in high blood pres-

sure among females, even after adjusting for multiple re-
lated variables., For the first time in Japan, this study has
shown that caregiving has a significant association with
the health of caregivers, even taking other variables into
account [12,29]. Stress stimulates the sympathetic ner-
vous system and increases blood pressure [30,31]. The
present findings suggest that the stress experienced by
female caregivers is sufficiently severe to result in a sig-
nificant increase in the number of cases of high blood
pressure.
Caregiving was also significantly associated with low-

ered eGFR. A previous study showed a decline in eGFR
following major caregiving transitions [32], which is
somewhat similar to our finding. However, that study
showed a longitudinal change in eGFR, not a direct dif-
ference between caregiver and non-caregiver groups.
This study adds to those findings from a between-group
perspective. The finding that high blood pressure due to
caregiving stress leads to organic changes and a decline
in kidney function (i.e., lowered eGFR) is an important
result. As this condition progresses, it could lead to
pathological conditions such as chronic kidney disease
(CKD) [21,22]. Thus, this study suggests that caregiving
stress among female family caregivers may be significant
enough to lead to a functional decline of the kidneys, as



Table 1 Sociodemographic and health characteristics of participants and care recipients

Male Female

All (n=88) Caregivers
(n=44)

Non-caregivers
(n=44)

All (n=210) Caregivers (n=105) Non-caregivers
(n=105)

Participants p value p value

Demographics

Age (years) mean ± SD 67.1 ± 9.1 67.3 ± 9.1 67.0 ± 9.2 0.907 61.4 ± 10.2 61.4 ± 10.1 61.4 ± 10.2 0.972

Education (years) mean ± SD 13.8 ± 2.9 12.8 ± 2.7 14.8 ± 2.7 <0.001 13.4 ± 2.7 12.5 ± 2.2 14.3 ± 2.8 <0.001

Household income <US$ 50,000; n (%) 41 (48.2) 35 (83.3) 6 (14.0) < 0.001 108 (54.3) 73 (70.9) 35 (36.5) < 0.001

Work status employed; n (%) 41 (46.6) 10 (22.7) 31 (70.5) < 0.001 81 (39.5) 35 (33.3) 46 (46.0) 0.086

Marital status single; n (%) 19 (21.6) 15 (34.1) 4 (9.1) 0.008 61 (29.2) 30 (28.6) 31 (29.8) 0.880

Physical conditions

Locomotive syndrome n (%) 28 (31.8) 16 (36.4) 12 (27.3) 0.493 78 (37.1) 47 (44.8) 31 (29.5) 0.032

BMI (kg/m2) mean ± SD 23.5 ± 3.2 22.8 ± 3.3 24.3 ± 2.9 0.027 22.4 ± 3.6 22.9 ± 3.7 21.9 ± 3.4 0.037

Menopause n (%) - - - - 165 (78.9) 78 (74.3) 87 (83.7) 0.126

Health-related behaviors

Smoking n (%) 25 (28.4) 15 (34.1) 10 (22.7) 0.345 17 (8.1) 10 (9.5) 7 (6.7) 0.614

Alcohol n (%) 59 (67.8) 31 (72.1) 28 (63.6) 0.493 86 (41.0) 38 (36.2) 48 (45.7) 0.206

Exercise n (%) 37 (42.0) 17 (38.6) 20 (45.5) 0.666 68 (32.4) 26 (24.8) 42 (40.0) 0.027

Having annual health check-up n (%) 62 (73.8) 24 (57.1) 38 (90.5) 0.001 159 (77.9) 70 (67.3) 89 (89.0) < 0.001

Subjectively-assessed health

Sleep disorder (Pittsburgh Sleep
Quality Index)

n (%) 24 (34.3) 14 (34.1) 10 (34.5) 1.000 70 (37.4) 43 (41.7) 27 (32.1) 0.224

Depression (K6) n (%) 5 (5.9) 1 (2.3) 4 (9.8) 0.192 10 (4.8) 7 (6.7) 3 (2.9) 0.332

Pain (Margolis rating system)

(score range 0–45) mean ± SD 11.7 ± 6.1 12.6 ± 7.1 10.7 ± 4.7 0.164 14.2 ± 7.8 15.9 ± 8.8 12.4 ± 6.3 <0.001

