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Aim: Using a nationwide epidemiological database, we sought to examine whether there was a sex difference in 
the association between lipid profiles and subsequent cardiovascular disease (CVD) in young adults.

Methods: Medical records of 1,909,362 young adults (20–49 years old) without a prior history of CVD and 
not taking lipid-lowering medications were extracted. We conducted multivariable Cox regression analyses to 
identify the association between the number of abnormal lipid profiles and incident CVD. 

Results: After a mean follow-up of 3.4±2.6 years, myocardial infarction (MI), angina pectoris (AP), stroke, and 
heart failure (HF) developed in 2,575 (0.1%), 26,006 (1.4%), 10,748 (0.6%), and 24,875 (1.3%) subjects, 
respectively. The incidence of MI, AP, and HF increased with the number of abnormal lipid profiles in both men 
and women, whereas the incidence of stroke increased with the number of abnormal lipid profiles only in men 
but not in women. Multivariable adjusted hazard ratios (HRs) for MI per 1-point higher abnormal lipid profile 
were 1.57 (95% confidence interval [CI] 1.49–1.65) in men and 1.25 (95% CI 1.07–1.47) in women. HRs for 
AP, stroke, and HF per 1-point higher abnormal lipid profile were 1.14 (95% CI 1.12–1.16), 1.06 (95% CI 
1.02–1.09), and 1.10 (95% CI 1.08–1.12) in men and 1.18 (95% CI 1.13–1.23), 1.09 (95% CI 1.03–1.16), and 
1.10 (95% CI 1.05–1.14) in women.

Conclusion: Our analysis demonstrated an association between the number of abnormal lipid profiles and 
incident CVD in both men and women. The association between the number of abnormal lipid profiles and 
incident MI was pronounced in men.

which is a major cause of mortality and morbidity 
worldwide5-7). Particularly, the incidence of CVD in 
young adults is reported to be stagnating or even 
increasing8-11), and therefore, the importance of risk 

Introduction

Dyslipidemia plays a central role in the 
pathogenesis of cardiovascular disease (CVD)1-4), 
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We excluded subjects aged ＜20 years (n=43,732) 
and ≥ 50 years (n=1,411,212); taking lipid-lowering 
medications (n=52,307); with missing data on lipid-
lowering medications (n=258,704); with prior history 
of CVD (n=49,358); and with missing data on body 
mass index (n =1,015), waist circumference 
(n=256,084), blood pressure (n=987), fasting plasma 
glucose (n=316,882), medications (n=51), and 
cigarette smoking (n=7,257). Finally, we analyzed 
1,909,362 participants. A flowchart is shown in Fig.1.

Ethics
This study was approved by the Ethical 

Committee of The University of Tokyo (2018-10862) 
and conducted in accordance with the principles of 
the Declaration of Helsinki. The requirement for 
informed consent was waived because all data in the 
JMDC Claims Database were anonymized. All data 
were compliant with the International Conference on 
Harmonization guidelines19).

Definitions
Abnormal lipid profiles were defined as levels of 

LDL-C ≥ 140 mg/dL, HDL-C ＜40 mg/dL, or 
triglycerides ≥ 150 mg/dL. Obesity was defined as a 
body mass index of ≥ 25 kg/m2. High waist 
circumference was defined as waist circumference of ≥ 
85 cm for men and ≥ 90 cm for women 20). 
Hypertension was defined as a systolic blood pressure 
of ≥ 140 mmHg or a diastolic blood pressure of ≥ 90 
mmHg or the use of blood pressure-lowering 
medications. Diabetes mellitus was defined as a fasting 
glucose level of ≥ 126 mg/dL or the use of glucose-
lowering medications.

Statistical Analysis
Descriptive statistics are reported as median 

(interquartile range) and number (percentage). 
Categorical and continuous variables were compared 
using the chi-square test and unpaired t-test, 
respectively, for both men and women. We conducted 
Cox regression analysis to identify the association of 
the number of abnormal lipid profiles with incident 
CVD in men and women. Model 1 is unadjusted. 
Model 2 includes adjustment for age. Model 3 
includes adjustment for age, obesity, high waist 
circumference, hypertension, diabetes mellitus, and 
cigarette smoking. The P values for interactions 
between men and women were calculated in a 
multivariable model. We also analyzed the association 
between abnormal lipid profiles and incident CVD. 
There were missing data, as shown in Fig.1. Hence, 
we used multiple imputation to replace those missing 
data with other plausible values by creating multiple 

stratification and prevention of CVD in young adults 
is currently being recognized. Regarding CVD in 
young adults, we previously reported that dyslipidemia 
was associated with a greater risk of subsequent CVD 
events in young adults aged ＜50 years12). Further, 
dyslipidemia is one of the most frequently observed 
risk factors in more than 1 million young patients 
with myocardial infarction (MI) in the United States. 
Dyslipidemia was seen in more than half of the study 
population in both men and women 13). Thus, 
dyslipidemia could have an important role in the 
development of CVD among young people 
irrespective of sex. Sex differences and CVD in women 
are also important issues in the field of cardiovascular 
medicine, particularly preventive cardiology. 
Nevertheless, little is known about sex differences in 
the association between lipid profiles and incident 
CVD among young adults. In this study, we analyzed 
the association between lipid profiles and incident 
CVD stratified by sex and further examined whether 
there was a sex difference in the association between 
lipid profiles and subsequent CVD in young adults, 
using a nationwide epidemiological database.

