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Aim: To investigate associations between socioeconomic status (SES) and the prevalence and treat-
ment status of hypercholesterolemia in a general Japanese population.

Methods: In 2010, we established a cohort study of 2417 adults (age 20—-91 yr) from 300 randomly
selected areas across Japan who participated in the National Health and Nutrition Survey of Japan.
We cross-sectionally examined an association between SES and (1) prevalence of hypercholesterolemia
in 2417 participants (999 men and 1418 women) and (2) not receiving medication for hypercholes-
terolemia in 654 participants (215 men and 439 women). SES included employment status, marital
status, length of education, and household expenditures. Hypercholesterolemia was defined as a total
serum cholesterol level of 26.21 mmol/L (240 mg/dL) or the use of lipid-lowering medications.
Results: The overall prevalence of hypercholesterolemia was 21.5% in men and 31.0% in women. In
men, the lowest quintile of household expenditures was associated with a higher prevalence of hyper-
cholesterolemia (28.3%) compared with the upper 4 quintiles (19.9%) (multivariable-adjusted odds
ratio 1.66; 95% confidence interval [CI] 1.16—2.38). Among participants with hypercholesterol-
emia, 55.4% of men and 55.1% of women were not receiving medication. Unmarried men were
more likely to be untreated (75.0%) than married men (50.9%) (multivariable-adjusted odds ratio
2.53; 95%CI 1.05—6.08). SES had no significant effects in women.

Conclusion: In a general population of Japanese men, low household expenditures were associated
with a higher prevalence of hypercholesterolemia, and unmarried men with hypercholesterolemia
were less likely to receive medication.
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of potential key risk factors for fatal and nonfatal

Introduction CVD?”. In Japan, however, cholesterol levels have incr-

Cardiovascular disease (CVD) is one of the lead- eased significantly since the late 1960s and have reached
ing causes of premature death in Japan as well as other a similar level as that in Western countries® #'?. Effec-
regions of the world" ?. Hypercholesterolemia is one tive CVD prevention requires a strategy based on the
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reasons why cholesterol levels remain high in Japan.

A number of epidemiological studies have sug-
gested that indicators of socioeconomic status (SES)
such as education, household income or expenditures,
marital status, and employment status were associated
with cardiovascular risk factors including hypercholes-
terolemia''". Some studies also reported the hetero-
geneous effects of SES on serum lipid levels between
men and women'®'”, Furthermore, it has been shown
that low SES was associated with limited access to
health-care services and preventive care'®*”. However,
there is limited evidence regarding separate associa-
tions between SES and the prevalence or treatment of
hypercholesterolemia in men and women, particularly
in Japan.

Aim
The objective of the present analysis was to exam-
ine the associations between household expenditures,
employment status, length of education, and marital
status and the prevalence and treatment of hypercho-
lesterolemia in a cross-sectional analysis of a represen-
tative, general population of Japanese men and women.

Methods

Study Population

In 2010, a prospective cohort study on CVDs—
National Integrated Project for Prospective Observation
of Non-communicable Disease And its Trends in the
Aged (NIPPON DATA2010)—was established 2.
This study was performed with the National Health
and Nutrition Survey of Japan (NHNS) in November
2010 (NHNS2010) and the Comprehensive Survey of
Living Conditions (CSLC) in June 2010 (CSLC2010),
both of which are conducted by the Ministry of
Health, Labour and Welfare of Japan. Details regard-
ing NHNS2010 and CSLC2010 have been described
elsewhere?2).

In November 2010, 8815 residents (age =1 yr)
from 300 randomly selected districts across Japan par-
ticipated in the NHNS2010 dietary survey. Among
7229 participants 220 yr, 3873 participants (1598
men and 2275 women) had a blood test, and 2898
(1239 men and 1659 women) agreed to participate in
the baseline NIPPON DATA2010 survey, which also
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included electrocardiographic analysis, urinalysis, and
a questionnaire regarding CVD. Trained interviewers
obtained informed consent before enrollment. Of these
2898 participants, 7 participants were excluded because
data from NHNS2010 or CSLC2010 could not be
merged with baseline NIPPON DATA2010 data, and
276 participants were excluded because of missing data
on SES (employment status, marital status, length of
education, and/or equivalent household expenditure).
One hundred ninety-eight participants with a history
of CVD—which was defined as stroke, myocardial
infarction, or angina pectoris—were also excluded.
The remaining 2417 participants were included in the
present study. This study consisted of two kinds of
cross-sectional analyses that used the baseline NIP-
PON DATA2010 survey. Analysis 1 included all 2417
participants (999 men and 1418 women) to assess the
prevalence of hypercholesterolemia. Analysis 2 included
654 participants with hypercholesterolemia (215 men
and 439 women) to assess the lack of hypercholester-
olemia treatment. We define treatment for hypercho-
lesterolemia as use of lipid-lowering medication(s).
Written informed consent was obtained from all par-
ticipants, and the Institutional Review Board of Shiga
University of Medical Science (No. 22-29, 2010) appr-
oved this study.

