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Abstract

Background Japanese employers are obligated to offer employees annual health checkups and guidance programs for their
health promotion and maintenance to prevent cardiovascular (CV) and lifestyle-related diseases. Under these programs,
checkup recipients are notified of the checkup results, and in case of abnormal findings, employers are expected to provide
employees with follow-up encouragement to change their behavior; for example, with medical consultations or lifestyle
modifications. However, the effect of these programs on behavioral changes and their subsequent clinical outcomes has not
been clearly assessed.

Objective The aim of this study was to investigate changes in CV risk management behaviors after receiving unfavorable
health checkup results on serum lipid levels among subjects without antidyslipidemic drug prescription and uncontrolled
lipid levels and at elevated risk of CV events in a real-world setting.

Patients and Methods This retrospective cohort study used a Japanese employment-based health insurance database managed
by MinaCare Co., Ltd. This study analyzed the data from the annual health checkups of recipients aged 20-74 years with
data on their low-density lipoprotein-cholesterol (LDL-c), high-density lipoprotein-cholesterol (HDL-c), and triglyceride
(TG) values from 2015 to 2017, who had uncontrolled lipid levels based on their checkup results at baseline in 2015, and
without prescription records of antidyslipidemic drugs. Lipid status was considered uncontrolled if any of the following were
detected: LDL-c > 140 mg/dL, HDL-c < 40 mg/dL, or TG > 150 mg/dL. Changes in antidyslipidemic drug prescription, as
a primary CV risk management behavior measure, and in lipid control status in 2016 and 2017 were investigated. Potential
factors associated with lipid control were also explored using logistic regression analysis.

Results Among 154,421 subjects without antidyslipidemic drug prescription and with uncontrolled lipid levels in 2015,
93.6% remained without antidyslipidemic drug prescription in both 2016 and 2017. Of these subjects, 76.8% and 76.4%
continued having uncontrolled lipid levels in 2016 and 2017, respectively. Fewer subjects without prescription achieved
lipid control than those with prescription. Various factors were associated with lipid control, with high LDL-c as the greatest
risk factor for uncontrolled lipid levels.

Conclusions These results suggest that most health checkup recipients may not have changed their behaviors; that is, they may
have not sought medical treatment and continued having uncontrolled lipid levels in the years following the unfavorable health
checkup results. To encourage subjects to initiate desirable behavioral changes, more practical support may be essential.
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Of the health checkup recipients who were not pre-
scribed antidyslipidemic drugs and had uncontrolled
lipid levels as reported in previous health checkup results
in 2015, non-prescription status did not change in 96.3%
in 2016 and in 97.1% in 2017 and uncontrolled lipid
status did not change from 2015 to 2017 in > 75%.

These results suggest the importance of pharmacological
treatment in lipid control and that more approaches are
essential to encourage desirable behavioral changes for
maintaining and promoting workers’ health and eventu-
ally for cardiovascular disease prevention in Japan.

Lipid parameter values as well as body mass index and
smoking status in 2015 were found to be associated
with uncontrolled lipid status in 2016, suggesting the
importance of cardiovascular event prevention through
comprehensive approaches including pharmacological
treatment for dyslipidemia and modifying cardiovascu-
lar-related lifestyle behaviors.

1 Introduction

Once considered as diseases in high-income countries, non-
communicable diseases (NCDs) have become a universal
health concern [1]. NCDs accounted for 73.4% of deaths
globally in 2017, and cardiovascular diseases (CVDs) were
primary contributors to NCD deaths [2]. CVDs are the
leading causes of mortality worldwide [2] and in Japan [3],
and the global death toll due to CVDs has been increasing
in recent years [4]. With the devastating impact of NCDs,
including CVDs, on patients and society [5, 6], it is neces-
sary to reduce the burden of NCDs by preventing and con-
trolling CVDs as well as other NCDs for global health and
sustainable development [7].

Dyslipidemia is a globally common condition. Along
with other metabolic factors including hypertension and
obesity, and lifestyle-related factors including smoking, dys-
lipidemia is a risk factor for atherosclerosis, which is a major
underlying pathogenesis of CVDs [8]. Elevated serum lipid
levels are associated with an increased risk of cardiovascular
(CV) events [9—12]. Meanwhile, CVDs are largely prevent-
able and treatable by modifying risk factors. Lowering lipid
levels, especially low-density lipoprotein-cholesterol (LDL-
c) levels, can contribute to CV risk reduction [13, 14]. Lipid
monitoring and control play a pivotal role in CVD preven-
tion [15, 16].
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However, lipid parameters are often not well controlled in
real-world settings. A previous study using health checkup
data extracted from the Japanese employment-based health
insurance database demonstrated a trend of suboptimal lipid
control in Japan [17]. Similar results were reported in two
national databases of the Specific Health Checkups and Spe-
cific Health Guidance (MHLW-SH) issued in 2010 [18] and
the National Health and Nutrition Survey (MHLW-H&N)
issued in 2015 [19].

Japanese corporate employers are obligated to offer their
employees and their dependents annual regular health check-
ups and guidance programs to enable them to be aware of
their own health conditions and to promote and maintain
their health to prevent CVD and lifestyle-related diseases.
Additionally, a new statutory health checkup program com-
menced in 2008 with the aim of specifically preventing met-
abolic syndrome in insured individuals and dependents aged
> 40 years. As a part of these programs, employers are stipu-
lated to notify their employees of the health checkup results
and adopt follow-up measures, including encouragement for
medical consultation and/or lifestyle modifications in case
of abnormal findings. It is expected that health checkup
recipients who were notified of their elevated CV risk and
received follow-up encouragement would positively change
their behaviors; for example, seek treatment from healthcare
professionals and/or quit smoking and focus on body mass
index (BMI) management. These changes would reduce the
risk of CVD, and eventually, NCDs. However, the effect of
these programs on behavioral changes and subsequent clini-
cal outcomes has not been clearly assessed.