Methods

Study Subjects and Design
The JMDC Claims Database is available for 

anyone who purchases it from JMDC Inc. (https://
www.jmdc.co.jp/en/index).

This retrospective observational study analyzed 
data from the JMDC Claims Database (JMDC Inc., 
Tokyo, Japan) between January 2005 and April 2020 14-17). 
The JMDC contracts with more than 60 insurers and 
includes data for health insurance claims on insured 
individuals who are mostly employees of relatively 
large Japanese companies. The JMDC Claims 
Database includes health checkup data on prior 
medical history, status of medications, laboratory data, 
and clinical follow-up data from claims records. The 
incidence of CVD events including MI (I210, I211, 
I212, I213, I214, I219), angina pectoris (AP) (I200, 
I201, I208, I209), stroke (ICD-10: I630, I631, I632, 
I633, I634, I635, I636, I638, I639, I600, I601, I602, 
I603, I604, I605, I606, I607, I608, I609, I610, I611, 
I613, I614, I615, I616, I619, I629, G459), and heart 
failure (HF) (I500, I501, I509, I110) from each 
individual’s claim records was evaluated using the 
International Classification of Disease, 10th Revision 
(ICD-10), diagnosis codes18).

We extracted data for 4,306,951 subjects with 
available data on lipid profiles, including low-density 
lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), and triglycerides. 
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proportion of participants with the levels of LDL-C ≥ 
140 mg/dL (27.5% vs. 14.4%), HDL-C ＜40 mg/dL 
(6.9% vs. 0.9%), and triglycerides ≥ 150 mg/dL 
(21.8% vs. 4.5%) was higher in men than in women. 
Obesity, high waist circumference, hypertension, 
diabetes mellitus, and cigarette smoking were all more 
common in men than in women.

The mean follow-up period was 3.4±2.6 years. 
MI, AP, stroke, and HF occurred in 2,030 (0.2%), 
17,074 (1.6%), 6,761 (0.6%), and 15,798 (1.5%) 
men and 545 (0.1%), 8,932 (1.1%), 3,987 (0.5%), 
and 9,077 (1.1%) women, respectively.

The Frequency of Events, Corresponding Incidence 
Rates, and Hazard Ratios for Cardiovascular 
Disease Events

The incidence of MI, AP, and HF increased with 
the number of abnormal lipid profiles in both men 
and women, whereas the incidence of stroke increased 
with the number of abnormal lipid profiles only in 
men but not in women. Multivariable Cox regression 
analyses showed that the number of abnormal lipid 
profiles was dose-dependently associated with the 
incidence of MI, AP, stroke, and HF in men. The 
number of abnormal lipid profiles was dose-
dependently associated with the incidence of MI, AP, 
and HF in women (Table 2). Multivariable adjusted 
HRs for MI per 1-point higher abnormal lipid profile 
were 1.57 (95% confidence interval [CI] 1.49–1.65) 

filling-in patterns to avert bias caused by missing 
data21). This is also recognized as an alternative 
approach to analyzing incomplete data22). Here, we 
replaced each missing data with a set of substituted 
plausible values by creating 20 filled-in complete data 
sets using multiple imputation by the chained 
equation method23). Covariates included in the 
multivariable Cox regression analysis were used in the 
multiple imputation process. Hazard ratios (HRs) and 
standard errors were calculated using Rubin’s rules. 
Statistical significance was set at p＜0.05. We 
examined the relationship between the number of 
abnormal lipid profiles and incident CVD in men and 
women including people aged 20–45 years. All 
statistical analyses were performed using SPSS 
software (version 25, SPSS Inc., Chicago, IL, USA) 
and STATA (version 16, StataCorp LLC, College 
Station, TX, USA).

Results

Baseline Characteristics
The clinical characteristics of the study 

population are summarized in Table 1. Among 
1,909,362 participants analyzed in this study, 
1,062,902 (55.7%) were men. The number of 
abnormal lipid profiles, including levels of LDL-C ≥ 
140 mg/dL, HDL-C ＜40 mg/dL, and triglycerides ≥ 
150 mg/dL, was higher in men than in women. The 

Individuals enrolled in the JMDC database between January 2005 and April 2020

with available data on lipid and clinical follow-up  (n = 4,306,951)

Analyzed in this study (n=1,909,362)

Age < 20 years (n=43,732)

Prior history of CVD (n=49,358)

Missing data on 
• Body mass index (n=1,015)
• Waist circumference (n=256,084) 
• Blood pressure (n=987) 
• Fasting plasma glucose (n=316,882)
• Medications (n=51)
• Cigarette smoking (n=7, 257)              