Lipid Measurement and Definition of Hypercho-
lesterolemia

Casual blood samples were obtained for NHNS
2010. Serum was separated and centrifuged soon after
blood coagulation, and plasma samples were collected
in siliconized tubes containing sodium fluoride and
shipped to a central laboratory (SRL, Tokyo, Japan)
for analysis. Serum total cholesterol was measured by
the cholesterol dehydrogenase—ultraviolet (UV) method
and standardized by the Centers for Disease Control
and Prevention/US Collaborating Center for Refer-
ence Method Laboratory Network Research in Blood
Lipids®. Triglycerides were measured using enzyme
methods, and high-density lipoprotein (HDL) choles-
terol and low-density lipoprotein (LDL) cholesterol
were measured using direct methods (Cholestest®LDL
Sekisui Medical). Information on the use of medica-
tions was collected using a self-administered question-
naire. Hypercholesterolemia was defined as total cho-
lesterol level >6.21 mmol/L (240 mg/dL)?*® and/or the
use of antihypercholesterolemic agents. Information
on the use of lipid-lowering medications was obtained
using a questionnaire and confirmed by trained staff.
Untreated hypercholesterolemia was defined as not
receiving lipid-lowering medications.
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Table 1. Characteristics of all participants and participants with hypercholesterolemia by sex, Japan, 2010

Men Women
Total Hypercholesterolemia Total Hypercholesterolemia
(2=999) (n=215) (n=1418) (n=439)

Age, years 59.1 (15.4) 60.7 (13.4) 57.2 (15.8) 64.7 (10.9)
Unemployed 330 (33.0) 76 (35.3) 807 (56.9) 285 (64.9)
Unmarried 186 (18.6) 40 (18.6) 368 (26.0) 127 (28.9)
Length of education <13 years 655 (65.6) 143 (66.5) 973 (68.6) 344 (78.4)
Lowest quintile of equivalent household expenditure 198 (19.9) 56 (26.0) 279 (19.7) 6 (19.6)
Body mass index, kg/m? 23.8 (3.2) 24.3 (3.4) 22.6 (3.5) 23 4 (3.4)
Systolic BB, mmHg 135.8 (17.8) 140 (18.6) 129.1 (20.0) 136.2 (19.4)
Diastolic BP, mmHg 82.5(10.7) 83.9 (10.8) 77.1 (10.8) 79.6 (10.4)
Total cholesterol, mmol/L 5.27 (0.87) 6.06 (1.06) 5.40 (0.92) 6.13 (1.00)
HDL cholesterol, mmol/L 1.47 (0.39) 1.53 (0.45) 1.72 (0.40) 1.76 (0.45)
LDL cholesterol, mmol/L 3.09 (0.76) 3.64 (0.95) 3.09 (0.81) 3.64 (0.92)
Triglycerides, mmol/L 1.45 (1.00—-2.15)  1.66 (1.17-2.62) 1.10 (0.75-1.59) 1.37 (0.96—-1.91)
Hypertensive® 554 (55.5) 138 (64.2) 567 (40.0) 247 (56.3)
Diabetes mellitus * 125 (12.5) 43 (20.0) 115 (8.1) 58 (13.2)
Smoking

Ex-smoker 408 (41.1) 95 (44.4) 123 (8.7) 34 (7.8)

Current smoker 292 (29.4) 62 (29.0) 102 (7.2) 22 (5.0)
Regular exercise™ 370 (37.2) 91 (42.5) 443 (31.3) 169 (38.6)
Alcohol consumption, g/weeklﬂ 63.4 (0—241.9) 51.8 (0—241.9) 0(0—-17.3) 0(0-5.8)

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Data are shown as mean (standard deviation),

medlan (interquartile range), or n (%).
Trlglycerldes are shown as the median and interquartile range.

¥ Defined as participants who met 1 or more of the following criteria: 1) systolic BP > 140 mm Hg and/or diastolic BP 290 mm Hg; or 2) receiving

antihypertensive medication.

Defined as participants who met 1 or more of the following criteria: 1) fasting plasma glucose level 2126 mg/dL (=7.0 mmol/L); or 2) nonfasting
lasma glucose level 2200 mg/dL (>11.1 mmol/L); 3) hemoglobin Alc 26.5%; or 4) receiving antidiabetic medication.
Deﬁned as participants who engaged in >30 minutes of exercise for =2 days/week for >1 year.

Y Alcohol consumption is shown as the median and interquartile range.

Socioeconomic Status

Information on SES was collected using self-
administered questionnaires for NHNS2010 (employ-
ment status), CSLC2010 (monthly household expen-
ditures in May 2010; i.e., the month before CSLC
2010), and NIPPON DATA2010 (length of educa-
tion, marital status). Equivalent household expenditures
were calculated as the household expenditure divided
by the square root of the number of family members.
SES was defined as follows: (1) employment status
(unemployed or employed [including self-employed]);
(2) marital status (married, unmarried [including never
married, divorced, and widowed]); (3) length of edu-
cation (<13 yr [primary school and/or high school]
or 213 yr); and (4) equivalent household expenditure
(upper 4 quintiles or the lowest quintile [<¥82,000
JPY (approximately $750/month]).

Other Risk Factors

After a minimum of 5 min of rest in a seated posi-
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tion, blood pressure (BP) was measured twice with an
interval of > 1 min by trained survey staff using a stan-
dard mercury sphygmomanometer with an appropri-
ately sized cuff on the right arm. The mean of the two
measurements was used in further analyses. Hyperten-
sion was defined as systolic BP 2140 mm Hg and/or
diastolic BP 290 mm Hg or the use of antihypertensive
medications. Plasma glucose was measured using the
hexokinase UV method, and hemoglobin Alc (HbAlc)
was measured using a latex agglutination inhibition
assay according to the standardized method of the
Japan Diabetes Society (JDS). HbAlc was converted to
the National Glycohemoglobin Standardization Pro-
gram (NGSP) value using the following formula: HbAlc
(NGSP) (%)=1.02x HbAlc (JDS) (%) +0.25. A blood
sample was defined as a fasting blood sample if it was
obtained after >8 h of fasting. Participants were classi-
fied as diabetic if they met one of the following crite-
ria*”: (1) fasting plasma glucose level >126 mg/dL
(27.0 mmol/L); (2) nonfasting plasma glucose level
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Table 2. Association between socioeconomic status and hypercholesterolemia prevalence in 999 men

