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ARTICLE INFO ABSTRACT

Keywords: Few studies consider socioeconomic status when assessing mortality risk in dyslipidemia cases. This study used
Socioeconomic status cohort data from the 2010 Japan Gerontological Evaluation Study (JAGES), which contains data on older Jap-
Dyslipidemia anese people, to associate socioeconomic status with mortality risk in patients treated for dyslipidemia. In this 6-
I?Algr:ﬁ,’f;ple year longitudinal study, we examined 47,275 older Japanese people aged > 65 years who could independently

perform activities of daily living. Patients’ background characteristics were classified based on their dyslipidemia
treatment status and were assessed using the chi-squared test. The mortality risk was assessed using the Cox
proportional hazards model, wherein the objective and explanatory variables were total mortality and self-report
of dyslipidemia treatment, respectively. The participants were stratified by sex and age into younger (aged
65-74 years) and older (aged > 75 years) groups of men and women. The results were adjusted, with health
condition, health behavior, and socioeconomic status as confounding factors. The adjusted hazard ratios of 5514
people who died during the follow-up who had self-reported dyslipidemia treatment were 0.49 [95% confidence
interval (CI) 0.35-0.69] for younger men; 0.57 (95% CI 0.42-0.76) for older men; 0.52 (95% CI 0.34-0.80) for
younger women; and 0.47 (95% CI 0.33-0.67) for older women. Older people undergoing treatment for dysli-
pidemia had factors beneficial for health, such as good socioeconomic status. Despite considering these factors,
individuals undergoing dyslipidemia treatment had a negative association with mortality risk.

1. Introduction

Coronary artery disease and cerebrovascular disease are the pre-
dominant causes of death worldwide (World Health Organization, 2020)
and also in the Japanese population (Ministry of Health Labor and
Welfare, 2019). Therefore it is important for patients to manage dysli-
pidemia, which is also a major risk factor for arteriosclerotic disease.
Globally, the recommended drug therapies for managing dyslipidemia
are secondary prophylactics, which are aimed at preventing the recur-
rence of arteriosclerotic diseases, particularly coronary artery disease
and cerebrovascular disease, and primary prophylactics for patients at
high risk of developing arteriosclerotic diseases (Kinoshita et al., 2018;
United States Preventive Services Task Force, 2016; Arnett et al., 2019;

Mach et al., 2019). According to the Japanese guidelines for managing
dyslipidemia, primary prophylaxis against arteriosclerotic diseases is
effective in younger people, but its benefits are not apparent in older
people, for whom the decision is left to the primary care physician
(Kinoshita et al., 2018). The effectiveness of primary prophylaxis against
arteriosclerotic diseases among older individuals remains debatable
because of the impact of aging on prognoses and the lack of evidence on
primary prophylaxis (Kinoshita et al., 2018).

In Japan, the health insurance system (Ministry of Health Labor and
Welfare. Health insurance) covers all Japanese individuals; in addition,
a long-term care insurance system (Ministry of Health Labor and Wel-
fare. Long-term care, health and welfare services for the elderly) covers
people aged > 65 years and those aged > 40 years having a specific
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disease. Patients must pay 10%-30% of the costs of treatment and long-
term care based on their income. These insurance programs do not cover
preventive care; however, the Japanese government supports the costs
of specific health checkups, (Ministry of Health Labor and Welfare.
Specific health checkups and specific health guidance) which include
dyslipidemia and diabetes testing, and about 50% of this target popu-
lation undergoes these health checkups for preventive care (Ministry of
Health Labor and Welfare. Implementation status of specific health
checkups and specific health guidance on, 2019). In Japan, patients can
go to any hospital and choose their physician based on their symptoms;
however, their income may limit which physician they choose (Murata
et al., 2010).