Therefore, the objective of this study was to investigate
the changes in CV risk management behaviors after receiv-
ing unfavorable health checkup results on serum lipids
among subjects without antidyslipidemic drug prescrip-
tion and uncontrolled lipid levels who can be at an elevated
risk of CV events in a real-world setting. Additionally, we
exploratorily investigated the potential factors associated
with lipid control to gain an insight into the improvement of
lipid control in Japan.

2 Methods

2.1 Study Design

This was a retrospective cohort study using a Japanese
healthcare database managed by MinaCare Co., Ltd (Tokyo,
Japan).

2.2 Data Source

The MinaCare database is an employment-based health
insurance database that includes periodically updated
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health checkup data and medical/pharmaceutical claims
data of the employees and their dependent family members
since 2010. The MinaCare database covers a wide range of
age groups up to 74 years of employees that work in large-
scale nationwide retailers and manufacturers, and those in
food, information, transportation, and energy industries.
Individuals aged > 75 years are not included in this data-
base because they are included in a different insurance
program. The database contains approximately 6.1 mil-
lion individuals’ data with medical and pharmaceutical
claims and approximately 2.3 million individuals’ data
with health checkups (as of February 2020).

During a health checkup, a recipient undergoes physical
examination, including body weight measurement, blood
pressure, and blood tests as well as physicians’ examina-
tions. In addition, at the time of the checkup, individuals
must complete a questionnaire about their lifestyle, such as
smoking. Health checkup data include data on individuals’
demographics, smoking status, and various examination
results and self-reported lifestyle habits.

2.3 Ethics Statement

This study involves data that exist in an anonymized
structured format and contains no personal information.
Therefore, obtaining informed consent from subjects and
approval for this study from the ethical review committee
was not required because studies using only un-linkable
anonymized data are outside the scope of the “Ethical
Guidelines for Medical and Health Research Involving
Human Subjects” set by the Japanese government. The
study was conducted in accordance with legal and regula-
tory requirements (e.g., privacy protection laws) as well as
with scientific purpose, value, and rigor. MinaCare man-
ages such anonymized data under the data transfer contract
with client health insurers.

2.4 Data Extraction and Management

Health checkup data between 2015 and 2017 (the lat-
est available 3-year period at the time of planning) and
prescription claims data between 2014 and 2017 were
extracted from the MinaCare dataset based on Japan’s fis-
cal year of April through March. Health checkups are usu-
ally conducted annually; in case of multiple records in any
given year, the first record was used to render three records
for each subject corresponding to 2015, 2016, and 2017.

From the checkup data, we used data on lipid parameter
values as well as demographic and clinical characteristics,
including self-reported smoking status.

2.5 Study Population

Subjects were included if they (1) were aged 20-74 years at
the time of their health checkup in the baseline year (2015);
(2) had health checkup data on LDL-c, high-density lipo-
protein-cholesterol (HDL-c), and triglyceride (TG) values
for 3 consecutive years from 2015 to 2017 in the MinaCare
database; and (3) did not have prescription records of anti-
dyslipidemic drugs and had uncontrolled lipid levels based
on checkup results at baseline. Antidyslipidemic drugs and
lipid control status are defined in detail in Sect. 2.6.

2.6 Outcome Measures and Definitions

The primary outcome measures were antidyslipidemic drug
prescription and lipid control status in the subsequent year
in 2016. CV risk management behavior was primarily meas-
ured using antidyslipidemic drug prescriptions.

Antidyslipidemic drugs were defined by the prescription
record of the drugs listed in Supplementary Table 1 (see
electronic supplementary material [ESM]), within 6 months
prior to the health checkup. There was a 99.5% agreement
between antidyslipidemic drug prescriptions within 6
months and 12 months prior to the health checkup. Thus,
antidyslipidemic drug prescription within 6 months prior
to the health checkup was consistently used in the analyses.

Lipid control status was classified as controlled or uncon-
trolled, based on the diagnostic criteria used for dyslipi-
demia screening [16, 20]. An uncontrolled lipid status was
defined as the presence of any one of the following: LDL-c
> 140 mg/dL, HDL-c < 40 mg/dL, or TG > 150 mg/dL;
and a controlled lipid status as LDL-c < 140 mg/dL, HDL-c
> 40 mg/dL, and TG < 150 mg/dL [16, 20].

To supplement the assessment of changes in CV risk
management behaviors after the health checkup and guid-
ance program at baseline, data on self-modifiable CV risk
management behaviors (i.e., BMI and smoking status) col-
lected at health checkups in the following year (2016) were
assessed as secondary outcome measures. BMI was based
on the data obtained during the health checkup examination.
Smoking status was based on the recipient’s response to the
question about their current smoking habit (yes or no) in a
questionnaire administered during the checkup; ex-smokers
or those who never smoked were considered non-smokers.