) ) N of Hypercholesterolemia, Odds ratio (95% confidence interval)
Socioeconomic status ..
participants n (%) Model 1 Model 2

Employment status

Employed 669 139 (20.8) Reference Reference

Unemployed 330 76 (23.0) 0.96 (0.66—1.40) 0.97 (0.67—1.41)
Marital status

Married 813 175 (21.5) Reference Reference

Unmarried 186 40 (21.5) 1.09 (0.73-1.62) 1.05 (0.70—1.56)
Length of education

>13 years 344 72 (20.9) Reference Reference

<13 years 655 143 (21.8) 0.97 (0.69—1.35) 0.94 (0.67—-1.32)
Equivalent household expenditure

Upper 4 quintiles 801 159 (19.9) Reference Reference

Lowest quintile 198 56 (28.3) 1.60 (1.12-2.29) 1.66 (1.16—2.38)

Model 1 was adjusted for age. Model 2 was adjusted like Model 1, in addition to adjustments for history of diabetes mellitus, hypertension, and
type of house (own or rent; this was only included in the analysis of household expenditures).

>200 mg/dL (>211.1 mmol/L); (3) HbAlc =6.5%; or

(4) currently receiving antidiabetic medications.

Statistical Analysis

The characteristics of the study participants are
presented as the mean and standard deviation for con-
tinuous variables and as the number and percentage for
categorical variables. The association between SES and
each outcome was assessed using age-adjusted logistic
regression (Model 1) and multivariable-adjusted logis-
tic regression (Model 2). The multivariable-adjusted
model included age, diabetes mellitus, hypertension,
and type of house (owned or rented; this was only
included in the analyses of equivalent household expen-
ditures). The type of house was determined using the
CSLC2010 questionnaire and used as a covariate because
expenditures included household rent but not mort-
gages. The results of the logistic regression analyses are
reported as odds ratios (ORs) with corresponding 95%
confidence intervals (95%CIs). The associations bet-
ween SES and each outcome in the subgroups (defined
by age or menopausal status) were compared by add-
ing an interaction term to the statistical model. P<
0.05 was considered statistically significant. All statis-
tical analyses were performed using SAS (version 9.4

for Windows; SAS Institute Inc., Cary, NC, USA).

Results

Participant Characteristics

The characteristics of the participants that were
included in each cross-sectional analysis are shown by
sex in Table 1. Among 999 men and 1418 women,

330 men (33.0%) and 807 women (56.9%) were un-
employed, 186 men (18.6%) and 368 women (26.0%)
were unmarried, 655 men (65.6%) and 973 women
(68.6%) had <13 yr of education, and 198 men
(19.8%) and 279 women (19.7%) were in the lowest
quintile of equivalent household expenditures. Among
215 men (21.5%) and 439 women (31.0%) with hy-
percholesterolemia (Analysis 2), 76 men (35.3%) and
285 women (64.9%) were unemployed, 40 men (18.6%)
and 127 women (28.9%) were unmarried, 143 men
(66.5%) and 344 women (78.4%) had <13 yr of edu-
cation, and 56 men (26.0%) and 86 women (19.6%)
were in the lowest quintile of equivalent household
expenditures. The characteristics of the participants
with hypercholesterolemia are also shown by sex and

SES in Supplementary Tables 1 and 2.

Associations between SES and Hypercholesterol-
emia Prevalence in Men

Table 2 shows the associations between SES and
hypercholesterolemia prevalence in men. The lowest
quintile of household expenditures was associated with
more prevalent hypercholesterolemia (28.3%) com-
pared with higher quintiles (19.9%). The OR of the
lowest quintile versus the higher quintiles was 1.66
(95%CI 1.16—2.38) after adjusting for confounding
factors. This association remained significant even after
further adjusting for other items related to SES: the
OR of the lowest quintile versus the higher quintiles
was 1.70 (95%CI 1.18—2.44). There was a trend toward
a larger effect of household expenditures on hypercho-
lesterolemia prevalence in participants <65 yr than in
those 265 yr, but the difference was not statistically sig-
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Table 3. Association between socioeconomic status and hypercholesterolemia prevalence in 1418 women

) ) N of Hypercholesterolemia, Odds ratios (95% confidence intervals)
Socioeconomic status ..
participants n (%) Model 1 Model 2

Employment status

Employed 611 154 (25.2) Reference Reference

Unemployed 807 285 (35.3) 0.85 (0.65—1.12) 0.85 (0.65—1.12)
Marital status

Married 1050 312 (29.7) Reference Reference

Unmarried 368 127 (34.5) 1.02 (0.78—1.34) 1.00 (0.76-1.31)
Length of education

>13 years 445 95 (21.4) Reference Reference

<13 years 973 344 (35.4) 1.03 (0.76—1.39) 1.01 (0.74—1.36)
Equivalent household expenditure

Upper 4 quintiles 1139 353 (31.0) Reference Reference

Lowest quintile 279 86 (30.8) 0.84 (0.62—1.13) 0.82 (0.61—1.11)

Model 1 was adjusted for age. Model 2 was adjusted like Model 1, in addition to adjustments for history of diabetes mellitus, hypertension, and
type of house (own or rent; this was only included in the analysis of household expenditures).

nificant (7 heterogeneity =0.06) (Supplementary Table
3). Other SES variables were not clearly associated
with hypercholesterolemia prevalence. Similar findings
were obtained when different definitions for hyper-
cholesterolemia were used (LDL-C >4.14 mmol/L and
non-HDL cholesterol [NHDL-C] >4.91 mmol/L) (Sup-
plementary Table 4).