Age ≥ 50 years (n=1,411,212)

Taking lipid-lowering medications (n=52,307)
Missing data on lipid-lowering medications (n=258,704) 

Fig.1. Flowchart

We extracted data for 4,306,951 subjects with available data on serum lipid profiles including low-density lipoprotein cholesterol, high-density 
lipoprotein cholesterol, and triglycerides. We excluded subjects aged ＜20 years (n=43,732) and ≥ 50 years (n=1,411,212), taking lipid-
lowering medications (n=52,307), with missing data on lipid-lowering medications (n=258,704), with prior history of cardiovascular disease 
(n=49,358), and with missing data on body mass index (n=1,015), waist circumference (n=256,084), blood pressure (n=987), fasting 
plasma glucose (n=316,882), medications (n=51), and cigarette smoking (n=7,257). Finally, we analyzed 1,909,362 participants in this study.
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the levels of LDL-C ≥ 140 mg/dL and triglycerides ≥ 
150 mg/dL were associated with incident AP. The 
levels of HDL-C ＜40 mg/dL and triglycerides ≥ 150 
mg/dL were associated with incident HF (Table 3).

The Frequency of Events, Corresponding Incidence 
Rates, and Hazard Ratios for Cardiovascular 
Disease Events after Multiple Imputation for 
Missing Data

After multiple imputation for missing data, we 
analyzed 2,491,638 participants (1,426,120 men and 
1,065,518 women). MI, AP, stroke, and HF occurred 
in 2,492 (0.2%), 21,138 (1.5%), 8,318 (0.6%), and 
19,433 (1.4%) men and 645 (0.1%), 10,449 (1.0%), 
4,654 (0.4%), and 10,761 (1.0%) women, 
respectively. The association between the number of 
abnormal lipid profiles and incident CVD stratified 
by sex did not change after multiple imputation for 
missing data (Table 4).

The Frequency of Events, Corresponding Incidence 
Rates, and Hazard Ratios for Cardiovascular 
Disease Events among People aged 20–45 Years

We analyzed 845,937 men and 664,835 women 
aged 20–45 years. Similar to our main analysis, the 

in men and 1.25 (95% CI 1.07–1.47) in women. 
Multivariable adjusted HRs for AP per 1-point higher 
abnormal lipid profile were 1.14 (95% CI 1.12–1.16) 
in men and 1.18 (95% CI 1.13–1.23) in women. 
Multivariable adjusted HRs for stroke per 1-point 
higher abnormal lipid profile were 1.06 (95% CI 
1.02–1.09) in men and 1.09 (95% CI 1.03–1.16) in 
women. Multivariable adjusted HRs for HF per 
1-point higher abnormal lipid profile were 1.10 (95% 
CI 1.08–1.12) in men and 1.10 (95% CI 1.05–1.14) 
in women. The P values for interaction between men 
and women for MI, AP, stroke, and HF were 0.008, 
0.145, 0.348, and 0.917, respectively.

Association between High LDL-C, Low HDL-C, 
High Triglycerides, and Incident Cardiovascular 
Disease

Multivar iable  Cox regress ion analyses 
demonstrated that the levels of LDL-C ≥ 140 mg/dL, 
HDL-C ＜40 mg/dL, and triglycerides ≥ 150 mg/dL 
were all associated with the development of MI, AP, 
and HF and the levels of LDL-C ≥ 140 mg/dL and 
HDL-C ＜40 mg/dL were associated with incident 
stroke in men. In women, LDL-C level ≥ 140 mg/dL 
alone was associated with incident MI or stroke, and 

Table 1. Clinical Characteristics

Men (n=1,062,902) Women(n=846,460) P value

Number of Abnormal Lipid Profile ＜0.001
0, n (%) 617,975 (58.1) 699,078 (82.6)
1, n (%) 307,289 (28.9) 128,294 (15.2)
2, n (%) 123,193 (11.6) 18,035 (2.1)
3, n (%) 14,445 (1.4) 1,053 (0.1)

Low-Density Lipoprotein Cholesterol ≥ 140 mg/dL, n (%) 291,913 (27.5) 121,520 (14.4) ＜0.001
High-Density Lipoprotein Cholesterol ＜40 mg/dL, n (%) 73,760 (6.9) 7,804 (0.9) ＜0.001
Triglycerides ≥ 150 mg/dL, n (%) 231,337 (21.8) 38,199 (4.5) ＜0.001
Low-Density Lipoprotein Cholesterol, mg/dL 120 (100-142) 107 (90-127) ＜0.001
High-Density Lipoprotein Cholesterol, mg/dL 56 (47-65) 69 (60-80) ＜0.001
Triglycerides, mg/dL 93 (64-140) 60 (46-83) ＜0.001
Age, years 40 (35-45) 41 (36-45) ＜0.001
Body Mass Index, kg/m2 23.1 (21.1-25.5) 20.7 (19.1-23.0) ＜0.001
Obesity, n (%) 311,137 (29.3) 120,633 (14.3) ＜0.001
Waist Circumference, cm 82 (76-88) 75 (70-81) ＜0.001
High Waist Circumference, n (%) 397,827 (37.4) 69,497 (8.2) ＜0.001
Hypertension, n (%) 137,090 (12.9) 47,407 (5.6) ＜0.001
Systolic Blood Pressure, mmHg 119 (110-128) 109 (100-119) ＜0.001
Diastolic Blood Pressure, mmHg 74 (66-81) 67 (60-74) ＜0.001
Diabetes Mellitus, n (%) 27,550 (2.6) 7,442 (0.9) ＜0.001
Fasting Plasma Glucose, mg/dL 91 (86-98) 88 (83-93) ＜0.001
Cigarette Smoking, n (%) 397,860 (37.4) 101,523 (12.0) ＜0.001