Social factors have an impact on health and mortality (Schroeder,
2007); in particular, socioeconomic status has been reported to be a
social determinant of health (World Health Organization, 2008; Minis-
try of Health Labor and Welfare, 2013). Socioeconomic status is also
associated with hypertension and diabetes (Tedesco et al., 2001; Nag-
amine et al., 2019), which are lifestyle-related diseases. In studies
assessing coronary artery disease and mortality risk that have been
conducted to establish the Japanese guidelines for managing dyslipi-
demia, identified risk factors included health conditions (other diseases,
such as hypertension, diabetes, cardiovascular disease, and stroke);
body mass index (BMI); and behaviors such as smoking, alcohol con-
sumption, and exercise (Imamura et al., 2009; Imano et al., 2011;
Yokokawa et al., 2011). However, most previous studies did not
consider socioeconomic status. It is therefore unclear whether socio-
economic status affects the onset of coronary artery disease or the risk of
mortality in older individuals treated for dyslipidemia and whether it
has an impact on the treatment of older people.

In terms of the association between cholesterol level and socioeco-
nomic status, a study conducted in the United Kingdom reported that a
high socioeconomic status group had high total cholesterol levels and
low triglyceride levels, total mortality, and risk of mortality from cor-
onary artery disease (Stringhini et al., 2018). In a similar report from
Japan, low-income men had a high prevalence of high total cholesterol
levels; however, there were no associations observed with other socio-
economic statuses or between socioeconomic status and women'’s health
conditions (Fujiyoshi et al., 2018). Although these studies assessed the
association between total cholesterol levels and socioeconomic status,
total cholesterol levels are not appropriate for assessing this risk because
they also include high-density lipoprotein cholesterol levels; therefore,
they have been excluded from the diagnostic criteria for dyslipidemia
since 2007. It is therefore unclear whether the individuals in groups with
high total cholesterol levels included in the above studies experienced
dyslipidemia. In another study that focused on self-reported question-
naires from 5759 Japanese people from 10 municipalities aged > 50
years, 12% of the participants were diagnosed with dyslipidemia and 6%
were undergoing dyslipidemia treatment at that time, and disposable
household income, high education level, and health checkup in the past
year were found to have positive associations with the diagnosis of
dyslipidemia (Ibuka et al., 2020); however, mortality risk was not
assessed.

In the present study, therefore, longitudinal data on older Japanese
people were used to investigate the socioeconomic status of older pa-
tients undergoing treatment for dyslipidemia to evaluate the association
between mortality risk and socioeconomic status.

2. Methods
2.1. Study population

The present study was a longitudinal cohort study that used data
from the Japan Gerontological Evaluation Study (JAGES) cohort
(Kondo, 2016; Kondo and Rosenberg, 2018). The JAGES is an epide-
miological survey conducted with an emphasis on studying the social
determinants of health in older Japanese people.
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Between August 2010 and January 2012, a self-administered survey
was distributed via mail to 95,827 older individuals aged > 65 years
who were living in 13 municipalities and who had not been certified as
requiring long-term care. A total of 62,418 responses were obtained
(response rate: 65.1%). The follow-up period was approximately 6 years
(shortest: 5.2 years; longest: 6.6 years). Data from long-term care in-
surance provided a basis for tracking mortality in 54,537 (87.4%) peo-
ple. The included participants were older individuals who
independently performed activities of daily living and in whom it was
possible to determine whether they were reportedly undergoing treat-
ment for dyslipidemia; the excluded participants were those whose
status of disease treatment during the survey was unclear (n = 5373),
those who had been receiving treatment for an unknown disease (n =
301), and those who lacked independence in activities of daily living (n
= 869) or whose independence was unclear (n = 719). Those who had
indicated that they were not undergoing treatment for any disease but
whose responses to subsequent questions indicated that they were un-
dergoing treatment for certain diseases were deemed to be undergoing
treatment for those diseases. Ultimately, 47,275 participants were
included in the analysis (Fig. 1). During the follow-up period, 791 par-
ticipants dropped out for reasons other than death.

2.2. Mortality outcome

The objective variable was total mortality during the follow-up
period. Total mortality was tracked from each municipality’s database
for long-term care insurance, similar to other JAGES studies (Tani et al.,
2018; Nagamine et al., 2020; Tani et al., 2018). Of the participants
under examination, 5514 (11.7%) deaths were reported.

2.3. Status of dyslipidemia treatment

The explanatory variable was dyslipidemia treatment. We checked
the dyslipidemia treatment status of each participant included in the
JAGES cohort study, which was a self-administered survey. If the par-
ticipants chose the survey option that indicated that they were under-
going treatment for dyslipidemia (regarded as “dyslipidemia”
hereinafter due to changes in medical terminology) among the diseases
listed in the survey, then they were considered to be undergoing treat-
ment for dyslipidemia.