Indefinite complaint > 4 syndromes; n (%) 29 (33.0) 16 (36.4) 13 (29.5) 0.651 102 (48.8) 59 (56.2) 43 (41.3) 0.038

Blood pressure

Systolic blood pressure (mmHg) mean ± SD 135.5 ± 17.4 144.1 ± 15.3 127.0 ± 15.2 <0.001 128.8 ± 20.0 137.7 ± 20.3 119.8 ± 15.2 <0.001

Diastolic blood pressure (mmHg) mean ± SD 81.5 ± 12.6 86.4 ± 12.9 76.6 ± 10.3 <0.001 77.9 ± 11.9 82.5 ± 12.4 73.4 ± 9.4 <0.001

Serum chemistry

Creatinine (mg/dl) mean ± SD 0.9 ± 0.2 0.9 ± 0.2 0.9 ± 0.2 0.725 0.7 ± 0.1 0.8 ± 0.1 0.7 ± 0.1 <0.001

Low-density lipoprotein cholesterol
(mg/dL)

mean ± SD 112.2 ± 21.6 108.7 ± 20.5 115.7 ± 22.3 0.156 120.2 ± 29.4 119.4 ± 27.7 121.0 ± 31.1 0.370

High-density lipoprotein cholesterol
(mg/dL)

mean ± SD 59.8 ± 15.6 64.7 ± 18.1 54.9 ± 10.8 0.014 75.3 ± 17.7 74.8 ± 16.8 75.9 ± 18.5 0.685
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Table 1 Sociodemographic and health characteristics of participants and care recipients (Continued)

Aspartate aminotransferase (IU/L) mean ± SD 23.1 ± 5.9 23.2 ± 4.3 23.1 ± 7.3 0.372 22.4 ± 7.0 22.3 ± 6.1 22.5 ± 7.7 0.782

Alanine aminotransferase (IU/L) mean ± SD 21.7 ± 12.5 19.2 ± 9.0 24.3 ± 14.9 0.105 18.2 ± 13.0 16.6 ± 11.9 19.8 ± 13.9 0.004

Gamma-glutamyl transpeptidase (IU/L) mean ± SD 41.2 ± 57.8 37.7 ± 73.7 44.6 ± 36.0 <0.001 23.6 ± 20.8 19.2 ± 19.7 28.0 ± 21.0 <0.001

Uric acid (mg/dL) mean ± SD 5.7 ± 1.5 5.0 ± 0.2 6.3 ± 1.2 <0.001 4.6 ± 1.2 4.3 ± 1.2 4.9 ± 1.1 <0.001

Glycosylated hemoglobin (%) mean ± SD 5.5 ± 0.7 5.4 ± 0.8 5.5 ± 0.6 0.111 5.3 ± 0.6 5.3 ± 0.7 5.3 ± 0.4 0.055

Care recipients

Female n (%) 42 (95.5) 56 (53.3) <0.001

Age (years) mean ± SD 81.2 ± 10.2 82.7 ± 9.9 0.430

ADL score (Barthel Index score)

(score range 0–100) mean ± SD 34.1 ± 31.4 32.5 ± 30.6 0.687

IADL score; male (score range 0–5) mean ± SD 0.0 0.9 ± 1.3 0.280

female (score range 0–8) mean ± SD 1.1 ± 1.5 0.8 ± 1.5 0.170

Certified care level 5 (bed-bound) n (%) 17 (39.5) 44 (44.9) 0.585

Hours per day caregiving mean ± SD 11.6 ± 9.0 10.8 ± 7.4 0.883

Duration of caregiving (years) mean ± SD 5.1 ± 4.9 6.7 ± 5.0 0.057

Copayment of formal caregiving
services use under LTCI per month (US$)

mean ± SD 186.1 ± 90.9 209.7 ± 106.9 0.194

Usage rate to the certified maximum
allowable services on each care level (%)

mean ± SD 61.2 ± 25.2 65.6 ± 28.4 0.265

SD: standard deviation, BMI: body mass index, ADL: activities of daily living, IADL: instrumental activities of daily living.
Percentages for each item were calculated after excluding missing values.
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Table 2 Caregiver versus non-caregiver physical health status based on blood pressure and serum chemistry