Data are expressed as median (interquartile range) or number (percentage). P values were calculated using the unpaired t-test for continuous 
variables and chi-square tests for categorical variables.
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Table 2. The Frequency of Events, Corresponding Incidence Rates, and Hazard Ratios for Cardiovascular Disease Events

Men
Number of Abnormal Lipid Profiles

Women
Number of Abnormal Lipid Profiles

0 1 2 3 P for 
trend

0 1 2 3 P for 
trend

Number 617,975 307,289 123,193 14,445 699,078 128,294 18,035 1,053

Myocardial Infarction

No. of Events 675 704 521 130 ----- 398 119 25 3 -----
Incidence 3.2 

(2.9-3.4)
6.3 

(5.9-6.8)
11.5 

(10.6-12.5)
24.8 

(20.9-29.5)
----- 1.8 

(1.7-2.0)
3.0 

(2.5-3.6)
4.5 

(3.0-6.6)
9.0 

(3.1-26.5)
-----

Model 1 1 [Reference] 1.99 
(1.79-2.21)

3.62 
(3.22-4.05)

7.84 
(6.50-9.46)

＜0.001 1 [Reference] 1.62 
(1.32-1.99)

2.45 
(1.64-3.67)

4.93 
(1.58-15.34)

＜0.001

Model 2 1 [Reference] 1.78 
(1.60-1.98)

3.19 
(2.85-3.58)

7.07 
(5.86-8.53)

＜0.001 1 [Reference] 1.46 
(1.19-1.80)

2.19 
(1.46-3.29)

4.41 
(1.42-13.73)

＜0.001

Model 3 1 [Reference] 1.51 
(1.36-1.68)

2.27 
(2.01-2.56)

4.48 
(3.69-5.45)

＜0.001 1 [Reference] 1.28 
(1.04-1.59)

1.44 
(0.94-2.21)

2.46 
(0.78-7.78)

0.005

Angina Pectoris

No. of Events 8,039 5,642 2,987 406 ----- 6,782 1,797 327 26 -----
Incidence 38.1 

(37.3-38.9)
51.3 

(49.9-52.6)
67.0 

(64.7-69.5)
78.8 

(71.5-86.8)
----- 31.4 

(30.7-32.2)
45.3 

(43.3-47.5)
59.5 

(53.4-66.3)
79.8 

(54.5-117.0)
-----

Model 1 1 [Reference] 1.34 
(1.30-1.39)

1.76 
(1.68-1.83)

2.07 
(1.87-2.29)

＜0.001 1 [Reference] 1.45 
(1.37-1.52)

1.90 
(1.70-2.12)

2.55 
(1.74-3.75)

＜0.001

Model 2 1 [Reference] 1.23 
(1.19-1.28)

1.59 
(1.52-1.66)

1.90 
(1.72-2.10)

＜0.001 1 [Reference] 1.30 
(1.24-1.37)

1.70 
(1.52-1.90)

2.28 
(1.55-3.35)

＜0.001

Model 3 1 [Reference] 1.11 
(1.07-1.15)

1.30 
(1.25-1.36)

1.52 
(1.37-1.68)

＜0.001 1 [Reference] 1.20 
(1.14-1.27)

1.33 
(1.18-1.49)

1.65 
(1.12-2.43)

＜0.001

Stroke

No. of Events 3,281 2,270 1,058 152 ----- 3,006 844 131 6 -----
Incidence 15.4 

(14.9-16.0)
20.4 

(19.6-21.3)
23.4 

(22.1-24.9)
29.1 

(24.8-34.1)
----- 13.9 

(13.4-14.4)
21.2 

(19.8-22.6)
23.6 

(19.9-28.0)
18.0 

(8.3-39.3)
-----

Model 1 1 [Reference] 1.32 
(1.25-1.39)

1.51 
(1.41-1.62)

1.88 
(1.60-2.21)

＜0.001 1 [Reference] 1.53 
(1.42-1.65)

1.70 
(1.43-2.03)

1.30 
(0.58-2.89)

＜0.001

Model 2 1 [Reference] 1.18 
(1.12-1.24)

1.33 
(1.24-1.42)

1.69 
(1.44-1.99)

＜0.001 1 [Reference] 1.30 
(1.20-1.40)

1.43 
(1.20-1.70)