In addition to BMI and self-reported smoking status,
demographic and clinical characteristics, such as sex, age,
antihypertensive and diabetes mellitus (DM) drug prescrip-
tion, and metabolic syndrome were assessed as potential
factors associated with lipid control. The same 6-month
period as for antidyslipidemic drugs was applied to anti-
hypertensive and DM drug prescriptions. Metabolic syn-
drome was defined as waist circumference > 85 cm (males)
or > 90 cm (females) and the presence of at least two of
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the following: (1) antihypertensive drug prescription and/or
systolic blood pressure > 130 mmHg and/or diastolic blood
pressure > 85 mmHg; (2) antidyslipidemic drug prescrip-
tion and/or TG > 150 mg/dL and/or HDL-c < 40 mg/dL;
and (3) DM drug prescription and/or fasting blood glucose
> 110 mg/dL [21].

As a baseline characteristic, the cutoff level for blood
pressure (BP) and hypertension stages was based on the
Japanese Society of Hypertension Guidelines for the Man-
agement of Hypertension in 2014 that were in place at the
time of baseline health checkups [22].

2.7 Statistical Analysis

Demographic and clinical characteristics and primary and
secondary outcome measures were descriptively sum-
marized. To investigate changes in CV risk management
behavior after receiving unfavorable health checkup results,
the main focus of this study was to describe changes in the
primary outcomes from the study baseline (2015) to the
following year (2016). To further analyze the changes in
these primary outcomes, we followed up and summarized
the changes in primary outcomes for another year to 2017.
We calculated the proportion of subjects with and without
antidyslipidemic drug prescription in 2016 and 2017 based
on the prescription status in the previous year. By the pre-
scription status each year, the proportion of subjects with
controlled and uncontrolled lipid status in 2016 and 2017
was calculated. Lipid control in 2016 was also summarized,
considering the effects of sex, age, baseline lipid measures,
and antidyslipidemic drug prescription in 2016. Mean val-
ues, changes from the baseline, and the proportion of sub-
jects achieving the target values for each lipid parameter
were also summarized.

As for secondary outcome measures, the BMI status in
2016 of the subjects with baseline BMI > 25 kg/m? and self-
reported smoking status in 2016 of > 40-year-old smokers
at baseline were descriptively summarized. The analyses for
BMI excluded missing values, which were rare (< 0.1%).
For smoking, the analysis was restricted to individuals aged
> 40 years because many responses were missing for those
aged < 40 years.

A multivariate logistic regression analysis was performed
to explore the association of potential factors with the out-
come variable of an uncontrolled lipid status in 2016. The
following baseline explanatory variables from 2015 were
included in the analysis: sex, age category, lipid parameter
values, obesity status (BMI < 25/> 25 kg/mz), smoking sta-
tus (yes/no/missing or not reported), antihypertensive drug
prescription (yes/no), DM drug prescription (yes/no), and
metabolic syndrome status (yes/no). The cutoff point for obe-
sity was BMI > 25 kg/m? [22]. The analysis was conducted
separately for those with and without antidyslipidemic drug
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prescription in 2016 and excluded subjects with missing
BMI values. For each factor, the odds ratio (OR) and 95%
confidence interval (CI) were calculated.

No formal hypothesis testing was used owing to the
exploratory nature of the study. The 95% CI for OR that
excluded 1 was sometimes referred to as ‘statistically
significant’.

SAS version 9.4 and R 3.5.0 were used for statistical
analysis.

3 Results
3.1 Subject Flow and Baseline Characteristics

Figure 1 shows the flow of the subjects in this study. A total
of 154,421 subjects had no prescription record of antidyslip-
idemic drugs and had an uncontrolled lipid status at baseline
(2015); thus, they were considered as the study population.

Table 1 summarizes the demographic and clinical charac-
teristics of the subjects at baseline. Of the subjects included,
31.2% were females and 68.8% were males. The most com-
mon age group was 50-59 years and 40-49 years for female
and male subjects, respectively. Of the three lipid param-
eters, based on which lipid control status was defined, the
LDL-c target was not achieved by the largest proportion of
both female and male subjects (85.8% and 64.0%, respec-
tively), followed by TG (25.1% and 53.2%, respectively) and
HDL-c (3.9% and 16.5%, respectively).

3.2 Change in Antidyslipidemic Drug Prescription
Status

Among those included, 96.3% (148,783/154,421) in 2016
and 97.1% (144,516/148,783) in 2017 continued without
the prescription (Fig. 2). Even when the prescription was
started in 2016, 27.1% (1,527/5,638) of the subjects were no
longer prescribed antidyslipidemic drugs in 2017. Overall,
the prescription status did not change from ‘no’ for most
subjects from 2015 to 2017 (93.6% [144,516/154,421]). The
prescription proportion in 2016 increased with age; from
0.9% in < 30-year-olds to 9.5% in > 70-year-olds (Supple-
mentary Figure 1, see ESM).

3.3 Changesin Lipid Control Status

In line with the unchanged prescription status, most subjects
had an uncontrolled lipid status in 2016 (118,037/154,421
[76.4%]) and 2017 (115,925/154,421 [75.1%]). Fig. 3 sum-
marizes the lipid control status in 2016 and 2017 by the anti-
dyslipidemic drug prescription status each year. Fewer subjects
without prescription achieved lipid control than those with
prescription. Among those who had no prescription in 2016
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Fig.1 Subjects flow. HDL-c
high-density lipoprotein-
cholesterol, LDL-c low-density
lipoprotein-cholesterol, TG
triglyceride

Checkup recipients with health checkup data
in the MinaCare database in 2015

n =931038

Recipients aged 20-74 years in 2015
and 3-year health checkup data 2015-2017

n = 468202

Recipients with LDL-c, HDL-c, and TG values
for 3 consecutive years from 2015 to 2017

n =462140

Study population

and 2017 as the most common prescription pattern, 76.8% and
76.4% did not achieve lipid control, respectively (Fig. 3b). In
contrast, when the prescription continued for 2 years (2016
and 2017), approximately 50% had an uncontrolled lipid status
each year.