2.4. Covariates
Based on prior studies (Kinoshita et al., 2018; United States Pre-

ventive Services Task Force, 2016; Arnett et al., 2019; Mach et al., 2019;
Stringhini et al., 2018; Fujiyoshi et al., 2018; Ibuka et al., 2020) the

Number of survey questionnaires distributed at baseline (n = 95,827)

Number of questionnaires collected (n = 62,418; response rate, 65.1%)

Questionnaires that could not be linked to mortality data (n = 7881)

v

Patients enrolled for cohort assessment (n = 54,537; follow-up rate, 87.4%)

A 4

Treatment status/disease items missing (n = 5674)

A 4

Non-independent in basic ADL (n = 869), ADL data missing (n = 719)

v

Background/mortality risk analysis patients (n = 47,275; mortality: n = 5514)

Fig. 1. Flowchart showing the selection of patients for the study cohort.
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adjusted confounding factors for dyslipidemia and mortality were age,
sex, self-report of receiving disease treatment (hypertension, diabetes,
heart disease, stroke, cancer, or liver disease), depressive tendency, BMI,
alcohol consumption, and smoking status. Because of the differences
between younger (age 65-74 years) and older (age > 75 years) partic-
ipants (Kinoshita et al., 2018) and between male and female participants
in terms of the outcomes of dyslipidemia treatment, (Kinoshita et al.,
2018; United States Preventive Services Task Force, 2016; Arnett, 2019;
Mach et al., 2019) the participants were stratified based on age and sex.
The depressive tendency was defined as a score of > 5 or < 4 on the
geriatric depression scale (Nyunt et al., 2009), and BMI was stratified as
> 25 or < 25 kg/m>

The health behaviors surveyed included a history of health checkups
(visits within the past year or more), walking time (>30 min or < 30 min
daily), frequency of consuming meat/fish (>1 time or < 1 time daily),
and frequency of consuming fruits/vegetables (>1 time or < 1 time
daily). Questions regarding socioeconomic status included those on
equivalized income [>2 million Japanese Yen (JPY) or < 2 million JPY],

Table 1
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educational level (>10 years or < 10 years), employment status
(working or not), and marital status (married or not) as social de-
terminants of health.

2.5. Statistical analysis

First, we used the chi-squared test to assess the background charac-
teristics of the patients undergoing treatment for dyslipidemia. Next, we
employed a Cox proportional hazards model to assess the hazard ratio
(HR) and 95% confidence interval (CI) for the 6-year mortality risk
based on whether the participants were treated for dyslipidemia. In the
regression analysis, we used self-reported treatment of diseases (hy-
pertension, diabetes, heart disease, stroke, cancer, and liver disease),
depressive tendency, BMI, alcohol consumption, and smoking status as
confounding factors based on prior research conducted on dyslipidemia
(Model 1). A history of health checkup visits, walking time, frequency of
consuming meat/fish, and frequency of consuming fruits/vegetables, as
health behaviors, were also considered confounding factors (Model 2).

Participants’ background characteristics based on data from the 2010 Japan Gerontological Evaluation Study.

Men (n = 22,219)

Women (n = 25,056)

Self-reported dyslipidemia treatment Yes (n = 1,609) No (n = 20,610) P values Yes (n = 3,218) No (n = 21,838) P values
n (%) n (%) n (%) n (%)

Age (years) 65-69 520 (32.3) 5969 (29.0) < 0.001 1078 (33.5) 5932 (27.2) <0.001
70-74 520 (32.2) 6240 (30.3) 1027 (31.9) 6568 (30.1)
75-79 344 (21.4) 4611 (22.4) 693 (21.5) 4963 (22.7)
80-84 177 (11.0) 2666 (12.9) 314 (9.8) 2861 (13.1)
>85 48 (3.0) 1124 (5.5) 106 (3.3) 1514 (6.9)