Associations between SES and Hypercholesterol-
emia Prevalence in Women

Table 3 shows the associations between SES and
hypercholesterolemia prevalence in women. Employ-
ment status, marital status, length of education, and
household expenditures were not clearly associated
with hypercholesterolemia. There were no significant
differences in the associations between SES and hyper-
cholesterolemia in the subgroups defined by age, except
for length of education (2 heterogeneity=0.01) (Sup-
plementary Table 3). There was also no heterogeneity
in the effects of SES on hypercholesterolemia between
premenopausal and postmenopausal women (P het-

erogeneity >0.1) (Supplementary Table 5).

Associations between SES and not Receiving Hyper-
cholesterolemia Treatment in Men

Table 4 shows the associations between SES and
untreated hypercholesterolemia in men. Unmarried men
were more likely to be untreated (75.0%) than mar-
ried men (50.9%). The OR of unmarried versus mar-
ried men was 2.53 (95%CI 1.05-6.08) after adjust-
ing for confounding factors. There were no significant
differences in the effects of marital status on untreated
hypercholesterolemia between participants <65 and
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>65 yr (P heterogeneity=0.22) (Supplementary Table
7). Other SES variables were not clearly associated
with untreated hypercholesterolemia. Similar findings
were obtained when different definitions of hypercho-
lesterolemia were used (LDL-C >4.14 mmol/L and
NHDL-C >4.91 mmol/L) (Supplementary Table 6).

Associations between SES and not Receiving Hyper-
cholesterolemia Treatment in Women

Table 5 shows the associations between SES and
untreated hypercholesterolemia in women. Employ-
ment status, marital status, length of education, and
household expenditures were not clearly associated with
untreated hypercholesterolemia. There were heteroge-
neous associations between marital status with untreated
hypercholesterolemia in women <65 yr (OR 4.63; 95%
CI 1.30—-16.42) and women =65 yr (OR 0.90; 95%CI
0.50—1.61) (2 heterogeneity=0.01). There were no
other significant differences in the associations between
SES and untreated hypercholesterolemia in the sub-
groups defined by age (P heterogeneity >0.52) (Sup-
plementary Table 7). There was no heterogeneity in
the effects of SES on untreated hypercholesterolemia
between premenopausal and postmenopausal women

(P heterogeneity >0.9) (Supplementary Table 5).

Discussion

In the present analysis of a nationwide survey of
a general Japanese population, male participants in the
lowest quintile of household expenditures had a higher
prevalence of hypercholesterolemia compared with men
in the upper quintiles. Unmarried men were less likely
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Table 4. Association between socioeconomic status and untreated hypercholesterolemia in 215 men

) ) N of Untreated, Odds ratios (95% confidence intervals)
Socioeconomic status ..
participants n (%) Model 1 Model 2

Employment status

Employed 139 86 (61.9) Reference Reference

Unemployed 76 33 (43.4) 1.31 (0.64—2.66) 1.34 (0.65-2.77)
Marital status

Married 175 89 (50.9) Reference Reference

Unmarried 40 30 (75.0) 2.13 (0.90-5.07) 2.53 (1.05-6.08)
Length of education

>13 years 72 47 (65.3) Reference Reference

<13 years 143 72 (50.4) 0.83 (0.43—1.59) 0.94 (0.48—1.87)
Equivalent household expenditure

Upper 4 quintiles 159 89 (56.0) Reference Reference

Lowest quintile 56 30 (53.6) 0.66 (0.33-1.32) 0.67 (0.33—1.36)

Model 1 was adjusted for age. Model 2 was adjusted like Model 1, in addition to adjustments for history of diabetes mellitus, hypertension, and
type of house (own or rent; this was only included in the analysis of household expenditures).

to receive “drug” treatment for hypercholesterolemia
compared with married men. These associations rem-
ained significant even after controlling for confound-
ing factors such as age, diabetes mellitus, and hyper-
tension. In contrast, SES was not clearly associated
with hypercholesterolemia prevalence or not receiving
treatment for hypercholesterolemia in women. These
findings would provide important scientific insights to
health policy-makers who underscore attenuation of
inequality in health status as well as that in SES.

SES and Hypercholesterolemia Prevalence

To the best of our knowledge, no previous epide-
miologic studies have reported inverse associations
between household expenditures and hypercholester-
olemia, but an observational study in Greece reported
higher hypercholesterolemia prevalence in men with
less education”. Possible mechanisms underlying the
link between low SES and hypercholesterolemia may
involve lifestyle choices. In fact, it has been reported
that people from socioeconomically disadvantaged back-
grounds are less likely to choose food products that are
low in saturated fac®"*?. Another possible mechanism
may involve the limited utilization of health services
among people with lower SES. For example, employ-
ees of small companies have been shown to be less
likely to participate in health checkups than were the
employees of large companies®”. On the basis of the
findings of the present analysis and previous epidemi-
ologic studies, men with low SES are more likely to
have hypercholesterolemia; in contrast, there were no
significant associations between SES and hypercholes-
terolemia in women. The observed sex difference was

consistent with previous reports from Japanese popu-
lations, which indicated that disadvantage in health
status associated with low SES may be more evident in
men than in women®* %), The mechanisms underlying
heterogeneous effects of SES between men and women
may involve differences in lifestyle, occupational status
(including type of occupation), access to health care,
and attitude toward health information®. Interestingly,
the sex difference observed in our study differs from
what was found in studies conducted in Europe or the
United States, where women had a stronger associa-
tion than in men. However, SES and health outcome
could have a complex relationship, and we agree with
Kagamimori and the colleagues in their notion that
“SES must be interpreted within the economic, social,