As observed in the whole study population, a smaller pro-
portion of subjects achieved lipid control without antidys-
lipidemic drug prescription than those with the prescription,
regardless of sex and age, but only in the subgroups with
LDL-c > 140 mg/dL (Fig. 4a), HDL-c > 40 mg/dL (Fig. 4b),
and TG < 150 mg/dL at baseline (Fig. 4c).

Supplementary Table 2 (see ESM) shows the change in
each lipid parameter value and the proportion of each target
achieved by antidyslipidemic drug prescription from 2015 to
2017. Based on the mean LDL-c values and proportion of
the target achievers, LDL-c was better controlled in subjects
with antidyslipidemic drug prescription than in those with-
out, particularly in the first year of the prescription, yielding a
reduction of approximately 40 mg/dL. TG was decreased more
in those with a prescription than in those without. In contrast,
HDL-c control did not change greatly over the years, regard-
less of prescription patterns.

Recipients with uncontrolled lipid level
without antidyslipidemic drug prescription in 2015

n = 154421

3.4 Factors Associated with an Uncontrolled Lipid
Status in the Subsequent Year

A logistic regression analysis was performed to explore
the factors associated with an uncontrolled lipid status in
2016 with 2015 as the baseline year (Fig. 5).

Most of the baseline factors were found to be either
positively (more likely to have) or negatively (less likely
to have) associated with uncontrolled lipid status in 2016.
LDL-c > 140 mg/dL in 2015 was positively associated
with uncontrolled lipid status in 2016 for those who were
not prescribed antidyslipidemic drugs in 2016 (OR 5.784
[95% CI 5.523-6.056]) (Fig. 5a) and negatively associ-
ated with uncontrolled lipid status in 2016 for those who
were prescribed antidyslipidemic drugs in 2016 (OR 0.755
[95% CI 0.627-0.909]) (Fig. 5Sb). Abnormal values for
the other lipid parameters, HDL-c < 40 mg/dL and TG
> 150 mg/dL, as well as the other self-modifiable factors,
BMI > 25.0 kg/m? and smoking status in 2015, remained
risk factors for uncontrolled lipid status in 2016, regardless
of whether the subjects were prescribed antidyslipidemic
drugs in 2016 or not.
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Table 1 Subject characteristics
at baseline in 2015

Characteristics All (N =154,421)

Female Male
(n=48,163 [31.2%]) (n= 106,258 [68.8%])
n (%) ormean + SD 1 (%) or mean + SD
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Age (years) 48.7+9.4 443 +9.4
20-29 1661 (3.4) 7411 (7.0)
30-39 5524 (11.5) 23,360 (22.0)
40-49 17,361 (36.0) 44,600 (42.0)
50-59 17,702 (36.8) 25,014 (23.5)
60-69 5567 (11.6) 5508 (5.2)
70-74 348 (0.7) 365 (0.3)

SBP (mmHg) 117.4 £ 17.2 1229 + 15.1

DBP (mmHg) 727+ 11.7 777+ 114

BP stage?

Optimum 26,274 (54.6) 40,138 (37.8)
Normal 10,000 (20.8) 28,749 (27.1)
Normal high 5976 (12.4) 18,492 (17.4)
HT stage 1 4449 (9.2) 14,036 (13.2)
HT stage II 1149 (2.4) 3800 (3.6)
HT stage III 309 (0.6) 1035 (1.0)

LDL-c (mg/dL) 1547 +27.5 1432 +£31.0
< 140 6851 (14.2) 38,295 (36.0)
> 140 41,312 (85.8) 67,963 (64.0)

HDL-c (mg/dL) 66.0 +16.7 51.7+12.7
<40 1873 (3.9) 17,504 (16.5)
> 40 46,290 (96.1) 88,754 (83.5)

TG (mg/dL) 117.6 +79.5 175.6 + 128.1
< 150 36,096 (74.9) 49,682 (46.8)
> 150 12,067 (25.1) 56,576 (53.2)

Lipid control status
Controlled 0 0
Uncontrolled 48,163 (100) 106,258 (100)

BMI (kg/m?) 232+ 4.1 24.9 + 3.6
<250 34,877 (72.4) 61,307 (57.7)
>25.0 13,268 (27.6) 44,945 (42.3)
Missing 18 (0) 6 (0)

Current smoking
Yes 7445 (15.5) 36,652 (34.5)
No 39,485 (82.0) 61,302 (57.7)
Missing 1233 (2.6) 8304 (7.8)

Antihypertensive drug prescription within 6 months
Yes 3582 (7.4) 8636 (8.1)

No
Antidyslipidemic drug prescription within 6 months
Yes

44,581 (92.6)

0

97,622 (91.9)

0

No 48,163 (100) 106,258 (100)
DM drug prescription within 6 months

Yes 597 (1.2) 2132 (2.0)

No 47,566 (98.8) 104,126 (98.0)
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Table 1 (continued) Characteristics

All (N =154,421)

Female Male
(n=48,163 [31.2%]) (n= 106,258 [68.8%])
n (%) ormean + SD 1 (%) or mean + SD