Depressive tendency (GDS >5) Yes 395 (24.6) 4985 (24.2) 0.006 732 (22.8) 4731 (21.7) <0.001
No 1047 (65.1) 13049 (63.3) 1975 (61.4) 12854 (58.9)
Missing data 167 (10.4) 2576 (12.5) 511 (15.9) 4253 (19.5)

BMI (kg/mz) <18.5 31 (1.9 1184 (5.8) < 0.001 142 (4.4) 2006 (9.2) <0.001
>18.5 to <25 1058 (65.8) 14436 (70.0) 2218 (68.9) 14448 (66.2)
>25 496 (30.8) 4320 (21.0) 769 (23.9) 4260 (19.5)
Missing data 24 (1.5) 670 (3.3) 89 (2.8) 1124 (5.2)

Smoking status Yes 220 (13.7) 3876 (18.8) < 0.001 60 (1.9) 706 (3.2) <0.001
No 1285 (79.9) 15243 (74.0) 2849 (88.5) 18418 (84.3)
Missing data 104 (6.5) 1491 (7.2) 309 (9.6) 2714 (12.4)

Drinking status Yes 901 (56.0) 10955 (53.2) 0.038 469 (14.6) 3055 (14.0) 0.040
No 615 (38.2) 8453 (41.0) 2583 (80.3) 17475 (80.0)
Missing data 93 (5.8) 1202 (5.8) 166 (5.2) 1308 (6.0)

Equivalized income (million JPY) <2 562 (34.9) 8523 (41.4) < 0.001 1204 (37.4) 8766 (40.1) <0.001
>2to <4 678 (42.1) 7505 (36.4) 1157 (36.0) 6102 (27.9)
>4 220 (13.7) 2136 (10.4) 347 (10.8) 1879 (8.6)
No response 149 (9.3) 2446 (11.9) 510 (15.9) 5091 (23.3)

Employed Yes 463 (28.8) 5777 (28.0) < 0.001 456 (14.2) 3471 (15.9) <0.001
No 1089 (67.7) 13279 (64.4) 2353 (73.1) 14405 (66.0)
Missing data 57 (3.5) 1534 (7.4) 409 (12.7) 3962 (18.1)

Educational attainment (years) <6 15 (0.9) 294 (1.4) < 0.001 42 (1.3) 677 (3.1) <0.001
6-9 526 (32.7) 8927 (43.3) 1312 (40.8) 10719 (49.1)
>10 553 (34.4) 6498 (31.5) 1335 (41.5) 7191 (32.9)
>13 496 (30.8) 4525 (22.0) 472 (14.7) 2644 (12.1)
Missing data 19 (1.2) 366 (1.8) 57 (1.8) 607 (2.8)

Marital status Has a spouse 1417 (88.1) 17622 (85.0) 0.004 2012 (62.5) 12555 (57.5) <0.001
No spouse 185 (11.5) 2726 (13.2) 1179 (36.6) 8830 (40.4)
Missing data 7 (0.49) 262 (1.3) 27 (0.8) 453 (2.1)

History of health checkup visits Within past year 1100 (68.4) 11633 (56.4) < 0.001 2275 (70.7) 12057 (55.2) <0.001
More than 1 year 335 (20.8) 5218 (25.3) 526 (16.4) 4863 (22.3)
No 137 (8.5) 3143 (15.3) 309 (9.6) 3898 (17.9)
Missing data 37 (2.3) 616 (3.0) 108 (3.4) 1020 (4.7)

Meat/fish consumption <3 times weekly 508 (31.6) 7283 (35.3) 0.009 872 (27.1) 7093 (32.5) <0.001
4-6 times weekly 354 (22.0) 4678 (22.7) 706 (21.9) 4778 (21.9)
Once daily or more 647 (40.2) 7354 (35.7) 1486 (46.2) 8731 (40.0)
Missing data 100 (6.2) 1295 (6.3) 154 (4.8) 1236 (5.7)

Fruit/vegetable consumption <3 times weekly 119 (7.4) 2007 (9.7) 0.077 97 (3.0) 1252 (5.7) <0.001
4-6 times weekly 206 (12.8) 2831 (13.7) 279 (8.7) 2028 (9.3)
Once daily or more 1191 (74.0) 14600 (70.8) 2692 (83.7) 17455 (79.9)
Missing data 93 (5.8) 1172 (5.7) 150 (4.7) 1103 (5.1)

Walking time >30 min 1045 (65.0) 13371 (64.9) 0.336 992 (30.8) 7062 (32.3) <0.001
<30 min 488 (30.0) 6233 (30.2) 2050 (63.7) 13238 (60.6)
Missing data 76 (4.7) 1006 (4.9) 176 (5.5) 1538 (7.1)

BMI, body mass index; GDS, geriatric depression scale.
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Finally, we also considered socioeconomic status, including equivalized
income, educational level, employment status, and marital status, which
are social determinants of health, as confounding factors (Model 3).