demographic and cultural contexts of a specific coun-

ey,

SES and Hypercholesterolemia Treatment

To the best of our knowledge, this is the first
study to examine the association between marital sta-
tus and hypercholesterolemia treatment status in a gen-
eral population. In the present analysis, married men
with hypercholesterolemia were more likely to be treated
than unmarried men, but such associations were only
observed in women <65 yr. These findings are in line
with a previous observational study that reported that,
with regard to choosing between healthy behaviors
and/or compliance with medical treatment, married
men are more likely to be affected by their partners
than were married women®* ). It has also been reported
that never-married Japanese men have a less healthy
lifestyle and subsequently higher levels of cardiovascu-
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Table 5. Association between socioeconomic status and untreated hypercholesterolemia in 439 women

) ) N of Untreated, Odds ratios (95% confidence intervals)
Socioeconomic status ..

participants n (%) Model 1 Model 2
Employment status
Employed 154 98 (63.6) Reference Reference
Unemployed 285 144 (50.5) 1.24 (0.77-2.00) 1.24 (0.76—2.00)
Marital status
Married 312 176 (56.4) Reference Reference
Unmarried 127 66 (52.0) 1.24 (0.77-1.99) 1.35 (0.83—-2.20)
Length of education
> 13 years 95 70 (73.6) Reference Reference
<13 years 344 172 (50.0) 0.61 (0.35—-1.07) 0.66 (0.37-1.17)
Equivalent household expenditure
Upper 4 quintiles 353 205 (58.1) Reference Reference
Lowest quintile 86 37 (43.0) 0.66 (0.39-1.12) 0.66 (0.39-1.13)

Model 1 was adjusted for age. Model 2 was adjusted like Model 1, in addition to adjustments for history of diabetes mellitus, hypertension, and
type of house (own or rent; this was only included in the analysis of household expenditures).

lar risk factors than do married men®. Regarding other
SES items than marital status, an observational study
from India reported that patients with hypercholester-
olemia who had had a longer length of education were
more likely to receive drug treatment® “?. In the pres-
ent study, however, length of education, employment
status, and household expenditures were not clearly
associated with untreated hypercholesterolemia. The
reason for this discrepancy is not clear, but the lack of
associations in this study of a general Japanese popula-
tion may be because of the universal health insurance
coverage system that allows Japanese citizens to access
medical care regardless of SES*".

Strengths and Limitations

This is the first study to demonstrate the associa-
tions between various SES items with the prevalence
of untreated hypercholesterolemia based on a nation-
wide survey of a Japanese general population. Addi-
tionally, we conducted multivariable-adjusted analy-
ses, whereas some preceding reports reported results
after adjusting for a limited number of covariates. In
the present analysis, some of the results remained sig-
nificant after adjusting for age, diabetes mellitus, and
hypertension, which suggests that other factors may
mediate the link between SES and hypercholesterol-
emia. Further studies are needed to elucidate the mech-
anisms underlying this link.

The present analysis has several limitations. First,
because of the cross-sectional nature of this study, we
were unable to determine whether there was a causal
relationship between SES and the prevalence or treat-
ment of hypercholesterolemia. The second limitation
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is reporting bias for SES items (i.e., underreporting of
very high status or overreporting of very low status),
which could have weakened the association between
SES and the prevalence and treatment of hypercholes-
terolemia. Third, we did not assess whether treatment
(i.e.,., use of medication) was translated into an appro-
priate clinical goal, which can be an important indica-
tor according to a recent report from a multicountry
survey*?. Further study is needed to address this issue.
Finally, the findings of the present analysis may not be
generalizable to other countries where lifestyle, access
to medical care, and medical insurance coverage differ
from those found in Japan.

Conclusion

In a general population of Japanese men, low
household expenditures were associated with a higher
prevalence of hypercholesterolemia, and unmarried men
with hypercholesterolemia were less likely to receive
drug treatment. The findings indicate that preventing
cardiovascular events require a combination of high-
risk and population strategies that focus on socioeco-
nomic as well as traditional risk factors.
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Supplementary Table 1. Characteristics of 999 men by socioeconomic status, Japan, 2010