1.09 
(0.49-2.42)

＜0.001

Model 3 1 [Reference] 1.06 
(1.00-1.12)

1.08 
(1.00-1.16)

1.34 
(1.14-1.59)

0.001 1 [Reference] 1.17 
(1.08-1.27)

1.06 
(0.88-1.27)

0.73 
(0.33-1.63)

0.006

Heart Failure

No. of Events 7,396 5,285 2,756 361 ----- 6,930 1,771 346 30 -----
Incidence 35.0 

(34.2-35.8)
47.9 

(46.6-49.2)
61.6 

(59.4-64.0)
69.7 

(62.9-77.3)
----- 32.1 

(31.3-32.8)
44.6 

(42.6-46.8)
62.9 

(56.6-69.8)
91.9 

(64.4-131.2)
-----

Model 1 1 [Reference] 1.36 
(1.32-1.41)

1.76 
(1.68-1.83)

2.00 
(1.80-2.22)

＜0.001 1 [Reference] 1.39 
(1.32-1.47) 

1.96 
(1.76-2.19)

2.87 
(2.01-4.11)

＜0.001

Model 2 1 [Reference] 1.26 
(1.21-1.30)

1.59 
(1.53-1.67)

1.84 
(1.66-2.05)

＜0.001 1 [Reference] 1.25 
(1.19-1.32)

1.75 
(1.57-1.95)

2.56 
(1.79-3.67)

＜0.001

Model 3 1 [Reference] 1.08 
(1.05-1.12)

1.20 
(1.15-1.26)

1.35 
(1.22-1.51)

＜0.001 1 [Reference] 1.09 
(1.03-1.15)

1.18 
(1.06-1.32)

1.54 
(1.07-2.21)

＜0.001

The incidence rate was per 10000 person-years. Unadjusted and adjusted odds ratios (95% confidence intervals) associated with the number of 
abnormal lipid profiles are shown. Model 1 is unadjusted. Model 2 includes adjustment for age. Model 3 includes adjustment for age, obesity, high 
waist circumference, hypertension, diabetes mellitus, and cigarette smoking.
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adults without a history of CVD demonstrated that 
the number of abnormal lipid profiles was dose-
dependently associated with the incidence of MI, AP, 
stroke, and HF in men and that of MI, AP, and HF in 
women. The association between the number of 
abnormal lipid profiles and incident MI was seemingly 
more pronounced in men than in women.

Dyslipidemia is widely known as one of the most 
impor tant  r i sk  fac tors  for  CVD. Recent 
epidemiological statistics show that CVD in young 
adults is an urgent healthcare issue, and public health 
measures for CVD prevention are required. Although 
the association between dyslipidemia and CVD is 
solid, there are insufficient data for young adults. 
Recently, we demonstrated a close relationship 
between lipid profile and subsequent CVD in young 
adults aged ＜50 years, suggesting the importance of 
maintaining an optimal lipid profile for the primary 
prevention of CVD even in young people12). 

The lipid profile is generally better in women 
before menopause than in men24). Accordingly, the 
number of abnormal lipid profiles was greater in men 
than in women, and the prevalence of high LDL-C, 
low HDL-C, and high triglyceride levels was higher in 
men than in women. In women, cholesterol levels rise 
after menopause and exceed those of men25). In this 
study, we focused on young people and included 

incidence of MI, AP, and HF increased with the 
number of abnormal lipid profiles in both men and 
women, whereas the incidence of stroke increased 
with the number of abnormal lipid profiles only in 
men but not in women. Multivariable Cox regression 
analyses showed that the number of abnormal lipid 
profiles was dose-dependently associated with the 
incidence of MI, AP, stroke, and HF in men but with 
the incidence of MI, AP, and HF in women 
(Supplementary Table 1). Multivariable adjusted 
HRs for MI per 1-point higher abnormal lipid profile 
were 1.53 (95% CI 1.43–1.64) in men and 1.26 (95% 
CI 1.00–1.55) in women. Multivariable adjusted HRs 
for AP per 1-point higher abnormal lipid profile were 
1.12 (95% CI 1.09–1.15) in men and 1.21 (95% CI 
1.15–1.28) in women. Multivariable adjusted HRs for 
stroke per 1-point higher abnormal lipid profile were 
1.07 (95% CI 1.02–1.11) in men and 1.12 (95% CI 
1.03–1.22) in women. Multivariable adjusted HRs for 
HF per 1-point higher abnormal lipid profile were 
1.09 (95% CI 1.06–1.11) in men and 1.11 (95% CI 
1.05–1.17) in women.