Male Female

All Caregivers Non-caregivers All Caregivers Non-caregivers

(n=88) (n=44) (n=44) (n=210) (n=105) (n=105)

n (%) n (%) n (%) p value n (%) n (%) n (%) p
value[n*] [n*] [n*] [n*] [n*] [n*]

High blood pressure (a) 50 (56.8) 32 (72.7) 18 (40.9) 0.005 89 (42.4) 60 (57.1) 29 (27.6) < 0.001

[receiving medication *] [28] [13] [15] [46] [22] [24]

eGFR < 60 (b) 13 (14.8) 7 (15.9) 6 (13.6) 1.000 60 (28.6) 50 (47.6) 10 (9.5) < 0.001

Dyslipidemia (c) 41 (46.6) 15 (34.1) 26 (59.1) 0.032 123 (58.6) 50 (47.6) 73 (69.5) 0.002

[receiving medication *] [12] [2] [10] [41] [11] [30]

Liver function disorder (d) 31 (35.2) 8 (18.2) 23 (52.3) 0.002 47 (22.4) 20 (19.0) 27 (25.7) 0.321

[receiving medication *] [9] [0] [9] [8] [1] [7]

Hyperuricemia (e) 21 (23.9) 8 (18.2) 13 (29.5) 0.317 6 (2.9) 2 (1.9) 4 (3.8) 0.683

[receiving medication *] [7] [4] [3] [0] [0] [0]

Hyperglycemia (f) 17 (19.3) 6 (13.6) 11 (25.0) 0.280 11 (5.2) 3 (2.9) 8 (7.6) 0.214

[receiving medication *] [15] [4] [11] [11] [3] [8]

(a) Systolic blood pressure (SBP) 140 and more or diastolic blood pressure (DBP) 90 and more or receiving medication.
(b) Less than 60 mL/min/1.73 m2.

(c) Less than 40 mg/dL HDL-C or 120 mg/dL LDL-C and more or receiving medication.
(d) More than 30 IU/L AST or more than 30 IU/L ALT or more than 50 IU/L γ-GTP or receiving medication with the exception of viral hepatitis.
(e) UA 7.0 mg/dL and more or receiving medication.
(f) HbA1c 6.5% and more or receiving medication.
* The number of persons receiving medication was included in the total number of persons above.

Table 3 Conditional logistic regression analysis of the
impact of caregiving on health

Male Female

Adjustedb OR Adjustedb OR

Outcome variablesa (95% CI) (95% CI)

High blood pressure 1.27 2.16

(0.34, 4.66) (1.14, 4.08)

eGFR < 60 0.50 6.54

(0.02, 16.68) (2.38, 17.91)

Dyslipidemia 1.04 0.75

(0.26, 4.21) (0.44, 1.27)

Liver function disorder 0.5 0.58

(0.07, 3.34) (0.26, 1.29)

Hyperuricemia 0.92 0.39

(0.08, 9.99) (0.03, 5.99)

Hyperglycemia 2.67 1.10

(0.16, 45.34) (0.06, 19.97)

eGFR: estimated glomerular filtration rate; OR: Odd Ratio; CI: Confidence
Interval; non-caregivers were the reference group.
ORs and 95% CIs were calculated using conditional logistic regression analysis.
aFor all analyses, caregiver1.
bAdjusted for years’ education, household income, work status, marital status,
a history of locomotive syndrome, body mass index, menopause (only among
females), smoking, alcohol, exercise, sleep disorder, depression (K6), pain,
indefinite complaints, and a history of high blood pressure (only for eGFR)
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well as high blood pressure. Similarly, other research has
suggested that stress may also increase the risk of cere-
bral, cardiovascular, and kidney diseases [33-35].
Among male caregivers, significant differences were

observed in the prevalence of high blood pressure but
not lower eGFR, and the prevalence of high blood pres-
sure among male caregivers was substantially higher
than Japanese national rates [36]. After adjusting for
control variables, however, there were no significant
group differences. Further examination is needed with a
more representative sample, because our male sample
size was relatively small despite our best efforts to sam-
ple male caregivers. Previous reports have suggested a
heightened risk of high blood pressure [29] and a decline
in eGFR [32] among both male and female caregivers.
In this study, although female caregivers used the