Metabolic syndrome
Yes
No

2563 (5.3)
45,600 (94.7)

20,258 (19.1)
86,000 (80.9)

Prescription records included in the analysis were those made within 6 months prior to the health checkup

#The checkup results of SBP and DBP at baseline were as follows: optimal SBP < 120 and DBP
< 80 mmHg, normal as SBP 120-129 and/or DBP 80-84 mmHg, high-normal SBP 130-139 and/or DBP
85-89 mmHg, HT grade I as SBP 140-159 and/or DBP 90-99 mmHg, HT grade II as SBP 160-179 and/or
DBP 100-109 mmHg, and HT grade III as SBP > 180 and/or DBP > 110 mmHg; defined according to the
Japanese Society of Hypertension Guidelines for the Management of Hypertension in 2014 that were used
in the clinical settings at the time of baseline health checkups[22]

BP blood pressure, BMI body mass index, DBP diastolic blood pressure, DM diabetes mellitus, HDL-c
high-density lipoprotein-cholesterol, HT hypertension, LDL-c low-density lipoprotein-cholesterol, SBP sys-
tolic blood pressure, SD standard deviation, 7G triglyceride

n=154,421

0% 20% 40%

2016

60% o 100%

2017 (Antidyslipidemic drug prescription in 2016=No)

9% ®No
mYes

n=148,783

0% 20% 40% 60% 80% 100%

2017 (Antidyslipidemic drug prescription in 2016=Yes)

mNo
mYes

n=5,638

0% 20% 40% 60% 80% 100%

Fig.2 Antidyslipidemic drug prescription in 2016 and 2017 (N = 154,421). Prescription records made within 6 months prior to the health

checkup are included

Of the factors found to be positively associated with
an uncontrolled lipid status in the logistic regression
analysis, we further explored the lipid control status by
self-modifiable factors, BMI, and self-reported smok-
ing status at baseline (Table 2). Regardless of antidys-
lipidemic drug prescriptions, more non-obese than obese
(lipid control without/with prescription: 25.9%/51.8%
and 17.5%/37.5%, respectively) and more non-smokers
than smokers (lipid controlled without/with prescription:
23.4%/50.0% and 20.7%/34.6%, respectively) achieved
lipid control.

3.5 Changes in BMI and Smoking Status

We additionally explored changes in CV risk management
behaviors in terms of the secondary outcome measures of
BMI and smoking status in 2016. Consistent with the pri-
mary outcome measure of antidyslipidemic drug prescrip-
tion, in most subjects, BMI and smoking status did not
change from baseline. Of a subset of obese subjects (BMI
> 25.0 kg/m?) at baseline, 91.0% continued to be categorized
as obese in 2016, and 94.2% of > 40-year-old self-reported
smokers at baseline continued smoking in 2016.
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a Antidyslipidemic drug prescription and lipid control status in 2016

20%

0% 10% 30% 40%

Antidyslipidemic drug prescription in 2016 (n=154,421)

50%

mNo mYes

60% 70% 80% 100%

Lipid control status in the subjects without
antidyslipidemic drug prescription in 2016 (n=148,783)

Lipid control status in the subjects with antidyslipidemic
drug prescription in 2016 (n=5,638)

77.3% 22.7%

54.4% 45.6%

0% 20% 40%

@Lipid uncontrolled

60%

OLipid controlled

80% 100%

0% 20% 40% 60% 80% 100%

D Lipid uncontrolled  TLipid controlled

b Antidyslipidemic drug prescription and lipid control status in 2016 and 2017

0% 10% 20% 30% 40%

mNo/No = No/Yes

Antidyslipidemic drug prescription in 2016 and 2017 (n=154,421)

50%
Yes/No mYes/Yes

7%

60% 70% 80% 90% 100%

Lipid control status in
No/No (n=144,516)

Lipid control status in
No/Yes (n=4,267)

2016 ‘

76.8% |23.2% 2016 ’ 94.6% 5'4|%

2017 ‘

76.4% |23‘6% 2017‘ 55.1% | 44.9% |

0% 50% 100% 0% 50% 100%

DLipid uncontrolled D Lipid controlled OLipid uncontrolled DLipid controlled

Fig.3 Lipid control status by antidyslipidemic drug prescription in
2016 and 2017. Prescription records made within 6 months prior to
the health checkup are included. Proportion of subjects who did and
did not achieve a lipid control status by antidyslipidemic drug pre-

4 Discussion

Although subjects had not been prescribed antidyslipidemic
drugs and had health checkup results indicating an uncon-
trolled lipid status in the baseline year (2015), most subjects
remained untreated with antidyslipidemic drugs, and more
than 75% continued to have uncontrolled lipid levels in 2016
and 2017 in this study.