Discussion

Our analysis of a nationwide population-based 
database including approximately 2 million young 

Table 3. Association between High LDL-C, Low HDL-C, High Triglycerides and incident Cardiovascular Disease

Men Women

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Myocardial Infarction

LDL-C ≥ 140 mg/dL 2.12 (1.94-2.32) 1.97 (1.80-2.15) 1.85 (1.69-2.02) 1.64 (1.34-2.01) 1.48 (1.20-1.82) 1.34 (1.09-1.66)
HDL-C ＜40 mg/dL 1.91 (1.68-2.17) 1.96 (1.73-2.22) 1.64 (1.44-1.86) 1.38 (0.70-2.72) 1.40 (0.71-2.76) 1.14 (0.57-2.25)
Triglycerides ≥ 150 mg/dL 1.81 (1.64-1.99) 1.69 (1.54-1.86) 1.32 (1.19-1.45) 1.61 (1.17-2.23) 1.54 (1.12-2.13) 1.12 (0.80-1.57)

Angina Pectoris

LDL-C ≥ 140 mg/dL 1.31 (1.27-1.35) 1.23 (1.19-1.27) 1.17 (1.13-1.20) 1.41 (1.34-1.49) 1.27 (1.20-1.34) 1.19 (1.13-1.26)
HDL-C ＜40 mg/dL 1.16 (1.10-1.22) 1.18 (1.11-1.24) 1.10 (1.04-1.16) 1.28 (1.07-1.53) 1.30 (1.08-1.56) 1.17 (0.98-1.41)
Triglycerides ≥ 150 mg/dL 1.39 (1.34-1.44) 1.31 (1.27-1.36) 1.13 (1.09-1.17) 1.44 (1.32-1.57) 1.37 (1.26-1.50) 1.15 (1.06-1.26)

Stroke

LDL-C ≥ 140 mg/dL 1.21 (1.15-1.27) 1.11 (1.05-1.17) 1.07 (1.01-1.12) 1.43 (1.32-1.55) 1.21 (1.12-1.31) 1.12 (1.03-1.21)
HDL-C ＜40 mg/dL 1.15 (1.06-1.26) 1.18 (1.08-1.29) 1.11 (1.02-1.21) 0.96 (0.71-1.30) 0.98 (0.72-1.34) 0.87 (0.64-1.18)
Triglycerides ≥ 150 mg/dL 1.32 (1.25-1.39) 1.21 (1.15-1.28) 1.02 (0.97-1.08) 1.46 (1.29-1.66) 1.36 (1.20-1.54) 1.09 (0.95-1.24)

Heart Failure

LDL-C ≥ 140 mg/dL 1.23 (1.19-1.27) 1.16 (1.12-1.20) 1.08 (1.04-1.12) 1.30 (1.23-1.37) 1.17 (1.11-1.23) 1.05 (0.99-1.11)
HDL-C ＜40 mg/dL 1.26 (1.20-1.33) 1.28 (1.21-1.35) 1.17 (1.11-1.24) 1.40 (1.18-1.66) 1.42 (1.20-1.68) 1.21 (1.02-1.43)
Triglycerides ≥ 150 mg/dL 1.42 (1.37-1.47) 1.33 (1.29-1.38) 1.08 (1.04-1.12) 1.61 (1.48-1.74) 1.53 (1.41-1.66) 1.17 (1.07-1.27)

Unadjusted and adjusted odds ratios (95% confidence intervals) associated with each abnormal lipid profile are shown. Model 1 is unadjusted. 
Model 2 includes adjustment for age. Model 3 includes adjustment for age, obesity, high waist circumference, hypertension, diabetes mellitus, and 
cigarette smoking.
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Table 4.  The Frequency of Events, Corresponding Incidence Rates, and Hazard Ratios for Cardiovascular Disease Events after 
Multiple Imputation for Missing Data

Number

Men
Number of Abnormal Lipid Profiles

Women
Number of Abnormal Lipid Profiles

0 1 2 3 P for 
trend

0 1 2 3 P for 
trend

849,545 399,280 158,918 18,377 883,502 157,095 23,630 1,291

Myocardial Infarction

No. of Events 824 883 634 151 ----- 474 136 32 3 -----
Incidence 2.8 

(2.6-3.0)
6.1 

(5.7-6.5)
10.8 

(10.0-11.7)
22.5 

(19.2-26.4)
----- 1.8 

(1.6-1.9)
2.8 

(2.4-3.3)
4.4 

(3.1-6.3)
7.4 

(2.5-21.7)
-----

Model 1 1 [Reference] 2.16 
(1.96-2.37)

3.83 
(3.45-4.24)

7.98
(6.71-9.50)

＜0.001 1 [Reference] 1.59 
(1.32-1.93)

2.50 
(1.75-3.58)

4.17 
(1.34-12.96)

＜0.001

Model 2 1 [Reference] 1.85 
(1.68-2.03)

3.18 
(2.86-3.53)

6.75 
(5.67-8.03)

＜0.001 1 [Reference] 1.43 
(1.18-1.73)

2.25 
(1.57-3.22)

3.70 
(1.19-11.52)

＜0.001

Model 3 1 [Reference] 1.57 
(1.43-1.73)

2.28 
(2.04-2.55)

4.33 
(3.61-5.19)

＜0.001 1 [Reference] 1.25 
(1.02-1.52)

1.48 
(1.01-2.17)

2.02 
(0.64-6.36)

0.004

Angina Pectoris

No. of Events 9,993 6,942 3,710 493 ----- 7,943 2,090 386 30 -----
Incidence 34.4 