STATA/SE V.16 (Stata Corp, College Station, TX, USA) was used for
the statistical analysis, with the level of significance set at 5%.

2.6. Ethical considerations

The study protocol for the JAGES project was approved by the ethics
committees of the Nihon Fukushi University (10-05) and the National
Center for Geriatrics and Gerontology (992-2).

3. Results

Table 1 shows the participants’ descriptive statistics. Of 47,275
participants, 22,219 were men and 25,056 were women. A total of 1609
(7.2%) men and 3218 (12.8%) women were reported to be treated for
dyslipidemia.

The mean age of those being treated for dyslipidemia was 72.9
(standard deviation [SD] 5.5) years, which is younger than that of those
not undergoing treatment (74.0 [SD 6.1] years). We observed that some
55% of those being treated for dyslipidemia were obese. On comparing
the health-related behaviors of those undergoing dyslipidemia treat-
ment versus those who were not, we found that more patients under-
going treatment consumed alcohol (men, 56.0% vs. 53.2%; women,
14.6% vs. 14.0%), few smoked (men, 13.7% vs. 18.8%; women, 1.9% vs.
3.2%), many had a history of visits for health/wellness checkups in the
past year (men, 68.4% vs. 56.4%; women, 70.7% vs. 55.2%), many
consumed meat/fish at least once daily (men, 40.2% vs. 35.7%; women,
46.2% vs. 40.0%), many consumed fruits/vegetables at least once daily
(men, 74.0% vs. 70.8%; women, 83.7% vs. 79.9%), and more women
walked for at least 30 min daily (30.8% vs. 32.3%). In terms of socio-
economic status in those undergoing dyslipidemia treatment compared
with those who were not, many had high equivalized income (>4
million JPY: men, 13.7% and 10.4%, respectively; women, 10.8% and
8.6%, respectively), attained a high level of education (>13 years: men,
30.8% and 22.0%, respectively; women, 14.7% and 12.1%, respec-
tively), and were not working (men, 67.7% and 64.4%, respectively;
women, 73.1% and 66.0%, respectively). In terms of marital status,
many patients who were undergoing dyslipidemia treatment had a
spouse (men, 88.1%; women, 62.5%) compared with those who were
not under treatment (men, 85.0%; women, 57.5%).

Table 2 shows the results of the Cox proportional hazards models
assessing mortality risk in individuals treated for dyslipidemia. The
adjusted HRs for 5514 patients undergoing self-reported dyslipidemia
treatment who died during follow-up were 0.49 (95% CI 0.35-0.69) for
younger men; 0.57 (95% CI 0.42-0.76) for older men; 0.52 (95% CI
0.34-0.80) for younger women; and 0.47 (95% CI 0.33-0.67) for older
women. Regardless of age and sex, self-reported dyslipidemia treatment
exhibited a negative association with mortality risk in all models: a
crude model, Model 1 adjusted for health conditions, Model 2 adjusted

Table 2
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for health behaviors in addition to Model 1, and Model 3 adjusted for
socioeconomic status and marital status in addition to Model 2. Even
when participants who died within 2 years were excluded, the results
were the same in all models. In Model 3, the adjusted HRs were 0.53
(95% CI 0.36-0.78) for younger men, 0.44 (95% CI 0.30-0.64) for older
men, 0.61 (95% CI 0.39-0.97) for younger women, and 0.42 (95% CI
0.28-0.64) for older women.

Table 3 shows the HRs for moderator variables, excluding dyslipi-
demia treatment. Although self-reported cancer and liver disease treat-
ment, along with depressive tendency, had a negative association with
mortality risk, treatment for hypertension or diabetes had either a slight
or no association with mortality risk. For socioeconomic status, equiv-
alized income had a negative association with mortality risk in younger
people; however, education level, employment status, and marital status
were unrelated to mortality risk.