Theoretically, all residents in Japan are covered by public
medical insurance and have the freedom to receive treatment
at any of the healthcare institutions, generally with a small
out-of-pocket expense. Even under this condition, our results
describe a ‘real-world’ situation wherein approximately 95%
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Lipid control status in
Yes/Yes (n=4,111)

Lipid control status in
Yes/No (n=1,527)

2016 | | 32.9% 2016 ‘ 49.7% | 50.3% |

67.1%

2017 | 80.3% |19.7%| 2017 ‘ 48.4% | 51.6% |

0% 50% 100% 0% 50% 100%

OLipid uncontrolled DLipid controlled OLipid uncontrolled D Lipid controlled

scription pattern in 2016: a no or yes; b from 2016 to 2017: no/no
(remained without prescription), no/yes (started prescription in 2017),
yes/no (started in 2016 but discontinued prescription in 2017), and
yes/yes (continued prescription)

of subjects were not prescribed antidyslipidemic drugs,
despite checkup results suggesting dyslipidemia. Further-
more, our analysis revealed a gap between accumulated
evidence of antidyslipidemic medication benefits and the
reality of controlling lipid parameters. A meta-analysis of 27
randomized controlled trials of statin treatment reported that
lowering LDL-c by approximately 1 mmol/L (~ 39 mg/dL)
yielded a 21% reduction in major vascular events, irrespec-
tive of baseline risks of major vascular events [14]. In the
present study, in subjects who started antidyslipidemic drugs
in 2016 and 2017, LDL-c was reduced by approximately
40 mg/dL in the same year. However, 27.1% of the patients
discontinued the treatment in 2017. Overall, most subjects
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Fig.4 Lipid control status by sex, lipid parameter values at base- »

line (2015), and age at baseline (x-axis). Proportion of lipid control
achievers (blue) and non-achievers (red) in subgroups stratified by
multiple factors (i.e., age, sex, antidyslipidemic drug prescription in
2016, and three lipid parameter targets (a LDL-c < 140 or > 140 mg/
dL, b HDL-c < 40 or > 40 mg/dL, ¢ TG < 150 or > 150 mg/dL).
HDL-c high-density lipoprotein-cholesterol, LDL-c low-density lipo-
protein-cholesterol, TG triglyceride

did not receive antidyslipidemic drug prescriptions, and
more than three quarters of subjects without the prescription
failed to achieve lipid control, as substantiated in the poor
lipid control status in previous studies [17-19]. Although
nearly half of the subjects prescribed antidyslipidemic drugs
for 2 years remained with an uncontrolled lipid status, our
analysis, coupled with previous findings, may underscore the
importance of pharmacological treatment for lipid control.

Difficulty in changing the checkup recipient’s behav-
ior was also supported by the lack of change in secondary
measures (BMI and smoking status) as in previous stud-
ies. Another report on blood pressure control, utilizing the
same MinaCare database, showed a substantial proportion,
albeit smaller than dyslipidemia, of subjects who did not
receive proper treatment despite the checkup results indi-
cating hypertension ([23], in press). In another Japanese
statutory health checkup targeting metabolic syndrome,
recipients with an increase in visceral fat with one or more
additional risks are recommended to participate in the sub-
sequent health guidance program to support behavioral
modification. A database study of this checkup program
revealed that most recipients eligible did not attend these
programs, despite the results and recommendations calling
for change [24, 25]. One possible scenario for the lack of
change in antidyslipidemic drug prescription status in the
present study population is that even though the subjects
sought treatment, some physicians may have prioritized life-
style improvement over medication according to therapeutic
guidelines for dyslipidemia [16], particularly for subjects
who had uncontrolled HDL-c levels. However, this may have
been the case for only a certain proportion of subjects, con-
sidering that only about 12.5% of the subjects had abnormal
findings in HDL-c levels alone or with the other parameters
at baseline, and thus might not affect the overall trend of the
drug prescription status observed in this study. The absence
of subjective symptoms, particularly in the earlier stages of
dyslipidemia, may also serve as a barrier to initiate behav-
ioral changes. This may be particularly the case for younger
checkup recipients, marked with a smaller antidyslipidemic
drug prescription proportion. Moreover, considering the
lower awareness of dyslipidemia (compared with hyperten-
sion) suggested in a previous study in Japan [26] and in
comparison with the aforementioned report on BP [23], the
fact that lipid parameter values are measured only on blood

a By LDL-c value
1) Antidyslipidemic drug prescription 2016: No
Female Male
LDL-c <140 mg/dL (2015) | LDL-c 2140 mg/dL (2015)|LDL-c <140 mg/dL (2015) | LDL-c 2140 mg/dL (2015)
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b By HDL-c value
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a Subjects without antidyslipidemic drug prescription in 2016 (n=148,759)

Odds ratio
Lower 95%CL Upper 95%CL
Female (ref. male) | : 4 : S 10809 0832 0.857
Age 2029 years (ref. age 40-49 years) | M | © © 11 10609 0645 0682
Age 30-39 years (ref. age 4049 years) ‘ 0.785 0.813 0.843
Age 50-59 years (ref. age 4049 years) <o 1.164 1.202 1.241
Age 60-69 years (ref. age 4049 years) ¢ 1226 1.295 1.367
Age 70-74 (ref. age 40—49 years) i—-‘—| 0.812 0.974 1.168
LDL-c 2140 mg/dL (ref. LDL-c <140 mg/dL) {G 5523 5784 6.056
HDL-c <40 mg/dL (ref. HDL-c 240 mg/dL) | © © : @ 3441 3625 3819
TG 2150 m/dL (ref. TG <150 mg/dl) | © © © : % . 3206 3349 3497
BMI 225.0 kg/m? (ref. BMI <25.0kg/m?) | © © © i @ 10 1388 1430 1472
Smoking MSNR (ref.no) | i : i) 0D 1072 1136 1203
Smoking (ref.no) | i 4 00 1074 1106 1.139
Antihypertensive drug prescription (ref. no) i‘t 0.892 0.940 0.989
DM drug prescription (ref.no) | 4 00 o078t 0867 0962
Metabolic syndrome (ref. no)é H : : A L 1.047 1.097 1.151
T i ‘