Employment status

Marital status

Employed Unemployed P Married Unmarried P
(n=0669) (n=330) (n=813) (n=186)
Age, years 53.3 (14.5) 70.7 (9.6) <0.001 60.8 (53.3) 51.5 (18.6) <0.001
Body mass index, kg/m? 23.9 (3.3) 23.6 (3.0) 0.20 23.8 (23.9) 23.8 (3.7) 0.35
Systolic BB, mmHg 133.4 (16.9) 140.7 (18.6) <0.001 136.3 (133.4) 133.7 (19.3) 0.05
Diastolic B2, mmHg 82.9 (10.5) 81.7 (10.8) 0.22 82.5 (82.9) 82.6 (11.4) 0.96
Total cholesterol, mmol/L 5.30 (0.86) 5.20 (0.90) 0.08 5.25 (5.30) 5.34 (0.97) 0.35
HDL cholesterol, mmol/L 1.49 (0.37) 1.44 (0.41) 0.02 1.47 (1.49) 1.46 (0.41) 0.45
LDL cholesterol, mmol/L 3.13 (0.75) 3.00 (0.79) 0.01 3.07 (3.13) 3.18 (0.81) 0.15
Triglycerides, mmol/L| 1.48 (0.99-2.16) 1.43 (1.02—-2.13) 0.95 1.47 (1.03-2.10) 1.38 (0.98—-2.29) 0.92
Hypertension® 323 (48.3) 231 (70.0)  <0.001 459 (56.5) 95 (51.1) 0.21
Diabetes mellitus* 70 (10.5) 55 (16.7) 0.01 103 (12.7) 22 (11.8) 0.85
Smoking
Ex-smoker 235 (35.3) 173 (52.7) <0.001 351 (43.5) 57 (30.7) 0.01
Current smoker 231 (34.7) 61 (18.6) 226 (28.0) 66 (35.5)
Regular exercise 188 (28.2) 182 (55.3) <0.001 303 (37.4) 67 (36.2) 0.84
Alcohol consumption, g/weeklﬂ 63.4 (0—241.9) 51.8 (0—190.1) <0.001 63.4 (5.8—241.9) 34.6 (0—190.1) 0.01
Length of education Equivalent household expenditure
213 years <13 years p Upper 4 quintiles ~ Lowest quintile p
(n=344) (n=0655) (n=813) (n=186)
Age, years 52.9 (15.9) 62.3 (14.1) <0.001 59.2 (15.4) 58.7 (15.6) 0.59
Body mass index, kg/m? 24.0 (3.4) 23.7 (3.0) 0.35 23.8 (3.2) 23.8 (3.1) 0.97
Systolic BD, mmHg 131.3 (16.6) 138.2(18.0)  <0.001 135.9 (17.5) 135.7 (18.8) 0.82
Diastolic B, mmHg 82.1 (10.4) 82.8 (10.8) 0.18 82.5 (10.6) 82.8 (10.9) 0.99
Total cholesterol, mmol/L 5.3 (0.87) 5.3 (0.87) 0.51 5.27 (0.86) 5.26 (0.93) 0.72
HDL cholesterol, mmol/L 1.5 (0.36) 1.5 (0.40) 0.27 1.47 (0.39) 1.45 (0.37) 0.79
LDL cholesterol, mmol/L 3.1 (0.75) 3.1 (0.77) 0.15 3.08 (0.74) 3.11 (0.86) 0.69
Triglycerides, mmol/L 14 (0.97-2.07) 1.48 (1.04-2.18)  0.14 1.44 (1.02-2.15)  1.52 (0.96-2.15)  0.89
Hypertension§ 154 (44.8) 400 (61.1) <0.001 443 (55.3) 111 (56.1) 0.91
Diabetes mellitus * 33 (9.6) 92 (14.1) 0.05 107 (13.4) 18 (9.1) 0.13
Smoking
Ex-smoker 135 (39.4) 273 (42.0) 0.003 324 (40.7) 84 (42.9) 0.21
Current smoker 85 (24.8) 207 (31.9) 228 (28.6) 64 (32.7)
Regular exercise” 120 (34.9) 250 (38.3) 0.31 304 (38.1) 66 (33.5) 0.27
Alcohol consumption, g/weekﬂ 51.8 (0—241.9) 80.6 (0—241.9) 0.05 241.9 (0—63.4) 241.9 (0—-51.8) 0.21

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Data are shown as mean (standard deviation), median (interquartile range), or n (%).

Trlglycerldes are shown as the median and interquartile range.
¥ Defined as participants who met 1 or more of the following criteria: 1) systolic BP > 140 mm Hg and/or diastolic BP 290 mm Hg; or 2) receiving

antihypertensive medication.

Defined as participants who met 1 or more of the following criteria: 1) fasting plasma glucose level 2126 mg/dL (>7.0 mmol/L); or 2) nonfasting
lasma glucose level >200 mg/dL (>11.1 mmol/L); 3) hemoglobin Alc 26.5%; or 4) receiving antidiabetic medication.
Dcﬁncd as participants who engaged in >30 minutes of exercise for =2 days/week for >1 year.
Y Alcohol consumption is shown as the median and interquartile range.
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Supplementary Table 2. Characteristics of 1418 women by socioeconomic status, Japan, 2010