4. Discussion

The present study reveals that individuals being treated for dyslipi-
demia have certain factors related to health behaviors and socioeco-
nomic status, such as not smoking, a history of health checkups, and
educational attainment, which are beneficial for their health. Consid-
ering health conditions, health behaviors, and socioeconomic status,
treatment for dyslipidemia was confirmed to have a negative relation-
ship with mortality risk.

Regarding health-related behaviors of those undergoing dyslipide-
mia treatment versus those who were not, many individuals had un-
dergone health or wellness checkups in the past year (men 68.4% vs.
56.4%; women 70.7% vs. 55.2%). Moreover, in terms of socioeconomic
status, many individuals had high equivalized incomes (>4 million JPY:
men, 13.7% vs. 10.4%; women, 10.8% vs. 8.6%) and attained high levels
of education (>13 years: men, 30.8% vs. 22.0%; women, 14.7% vs.
12.1%). The estimated number of dyslipidemia patients in Japan was
2.25 million in 2017, (Ministry of Health Labor and Welfare, 2017) i.e.,
approximately 1.8% of the population, (Ministry of Health Labor and
Welfare, 2017) and 33.6% of people were found to have hypercholes-
terolemia during wellness visits (Sasamori et al., 2015). Dyslipidemia
has few subjective symptoms unless there are complications, and Jap-
anese people have a low incidence of coronary artery disease and ce-
rebrovascular disease (Ueshima et al., 2008); therefore, it is likely that
many cases are identified by chance during health checkups. Our results
are consistent with findings of reports stating that disposable household
income, high levels of education, and health checkups within the past
year have positive relationships with the diagnosis of dyslipidemia
(Ibuka et al., 2020). Therefore, individuals who engage in health be-
haviors such as visiting clinics for health checkups, and those who are
socioeconomically privileged to afford health checkup visits, are more
likely to be diagnosed with dyslipidemia.

The present study reveals that, despite considering factors such as
health condition, health behaviors, and socioeconomic status, self-
reported dyslipidemia treatment showed a negative association with

Hazard ratios for mortality risk in individuals treated for dyslipidemia: results of Cox proportional hazards models.

Men (age 65-74) Men (age > 75)

Women (age 65-74) Women (age > 75)

HR (95% CI) P values HR (95% CI) P values HR (95% CI) P values HR (95% CI) P values
Crude 0.54 (0.41-0.71) <0.001 0.67 (0.55-0.82) <0.001 0.39 (0.28-0.56) <0.001 0.67 (0.55-0.82) <0.001
Model 1 0.51 (0.38-0.69) <0.001 0.60 (0.47-0.77) <0.001 0.49 (0.33-0.72) <0.001 0.59 (0.46-0.76) <0.001
Model 2 0.49 (0.36-0.68) <0.001 0.58 (0.45-0.76) <0.001 0.47 (0.32-0.71) <0.001 0.56 (0.42-0.74) <0.001
Model 3 0.49 (0.35-0.69) <0.001 0.57 (0.42-0.76) <0.001 0.52 (0.34-0.80) 0.002 0.47 (0.33-0.67) <0.001

BMI, body mass index; CI, confidence interval; HR, hazard ratio.
#Model 1: Crude model + self-reported as being treated for different diseases (hypertension, diabetes, stroke, heart disease, cancer, liver disease), depressive tendency,

BMI, drinking, and smoking.

Model 2: Model 1 + history of health checkup visits, walking time, and frequency of meat/fish and fruit/vegetable consumption.

Model 3: Model 2 + equivalized income, educational attainment, employment status, and marital status.
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Hazard ratios of moderator variables for mortality risk: results of Cox proportional hazards models.