0.5 0.8 1 2 3 4 5 6

b Subjects with antidyslipidemic drug prescription in 2016 (n=5,638)

Odds ratio
Lower 95%CL Upper 95%CL

Female (ref. male) 0.863 0.978 1.108

Age 20-29 years (ref. age 4049 years) 1.181 2111 3.773

Age 30-39 years (ref. age 40—49 years) 1.011  1.294 1.654
Age 50-59 years (ref. age 4049 years) 0.715 0.818 0.936

Age 60-69 years (ref. age 40—49 years) 0.684 0.818 0.978

Age 70-74 (ref. age 40—49 years) | | 0.319 0544 0.928

LDL-c 2140 mg/dL (ref. LDL-c <140 mg/dL) 0.627 0.755 0.909
HDL-c <40 mg/dL (ref. HDL-c 240 mg/dL) 1.953 2442 3.053
TG 2150 mg/dL (ref. TG <150 mg/dL) 2411 2765 3.170
BMI 225.0 kg/m? (ref. BMI <25.0 kg/m?) 1.163 1.321  1.501
Smoking MS/NR (ref. no) 0.637 0.995 1.553
Smoking (ref. no) 1170 1.341 1.536
Antihypertensive drug prescription (ref. no) 0.616 0.718 0.837

DM drug prescription (ref. no) 0.556 0.716  0.923

Metabolic syndrome (ref. no) 0.787 0933 1.107

06 08 1 2 3 4

03 04
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«Fig.5 Factors associated with uncontrolled lipid status in 2016. Odds
ratios for the status of “uncontrolled lipid status in 2016 as an out-
come variable were calculated using a multivariate logistic regression
model. The following variables at baseline (2015) were included as
explanatory variables: sex; age; LDL-c, HDL-c, and TG levels; obe-
sity status; smoking status; antihypertensive drug prescription within
6 months; DM drug prescription within 6 months; and metabolic
syndrome. The analysis was conducted separately for a those without
antidyslipidemic drug prescriptions in 2016 and b those with antidys-
lipidemic drug prescriptions in 2016, where drug prescription status
in 2016 was based on claims prescription records within 6 months
prior to the health checkup in 2016. Subjects with missing BMI val-
ues were excluded. BMI body mass index, CL confidence limit, DM
diabetes mellitus, HDL-c high-density lipoprotein-cholesterol, LDL-c
low-density lipoprotein-cholesterol, MS/NR missing or no response,
TG triglyceride

Table 2 Lipid control status in 2016 by smoking and BMI status at
baseline and antidyslipidemic drug prescription in 2016

Lipid control (2016)

Controlled Uncontrolled
n (%) n (%)
Smoking
Smoking: yes (2015) 9314 (21.1) 34,781 (78.9)
Antidyslipidemic drug prescription
(2016)
Yes 508 (34.6) 959 (65.4)
No 8806 (20.7) 33,822 (79.3)

Smoking: no (2015)
Antidyslipidemic drug prescription

24,638 (24.5) 76,127 (75.5)

(2016)

Yes 2020 (50.0) 2020 (50.0)

No 22,618 (23.4) 74,107 (76.6)
Smoking: MS/NR (2015) 2417 (25.3) 7120 (74.7)

Antidyslipidemic drug prescription

(2016)

Yes 43 (32.8) 88 (67.2)

No 2374 (25.2) 7032 (74.8)
BMI

BMI: < 25.0 kg/m? (2015)
Antidyslipidemic drug prescription

25,703 (26.7) 70,481 (73.3)

(2016)
Yes 1656 (51.8) 1539 (48.2)
No 24,047 (25.9) 68,942 (74.1)

BMI: > 25.0 kg/m? (2015)
Antidyslipidemic drug prescription

10,666 (18.3) 47,547 (81.7)

(2016)
Yes 915(37.5) 1528 (62.5)
No 9751 (17.5) 46,019 (82.5)

Prescription records made within 6 months prior to the health
checkup are included

Subjects with missing BMI data were excluded from the BMI analy-
sis

BMI body mass index, MS/NR missing or no response

examinations, in contrast to the wide availability of BP self-
monitoring devices, may also contribute to forming a barrier.

Although the barriers to behavioral change among sub-
jects who received unfavorable health checkup results are
still unclear, warranting further studies, our results suggest
that additional approaches are required to encourage the
recipients to change their behavior. Employers are required
to strive to provide employees who have abnormal findings
during checkups with health instructions and recommenda-
tions for secondary examinations. In reality, however, more
than 30% of employers did not encourage their employees to
undergo a secondary work-up or provide health instructions,
according to the national survey [27]. Theoretically, all Japa-
nese employees and their dependents undergo regular health
checkups annually. Therefore, maximizing this opportunity
with a more intensive approach, including education and
regular reminders, may elicit behavioral change and ulti-
mately prevent CVD and other NCDs at a population level.