Employment status

Marital status

Employed Unemployed P Married Unmarried P
(n=611) (n=807) (n=1050) (n=368)
Age, years 50.0 (13.9) 627 (15.0)  <0.001 56.5 (14.2) 59.3(19.7)  <0.001
Body mass index, kg/m? 22.2 (3.5) 22.9 (3.5) <0.001 22.5 (3.4) 22.8 (3.9) 0.52
Systolic BB, mmHg 123.6 (18.3) 133.1 (20.2) <0.001 128.2 (19.2) 131.3 (22.0) 0.03
Diastolic BE, mmHg 75.7 (10.4) 78.2 (11.0) <0.001 77.5(10.7) 76.1(11.2) 0.05
Total cholesterol, mmol/L 5.34 (0.91) 5.45 (0.93) 0.027 5.38 (0.90) 5.45 (1.00) 0.46
HDL cholesterol, mmol/L 1.78 (0.39) 1.68 (0.39) <0.001 1.73 (0.38) 1.72 (0.44) 0.44
LDL cholesterol, mmol/L 3.03 (0.80) 3.13 (0.82) 0.02 3.08 (0.78) 3.11 (0.89) 0.83
Triglycerides, mmol/L| 0.99 (0.68—1.47) 1.19(0.81-1.68) <0.001 1.10 (0.75—1.56) 1.10 (1.10—1.36) 0.61
Hypertension® 173 (28.3) 394 (48.8)  <0.001 388 (37.0) 179 (48.6)  <0.001
Diabetes mellitus* 33 (5.4) 82 (10.2) 0.002 78 (7.4) 37 (10.1) 0.14
Smoking
Ex-smoker 61 (10.0) 62 (7.7) <0.001 96 (9.2) 27 (7.4) 0.02
Current smoker 62 (10.2) 40 (5.0) 64 (6.1) 38 (10.4)
Regular exercise 133 (21.8) 310 (38.6) <0.001 317 (30.3) 126 (34.2) 0.18
Alcohol consumption, g/weeklﬂ 0.0 (0—28.8) 0.0 (0—5.8) <0.001 0.0 (0—17.3) 0.0 (0—17.3) 0.23
Length of education Equivalent household expenditures
213 years <13 years P Upper 4 quintiles ~ Lowest quintile p
(n=445) (n=973) (n=1139) (n=279)
Age, years 47.3 (13.8) 61.8 (14.5) <0.001 56.6 (15.6) 59.7 (16.3) <0.001
Body mass index, kg/m? 21.7 (3.1) 23.0 (3.6) <0.001 22.5 (3.4) 22.8 (3.8) 0.54
Systolic BD, mmHg 121.4 (17.9) 1325 (19.9)  <0.001 128.6 (19.8) 130.8 (20.6) 0.10
Diastolic BB, mmHg 75.4 (10.5) 77.9 (10.9) <0.001 77.3 (10.8) 76.5 (11.0) 0.48
Total cholesterol, mmol/L 5.29 (0.94) 5.45(0.91) 0.001 5.42 (0.92) 5.33 (0.93) 0.15
HDL cholesterol, mmol/L 1.80 (0.39) 1.69 (0.39) <0.001 1.74 (0.40) 1.68 (0.40) 0.02
LDL cholesterol, mmol/L 3.01 (0.82) 3.13 (0.81) 0.002 3.10 (0.81) 3.02 (0.82) 0.10
Triglycerides, mmol/L " 0.93 (0.65-1.37) 1.17 (0.81-1.67) <0.001  1.07 (0.73-1.56) 1.18 (0.78—1.70)  0.08
Hypertension® 102 (22.9) 465 (47.8)  <0.001 439 (38.5) 128 (45.9) 0.03
Diabetes mellitus * 13 (2.9) 102 (10.5) <0.001 87 (7.6) 28 (10.0) 0.23
Smoking
Ex-smoker 48 (10.8) 75(7.7) 0.10 99 (8.7) 24 (8.6) 0.96
Current smoker 27 (6.1) 75 (7.7) 83 (7.3) 19 (6.8)
Regular exercise” 112 (25.2) 331 (34.1) 0.001 355 (31.2) 88 (31.7) 0.95
Alcohol consumption, g/weekﬂ 0.0 (0—40.3) 0.0 (0—5.8) <0.001 0.0 (0—17.3) 0.0 (0—17.3) <0.001

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Data are shown as mean (standard deviation), median (interquartile range), or n (%).

Trlglycerldes are shown as the median and interquartile range.
¥ Defined as participants who met 1 or more of the following criteria: 1) systolic BP > 140 mm Hg and/or diastolic BP 290 mm Hg; or 2) receiving

antihypertensive medication.

Defined as participants who met 1 or more of the following criteria: 1) fasting plasma glucose level 2126 mg/dL (>7.0 mmol/L); or 2) nonfasting
lasma glucose level >200 mg/dL (>11.1 mmol/L); 3) hemoglobin Alc 26.5%; or 4) receiving antidiabetic medication.
Dcﬁncd as participants who engaged in >30 minutes of exercise for =2 days/week for >1 year.
Y Alcohol consumption is shown as the median and interquartile range.
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Supplementary Table 3. Association between socioeconomic status and hypercholesterolemia prevalence stratified by age in 999
men and 1418 women

Men Women
Odds ratio Odds ratio
(95% confidence intervals) ) P for. (95% confidence intervals) ) P fo{
interaction interaction
<65 years 265 years <65 years 205 years
Employment status
Employed Reference Reference Reference Reference
Unemployed 1.61 (0.88—2.94) 0.91 (0.56—1.49) 0.06 0.83 (0.58—1.18) 1.05 (0.67—1.64) 0.50
Marital status
Married Reference Reference Reference Reference
Unmarried 1.40 (0.85-2.31) 0.71 (0.33—-1.51) 0.25 1.58 (1.01-2.45) 1.20 (0.82—1.76) 0.65
Length of education
213 years Reference Reference Reference Reference
<13 years 1.06 (0.69-1.62) 0.71 (0.41-1.22)  0.14 0.99 (0.68—1.45) 0.72 (0.42-1.26)  0.01
Equivalent household expenditure
Upper 4 quintiles Reference Reference Reference Reference
Lowest quintile 2.27 (1.43-3.61) 1.02(0.56—-1.87) 0.06 0.74 (0.46—1.21) 0.94 (0.63—1.39) 0.71

Model included age, history of diabetes mellitus, hypertension, and type of house (own or rent; this was only included in the analysis of household
expenditures).