same amount of LTCI services as male caregivers, they
had more healthcare problems than non-caregivers; male
caregivers and non-caregivers did not show this differ-
ence. Past research has demonstrated that male care-
givers report less burden than their female counterparts
[37], even when caring for older relatives with more se-
vere conditions [38]; husband caregivers tend to rate
care more positively than wife caregivers, using the coping
strategy of willing commitment [9]. In Japanese society, fe-
males are traditionally expected to accept the family care-
giver role; as a result, female caregivers may be more
burdened, receive less support from professional caregivers,
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or feel they are taking on the caregiving role against their
will [7] despite social service use. The additional burden
and stress posed by these situations may compromise their
health. Further research is needed to clarify the gender dif-
ferences in the impact of caregiving on health conditions
(especially high blood pressure and eGFR), especially
among Japanese caregivers.
Other than high blood pressure and eGFR, no signifi-

cant differences were observed between caregivers and
non-caregivers in dyslipidemia, liver function disorder,
hyperuricemia, or hyperglycemia in either gender. A pre-
vious study showed that caregiving did not have a sig-
nificant association with dyslipidemia or hyperglycemia
[12], but there have been no studies examining the asso-
ciation between caregiving and liver function disorder or
hyperuricemia.
Concerning the caregivers’ use of health services, the

previous study reported female caregivers had no time
for physical health check-ups [12]. In this study, the
caregivers had fewer annual health check-ups than non-
caregivers (Table 1). In addition to the existing LTCI
services aimed at reducing caregiver burden, additional
services are needed for caregivers, especially female
caregivers, in order to prevent disease and to improve
their health. For example, special arrangements may be
necessary for them to receive health check-ups.
To clarify the results in this study, these indicators

should be examined based on caregiving in a large repre-
sentative sample rather than comparing caregivers to
non-caregivers as two homogeneous groups. Moreover,
further studies should examine additional health indica-
tors such as ambulatory blood pressure monitoring and
nutrition intake over time to better understand the
causal association of caregiving on physical health.

Limitations
Our caregiver subjects were recruited via long-term care
service agencies; they may be in better health than those
who do not use such services. Non-caregivers used
health check-ups at the university hospital and were
probably of higher socio-economic status than the gen-
eral public, which might have led to better health. More-
over, the non-caregiver subjects had significantly more
education, higher rates of employment and marriage,
and higher income than caregivers. Thus, we may have
overestimated the difference between the two groups.
In order to pay due attention to these differences, we

not only controlled for the socioeconomic status (SES)
in the final analyses, we attempted a variety of analytic
techniques (i.e., stratified analyses according to income,
conditional logistic regression analyses using incremen-
tal and decremental methods, and propensity scores).
We obtained almost identical results. We compared the
rates of those with high blood pressure to national data,
and the caregivers had higher rates than general public
for almost every stratified generation [36]. With these
analyses, we concluded that the caregivers’ blood pressure
and eGFR were different from non-caregivers. Further
examination using community representative samples
should be conducted.
Another limitation was the use of a kit for collecting

blood samples from caregivers versus intravenously
drawn blood from non-caregivers. Despite the statistical
adjustment of the values in caregiver data, we might not
have been able to correct different calibrations accur-
ately. Finally, since this study was conducted by cross-
sectional survey, we could not confirm causal effect; we
need further studies to clarify causal effects of caregiving
on caregiver health.
Despite these limitations, this study is one of the first

attempts to evaluate objective health conditions among
Japanese family caregivers who tend not to attend such
occasions as community health check-ups and are thus
difficult to research. The findings might suggest the need
for additional support for those family caregivers, al-
though more research with a more representative sample
should be conducted.

Conclusions
The results of this study indicate that female caregivers
have a higher prevalence of high blood pressure and
lowered eGFR than non-caregivers; these conditions
could lead to cerebral, cardiovascular, or kidney diseases.
This is one of the first reports of the possible negative
association of caregiving on the objective health out-
comes of families in Japan. In addition to the existing
LTCI services aiming to reduce the caregiver burden,
additional services are needed to assist caregivers, espe-
cially female, in order to prevent disease and improve
health. More studies are needed to help develop ways to
assist caregivers, since the stress of family caregiving and
the associated health risks make them likely to become
the next generation of care recipients.
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