(33.7-35.1)
48.5 

(47.4-49.7)
64.3 

(62.2-66.4)
74.5 

(68.2-81.4)
----- 29.9 

(29.2-30.6)
43.8 

(41.9-45.7)
54.2 

(49.0-59.8)
75.4 

(52.8-107.7)
-----

Model 1 1 [Reference] 1.41 
(1.36-1.45)

1.86 
(1.79-1.93)

2.17 
(1.98-2.37)

＜0.001 1 [Reference] 1.47 
(1.40-1.54)

1.82 
(1.64-2.01)

2.53 
(1.77-3.62)

＜0.001

Model 2 1 [Reference] 1.24 
(1.20-1.28)

1.60 
(1.54-1.66)

1.89 
(1.72-2.06)

＜0.001 1 [Reference] 1.29 
(1.23-1.36)

1.61 
(1.45-1.78)

2.21 
(1.54-3.16)

＜0.001

Model 3 1 [Reference] 1.12 
(1.08-1.15)

1.31 
(1.26-1.37)

1.50 
(1.37-1.65)

＜0.001 1 [Reference] 1.19 
(1.13-1.25)

1.26 
(1.13-1.40)

1.60 
(1.11-2.29)

＜0.001

Stroke

No. of Events 4,027 2,783 1,331 177 ----- 3,517 961 170 6 -----
Incidence 13.8 

(13.4-14.2)
19.3 

(18.6-20.0)
22.8 

(21.6-24.0)
26.4 

(22.8-30.6)
----- 13.2 

(12.8-13.7)
20.0 

(18.8-21.3)
23.6 

(20.3-27.5)
14.8 

(6.8-32.2)
-----

Model 1 1 [Reference] 1.39 
(1.33-1.46)

1.64 
(1.54-1.75)

1.91 
(1.64-2.22)

＜0.001 1 [Reference] 1.52 
(1.41-1.63)

1.79 
(1.54-2.09)

1.12 
(0.50-2.49)

＜0.001

Model 2 1 [Reference] 1.18 
(1.13-1.24)

1.35 
(1.27-1.44)

1.60 
(1.38-1.86)

＜0.001 1 [Reference] 1.27 
(1.18-1.36)

1.51 
(1.29-1.76)

0.92 
(0.41-2.05)

＜0.001

Model 3 1 [Reference] 1.05 
(1.00-1.11)

1.08 
(1.02-1.16)

1.25 
(1.07-1.46)

0.001 1 [Reference] 1.14 
(1.06-1.23)

1.12 
(0.95-1.31)

0.62 
(0.28-1.38)

0.005

Heart Failure

No. of Events 9,124 6,432 3,428 449 ----- 8,219 2,078 428 36 -----
Incidence 31.4 

(30.7-32.0)
44.8 

(43.7-45.9)
59.2 

(57.2-61.2)
67.6 

(61.6-74.1)
----- 30.9 

(30.2-31.6)
43.5 

(41.6-45.4)
60.0 

(54.6-66.0)
90.5 

(65.4-125.3)
-----

Model 1 1 [Reference] 1.43 
(1.38-1.47)

1.88 
(1.81-1.96)

2.16 
(1.96-2.37)

＜0.001 1 [Reference] 1.41 
(1.34-1.48)

1.94 
(1.76-2.14)

2.93 
(2.11-4.06)

＜0.001

Model 2 1 [Reference] 1.26 
(1.22-1.30)

1.62 
(1.55-1.68)

1.87 
(1.71-2.06)

＜0.001 1 [Reference] 1.25 
(1.19-1.31)

1.73 
(1.57-1.90)

2.57 
(1.85-3.56)

＜0.001

Model 3 1 [Reference] 1.08 
(1.04-1.11)

1.21 
(1.16-1.26)

1.36 
(1.24-1.50)

＜0.001 1 [Reference] 1.09 
(1.03-1.14)

1.18 
(1.07-1.31)

1.56 
(1.12-2.17)

＜0.001

The incidence rate was per 10000 person-years. Unadjusted and adjusted odds ratios (95% confidence intervals) associated with the number of 
abnormal lipid profiles are shown. Model 1 is unadjusted. Model 2 includes adjustment for age. Model 3 includes adjustment for age, obesity, high 
waist circumference, hypertension, diabetes mellitus, and cigarette smoking.
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were not statistically significant for AP, stroke, and 
HF, suggesting that the influence of the number of 
abnormal lipid profiles on MI was modified by sex, 
and the association between abnormal lipid profiles 
and incident MI would be more pronounced in men. 
It is also important that dyslipidemia was significantly 
associated with an increased incidence of CVD in 
young women. The incidence of CVD in women is 
generally lower than that in men. However, once it 
occurs, the prognosis of several CVDs such as acute 
MI in women is known to be worse than that in 
men33, 34). Therefore, risk stratification and preventive 
efforts for CVD are important in women. Considering 
that the risk of CVD steeply increases after menopause 
with a worsening lipid profile, the optimal 
management of lipid profiles for CVD prevention 
would be essential in young women. 