Supplementary Table 4. Multivariable-adjusted odds ratios and 95% confidence intervals for the effect of socioeconomic status on
hypercholesterolemia according to sex

Men (2=999) Women (7=1418)
TC LDL-C NHDL-C TC LDL-C NHDL-C
26.21 mmol/l >4.14 mmol/l >4.91 mmol/l >6.21 mmol/l >4.14 mmol/l >4.91 mmol/l

Employment status

Employed Reference Reference Reference Reference Reference Reference

Unemployed 0.97 (0.67—-1.41) 1.04 (0.70—1.56) 1.12(0.75—1.66) 0.85(0.65—-1.12) 1.02(0.76—1.38) 0.97 (0.72—1.31)
Marital status

Married Reference Reference Reference Reference Reference Reference

Unmarried 1.05 (0.70—1.56) 0.92 (0.59—1.43) 1.04 (0.68—1.59) 1.00 (0.76—1.31) 1.11 (0.83—1.49) 1.08 (0.80—1.45)
Length of education

>13 years Reference Reference Reference Reference Reference Reference

<13 years 0.94 (0.67—-1.32) 1.01(0.70—1.46) 1.02 (0.71—1.45) 1.01 (0.74—1.36) 1.25(0.89—1.76) 1.43 (1.01—2.03)
Equivalent household expenditure

Upper 4 quintiles Reference Reference Reference Reference Reference Reference

Lowest quintile 1.66 (1.16—2.38) 1.51 (1.02—-2.22) 1.61 (1.10—2.35) 0.82 (0.60—1.11) 0.97 (0.70—1.34) 0.90 (0.65—1.24)

Abbreviations: TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; NHDL-C, non-high-density lipoprotein cholesterol.
Model included age, history of diabetes mellitus, hypertension, and type of house (own or rent; this was only included in the analysis of household
expenditures).
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Supplementary Table 5. Association between socioeconomic status and hypercholesterolemia prevalence and untreated hypercho-
lesterolemia in women stratified by menopausal status

Odds ratio of Odds ratio of untreated
hypercholesterolemia Pfor hypercholesterolemia Pfor
(95% confidence interval) interaction (95% confidence interval) interaction
Premenopausal ~ Postmenopausal Premenopausal ~ Postmenopausal

Employment status

Employed Reference Reference Reference Reference

Unemployed 1.52 (0.75-3.06) 0.91 (0.64—1.29) 0.19 Not calculable  1.25 (0.71-2.21) 0.94
Marital status

Married Reference Reference Reference Reference

Unmarried 1.82 (0.83—3.96) 1.23 (0.87—1.73) 0.72 Not calculable  1.47 (0.85—2.55) 0.97
Length of education

213 years Reference Reference Reference Reference

<13 years 1.27 (0.64—2.54) 0.95 (0.65—1.40) 0.38 Not calculable  0.62 (0.32—1.19) 0.98
Equivalent household expenditure

Upper 4 quintiles Reference Reference Reference Reference

Lowest quintile 1.63 (0.69-3.84) 0.70 (0.48—1.03) 0.14 Not calculable  0.77 (0.41—1.46) 0.99

Model included age, history of diabetes mellitus, hypertension, and type of house (own or rent; this was only included in the analysis of household
expenditures).

Supplementary Table 6. Multivariable-adjusted odds ratio (OR) and 95% confidence interval (95%CI) for the effect of socioeco-
nomic status on untreated hypercholesterolemia according to sex

Men (n=215) Women (7=439)
TC LDL-C NHDL-C TC LDL-C NHDL-C
26.21 mmol/l >4.14 mmol/l >4.91 mmol/l >6.21 mmol/l >4.14 mmol/l >4.91 mmol/l

Employment status

Employed Reference Reference Reference Reference Reference Reference

Unemployed 1.34 (0.65—-2.77) 1.68 (0.66—4.24) 1.80 (0.79—4.10) 1.24 (0.76—2.00) 1.59 (0.87—2.93) 1.50 (0.86—2.61)
Marital status

Married Reference Reference Reference Reference Reference Reference

Unmarried 2.53 (1.05-6.08) 3.03 (1.07—8.59) 2.79 (1.12—6.93) 1.35 (0.83—2.20) 2.00 (1.08—3.71) 1.82(1.03—3.20)
Length of education

>13 years Reference Reference Reference Reference Reference Reference

<13 years 0.94 (0.48—1.87) 1.06 (0.47—2.40) 0.90 (0.43—1.89) 0.66 (0.37—1.17) 0.81 (0.40—1.64) 0.97 (0.50—1.89)
Equivalent household expenditure

Upper 4 quintiles Reference Reference Reference Reference Reference Reference

Lowest quintile 0.67 (0.33—1.36) 0.64 (0.27—1.53) 0.64 (0.29—1.37) 0.66 (0.39—-1.13) 0.87 (0.44—1.70) 0.73 (0.39—1.37)

Abbreviations: TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; NHDL-C, non-high-density lipoprotein cholesterol.
Model included age, history of diabetes mellitus, hypertension, and type of house (own or rent; this was only included in the analysis of household
expenditures).
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Supplementary Table 7. Association between socioeconomic status and untreated hypercholesterolemia in 215 men and 439

women stratified by age

Men Women
Odds ratio Odds ratio
(95% confidence interval) ) P for. (95% confidence interval) ] P fo{
interaction interaction
<65 years 265 years <65 years 205 years
Employment status
Employed Reference Reference Reference Reference
Unemployed 1.40 (0.45—4.34) 1.42 (0.53—3.82) 0.95 1.01 (0.50-2.04) 1.57 (0.79-3.13) 0.52
Marital status
Married Reference Reference Reference Reference
Unmarried 3.71 (1.12—12.33) 2.20 (0.46—10.44) 0.22 4.63 (1.30—16.42) 0.90 (0.50—1.61) 0.01
Length of education
213 years Reference Reference Reference Reference
<13 years 1.05 (0.42-2.67) 0.84(0.30-2.33)  0.82  0.91(0.39-2.08) 0.52(0.23-1.14)  0.56
Equivalent household expenditure
Upper 4 quintiles Reference Reference Reference Reference
Lowest quintile 0.72 (0.29-1.76) 0.62 (0.19-2.09) 0.71 0.51 (0.20—1.33) 0.73 (0.38—1.38) 0.72

Model included age, history of diabetes mellitus, hypertension, and type of house (own or rent; this was only included in the analysis of household

expenditures).
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