Men (age 65-74)

Men (age > 75)

Women (age 65-74) Women (age > 75)

HR (95% CI) P values HR (95% CI) P values HR (95% CI) P values HR (95% CI) P values

Hypertension 0.93 (0.80-1.08) 0.345 0.89 (0.79-1.01) 0.065 1.06 (0.82-1.37) 0.640 0.87 (0.73-1.03) 0.107
Diabetes 1.24 (1.03-1.50) 0.021 1.13 (0.97-1.32) 0.122 0.93 (0.62-1.38) 0.718 1.10 (0.85-1.44) 0.464
Heart disease 1.32(1.08-1.61) 0.006 1.35(1.18-1.55) <0.001 2.09 (1.45-3.02) <0.001 1.21 (0.95-1.54) 0.123
Stroke 1.24 (0.77-2.02) 0.378 1.46 (1.04-2.05) 0.027 1.38 (0.34-5.63) 0.650 0.99 (0.32-3.10) 0.993
Cancer 3.94 (3.22-4.81) <0.001 1.74 (1.45-2.08) <0.001 6.27 (4.46-8.80) <0.001 2.74 (1.96-3.82) <0.001
Liver disease 2.47 (1.86-3.28) <0.001 1.39 (1.01-1.92) 0.040 4.63 (2.96-7.26) <0.001 1.43 (0.86-2.35) 0.164
Depressive tendency 1.56 (1.34-1.82) <0.001 1.37 (1.21-1.55) <0.001 1.21 (0.93-1.58) 0.148 1.85 (1.55-2.21) <0.001

(GDS > 5)
BMI (>25Kg/m?) 0.85 (0.71-1.02) 0.073 0.68 (0.58-0.80) <0.001 0.91 (0.67-1.23) 0.526 0.83 (0.66-1.05) 0.272
Drinking 1.00 (1.00-1.00) 0.674 1.00 (1.00-1.00) 0.231 1.01 (0.87-1.17) 0.918 1.00 (1.00-1.00) 0.623
Smoking 1.39 (1.18-1.62) <0.001 1.00 (1.00-1.00) 0.166 2.95 (1.99-4.36) <0.001 1.51 (0.94-2.42) 0.091
Health checkup 1.00 (1.00-1.00) 0.743 1.00 (1.00-1.00) 0.622 1.00 (1.00-1.00) 0.802 1.00 (1.00-1.00) 0.774

within past 1 year
Walking > 30 min 1.00 (1.00-1.00) 0.744 1.00 (1.00-1.00) 0.651 1.00 (1.00-1.00) 0.842 1.00 (1.00-1.00) 0.001
Meat/fish daily 1.00 (1.00-1.00) 0.446 1.00 (1.00-1.00) 0.470 1.00 (1.00-1.00) 0.205 1.00 (1.00-1.00) 0.026
Fruits/vegetables daily 1.00 (1.00-1.01) 0.798 1.00 (1.00-1.00) 0.888 1.00 (1.00-1.00) 0.696 1.00 (1.00-1.00) 0.945
Equivalized income 0.82 (0.71-0.95) 0.009 1.02 (0.91-1.15) 0.747 0.61 (0.48-0.78) <0.001 1.19 (1.00-1.42) 0.051

>2 million JPY
Educational attainment > 10 years 1.00 (1.00-1.00) 0.864 1.00 (1.00-1.00) 0.764 1.00 (0.99-1.01) 0.834 1.00 (1.00-1.00) 0.970
Employed 1.00 (1.00-1.00) 0.213 1.00 (1.00-1.00) 0.931 1.00 (1.00-1.01) 0.876 1.00 (1.00-1.01) 0.809
Have a spouse 1.00 (1.00-1.01) 0.842 1.00 (1.00-1.00) 0.037 1.00 (0.99-1.01) 0.901 1.00 (1.00-1.00) 0.730

BMI, body mass index; CI, confidence interval; GDS, geriatric depression scale; HR, hazard ratio; JPY, Japanese Yen.

mortality risk. In the present study, a high proportion of the participants
being treated for dyslipidemia were obese, and only 1.9% of men and
4.4% of women were slim, a finding that is consistent with leanness
being a mortality risk for older people (Nagai et al., 2010; Murayama
et al., 2015); older men with BMI > 25 kg/m2 as a moderator variable
showed a negative relationship with mortality risk, with an HR of 0.68
(95% CI 0.58-0.80, p < 0.001). Liver disease could be another relevant
factor for the increase in total mortality risk due to the low total
cholesterol levels in Japanese people (Okamura et al., 2007). In the
present study, however, individuals being treated for dyslipidemia had a
low mortality risk even when health behaviors and health conditions
such as BMI, liver disease, and cancer were considered. Despite adjust-
ing for health conditions, health behaviors, and socioeconomic status
based on prior research, those who self-reported receiving dyslipidemia
treatment had a low mortality risk, suggesting the presence of unex-
plained factors that lower the mortality risk.