Our results suggest the importance of pharmacological
LDL-c management in lipid control. Among the various
factors found to be associated with uncontrolled lipid status
using logistic regression, high LDL-c (LDL-c > 140 mg/
dL) was the greatest risk, increasing the odds of lipid control
failure without antidyslipidemic drug prescription by five-
fold. Meanwhile, in subjects who started antidyslipidemic
drugs, LDL-c levels > 140 mg/dL decreased the odds of
lipid control failure. In contrast, abnormal TG and HDL-c
levels remained as risk factors for uncontrolled lipid status
regardless of the presence or absence of antidyslipidemic
drug prescription. Moreover, when the lipid control status
was stratified based on the target achievement of each lipid
parameter as well as sex and age, more subjects with anti-
dyslipidemic drug prescription achieved lipid control than
those without the prescription, regardless of sex and age,
but only in the subgroups with LDL-c > 140 mg/dL, HDL
> 40 mg/dL, or TG < 150 mg/dL. Based on the definition of
lipid control as abnormal values in at least one of the lipid
parameters (LDL-c, HDL-c, and TG), all three subgroups
(LDL-c > 140 mg/dL, HDL > 40 mg/dL, and TG < 150 mg/
dL) commonly included subjects with LDL-c > 140 mg/dL
at baseline. It is inferred that more patients who had elevated
LDL.-c levels may have achieved lipid control with antidys-
lipidemic drug prescription than those without, and this may
not always be applicable to those who had normal LDL-c
but abnormal HDL-c and/or TG values. These results may
reflect the actual situation in which most subjects with dys-
lipidemia had abnormal LDL-c levels (70.8% at baseline),
while smaller proportions had abnormal HDL-c or TG levels
(12.5% and 44.5%, respectively, at baseline). In addition,
considering the predominance of LDL-c-lowering agents in
antidyslipidemic drugs marketed in Japan, many subjects
are considered to have received pharmacological treat-
ment targeted at lowering LDL-c levels and regaining lipid
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control, leading to an apparent negative association between
uncontrolled lipid levels and baseline LDL-c > 140 mg/dL.
However, those with normal LDL-c¢ but abnormal HDL-c
or TG values may not benefit from LDL-c-lowering agents
or, for some reason, antidyslipidemic drugs prescribed to
improve HDL-c or TG levels may have failed to exert the
expected effects.

Nevertheless, the results also suggest the importance of
comprehensive lipid management that encompasses other
risks of lipid control failure, that is, BMI > 25.0 kg/m? and
smoking status, albeit with relatively small OR, as well
as HDL-c < 40 mg/dL and TG > 150 mg/dL. The Japan
Atherosclerosis Society guidelines recommend lifestyle
modification first for those without a history of coronary
artery disease, and in cases where lifestyle management
only cannot control the lipid status, pharmacological treat-
ment and lifestyle management are recommended [16].
However, in most subjects with obesity and a smoking
habit at baseline, these states did not change the next year,
suggesting that they did not engage in necessary lifestyle
modifications. Recently, total cholesterol levels have been
reported to be surging in Japan, possibly as a consequence
of the westernization of lifestyles [28]. Furthermore, amid
the demographic shift to a highly aging population, which
is associated with more CV events, CVD, and the ensuing
burden, over 30% of the Japanese population is projected
to be over 65 years in 2025 [29]. For the aging population
to live healthy and independent lives, there is an imminent
need for comprehensive CVD prevention and management
as well as boosting the motivation for behavioral alteration
from the bottom up, starting with the younger generations.

This study has several limitations. First, the database
was limited to Japanese employees and their dependents
covered by employment-based insurance and therefore
may not fully represent the entire population in Japan. The
database includes a relatively small proportion of elderly
people over 70 years and excludes workers of specific sec-
tors (e.g., self-employment) that were not covered by the
employment-based insurance. However, the proportion of
checkup recipients in these populations are smaller than
working generations (25-64 years) and corporate employ-
ees [30], all of whom are supposed to receive compulsory
checkups under the obligation imposed on their employers.
However, with a large sample size and relatively wide age
distribution, the database is considered to reflect the indi-
viduals insured by employment-based health insurance.
Indeed, a previous study using the MinaCare database
reported data consistent with two national data reports
[17]. This may rationalize the use of this database for the
present study. Second, the definition of antidyslipidemic
drugs included all antidyslipidemic drugs, not classified
by the indication for each parameter. That is, LDL-c-low-
ering agents and TG-lowering agents were both defined
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as ‘antidyslipidemic drugs’ (Supplementary Table 1, see
ESM). Finally, the nature of the database study was such
that antidyslipidemic drug prescriptions were the main
means of the subjects’ behavioral changes for CV man-
agement as well as BMI and smoking status. Checkup
recipients who consulted health care professionals and
were instructed and engaged in lifestyle modification with-
out drug prescription were not explicitly captured in the
data, although most included subjects failed to achieve
lipid control without the prescription. Prospective cohort
studies would allow a wider range of methods/outcomes
to assess subjects’ ‘behaviors’ more directly. These limita-
tions should be noted upon interpretation. Nevertheless,
prescription data allowed us to accurately capture the
pharmacological dyslipidemia management in Japan, as
it was not dependent on self-report data, which is more
prone to recall bias. Furthermore, to the best of our knowl-
edge, this study is important to gain insight into the effec-
tiveness of health checkup and guidance programs on CV
risk management behaviors in workers in Japan, the main
supporters of the economy and super-aging society, and
may warrant further studies on this issue.

5 Conclusion

Our results suggest that most health checkup recipients
with unfavorable serum lipid results without antidyslipi-
demic drug treatment may not have sought medical treat-
ment and continued to have uncontrolled lipid levels in
the following years. Difficulty in behavioral change after
health checkup and guidance programs are also sug-
gested by the results showing other self-modifiable CV
risk factors such as BMI and smoking status, which were
unchanged in approximately 90% of obese subjects and
smokers. To avoid leaving the recipients untreated and
unsupported and to encourage them to initiate desirable
behavioral changes, more practical support may be essen-
tial to maintain and promote workers’ health and eventu-
ally for CVD prevention in Japan.
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