Low-density lipoprotein cholesterol and triglycerides are risk factors
for coronary artery disease and cerebrovascular disease (Imamura et al.,
2009; Sarwar et al., 2007); therefore, the presence of atherosclerosis
does not lower mortality risk. Dyslipidemia drugs might have thera-
peutic effects and could explain the results. Individuals treated for hy-
pertension and diabetes, however, did not show a decrease in mortality
risk in the present study; therefore, there might be certain dyslipidemia-
specific factors other than drug therapy. The preventive effects of dys-
lipidemia drug therapy against arteriosclerotic disease in older people
remain unclear, (Kinoshita et al., 2018) and there are other possibilities
beyond the effects of drug therapy. Dyslipidemia has few subjective
symptoms unless there are complications and adherence to statin ther-
apy is poor compared with that to other cardiovascular disease medi-
cations (Chowdhury et al., 2013). Therefore, the participants receiving
dyslipidemia treatment may have higher health consciousness than
those not treating their dyslipidemia just because they do not know that
they have a chronic disease, such as dyslipidemia. Many participants in
the present study had a low risk of arteriosclerotic disease, and because
Japan’s universal health coverage makes it relatively inexpensive to
access medical care, receiving medical care could have had a negative
association with mortality risk in these individuals. However, this in-
formation was not clarified in the present study; therefore, further
research is needed to highlight unknown factors that could contribute to

the negative relationship between treatment for dyslipidemia and
mortality risk.

4.1. Limitations

First, given that the present study investigated whether participants
were treated for diseases based on a self-administered questionnaire,
their cholesterol levels and severity of diseases were unknown, and it
could not be confirmed whether they truly had dyslipidemia. In a prior
study, self-reported responses regarding various diseases matched
medical records to a certain extent, with the specificity for hypercho-
lesterolemia reportedly being 93% for all age groups and 84% for the >
65-year age group (Koller et al., 2014); these results largely match those
in the present study. Second, even when participants reported receiving
dyslipidemia treatment, the extent of their treatment was unknown. It is
possible that they were not receiving drug therapy and were only
following diet or exercise therapy, or that they were not actually being
treated. For those who were receiving drug therapy, the drug contents
were unknown, and it was unclear whether the therapy was primary or
secondary prophylaxis. In the present study, heart disease and stroke
were included as moderator variables to reduce the aforementioned
effects. Third, we did not investigate the presence of chronic kidney
disease or peripheral artery disease, which are high-risk factors for
coronary artery disease with an impact on mortality; therefore, it was
not possible to adjust for this variable. Fourth, the response rate of the
self-administered questionnaire in the present study was 65.1%. A lower
educational level entails fewer responses to self-administered ques-
tionnaires, (Korkeila et al., 2001) and the participants in the present
study could potentially be biased as belonging to a higher socioeconomic
status. Those with a disadvantaged socioeconomic status would less
frequently engage in health checkups and therefore have fewer oppor-
tunities to be diagnosed with hyperlipidemia. Although dyslipidemia
was noted during checkups, lower health awareness did not lead to
further consultations. Therefore, the socioeconomic status of patients
with dyslipidemia could have had an outsized impact on the results of
the present study. The mortality risk of latent dyslipidemia in in-
dividuals who have not been examined needs further investigation.
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5. Conclusions

This longitudinal cohort study, with a follow-up period of approxi-
mately 6 years, consisted of older Japanese participants who indepen-
dently performed their activities of daily living. The study investigated
the association between socioeconomic status and mortality risk in pa-
tients undergoing treatment for dyslipidemia. The socioeconomic status
of individuals who were treated for dyslipidemia was beneficial for their
health; however, despite considering health condition, health behaviors,
and socioeconomic status, self-report of dyslipidemia treatment was
confirmed to have a negative association with mortality risk.
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