Although in the management of dyslipidemia in 
our clinical practice, we are prone to focusing on high 
LDL-C levels more than on low HDL-C and high 
triglyceride levels, our study showed that low HDL-C 
and high triglyceride levels were also associated with 
incident CVD, suggesting the importance of 
comprehensive lipid profile management to prevent 
CVD among both young men and women. However, 
comprehensive lipid profile management was not easy. 
Particularly, the optimization of HDL-C is an 
unresolved issue in this field. Although we generally 
recommend patients with low HDL-C levels lifestyle 
modification including body weight reduction (if they 
were overweight or obese) and maintaining physical 
activity, it is difficult to normalize HDL-C levels. 
From this point of view, we need to clarify whether a 
pharmacological or non-pharmacological approach 
would prevent the development of CVD among 
young men and women. Particularly, given that we 
studied young people in this study, we need to 
consider that the mainstay of treatment for 
premenopausal women with dyslipidemia should be 
lifestyle modification rather than a pharmacological 
approach from the perspectives of both preventive 
medicine and medical  economics.  Further 
investigations are required to establish the optimal 
management strategy for young people with 
dyslipidemia.

This study has several limitations. The JMDC 
Claims Database is an administrative insurance 
database in Japan, and therefore, we need to consider 
the limitation of using administrative data for the 
CVD diagnosis (particularly, overestimation of CVD 
events). Some physicians might register the specific 
disease name only for reimbursement (e.g., biomarker 
measurement or imaging tests). For example, if 
physicians measure the serum brain natriuretic peptide 

adults aged ＜50 years. Given that the menopausal age 
of Japanese women is approximately 50 years on 
average and the effects of menopause usually take 
years to manifest26), the influence of menopause was 
not so large in this study. Furthermore, considering 
the possibility of early menopause, we conducted a 
sensitivity analysis including people aged 20–45 years, 
and our main results did not change in this sensitivity 
analysis.

There are sex differences in cardiometabolic risk 
factors and the associated subsequent CVD. For 
example, prolonged smoking and diabetes mellitus are 
significantly more hazardous for women than for men. 
Huxley et al. conducted a meta-analysis including data 
from 74 prospective cohort studies with nearly 2.4 
million men and women and 44,000 coronary events 
and showed that women who smoke had a 25% 
greater relative risk of CVD than men, independent of 
differences in baseline characteristics27). They also 
showed that the relative risk of CVD was 44% greater 
in women with diabetes mellitus than in similarly 
affected men in a pooled analysis of over 850,000 
individuals and 28,000 coronary events 28). By 
contrast, the association between systolic blood 
pressure and risk of stroke was reported to be similar 
between men and women, using data from prospective 
cohort studies on more than 1.2 million individuals 
and over 50,000 cardiovascular events29).

Little is known about sex differences in the 
relationship between dyslipidemia and incident CVD. 
Lewington et al. analyzed approximately 900,000 
individuals and observed over 33,000 deaths due to 
coronary artery disease. They demonstrated that a 
lower total cholesterol level reduced the risk of 
mortality from CVD in both men and women, and 
there were no apparent sex differences 30). 
Angelantonio et al. analyzed 302,430 people without 
a history of vascular disease from 68 long-term 
prospective studies and showed no evidence of a sex 
difference in the association of HDL-C and 
triglycerides with the risk of CVD31). Eslami et al. 
investigated 2,235 men aged 30–54 years and 3,703 
women aged 30–64 years without a previous history 
of CVD and reported that high total cholesterol and 
low HDL-C levels, respectively, conferred a higher 
impact for premature CVD in men than in women32). 
Therefore, whether the association between dyslipidemia 
and incident CVD would be modified by sex in young 
population remains unclear.

In this study, the multivariable adjusted model 
showed that the number of abnormal lipid profiles 
was associated with incident CVD in both men and 
women. The P value for interaction was statistically 
significant for MI, whereas the P values for interaction 
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of lipid profiles is important in both young men and 
women for the primary CVD prevention.
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Supplementary Table 1.  The Frequency of Events, Corresponding Incidence Rates, and Hazard Ratios for Cardiovascular Disease 
Events in 20-45 age

Men
Number of Abnormal Lipid Profiles

Women
Number of Abnormal Lipid Profiles

0 1 2 3 P for 
trend

0 1 2 3 P for 
trend

Number 509,222 233,429 92,177 11,109 564,085 87,800 12,218 732

Myocardial Infarction

No. of Events 439 406 302 80 ----- 272 67 18 0 -----
Incidence 2.6

(2.4-2.9)
5.0

(4.5-5.5)
9.2

(8.3-10.3)
20.5

(16.5-25.5)
----- 1.6 

(1.4-1.8)
2.5 

(2.0-3.2)
4.8

(3.0-7.6)
0.0

(0.0-17.2)
-----

Model 1 1 [Reference] 1.89 
(1.66-2.17)

3.50 
(3.03-4.06)

7.84
(6.17-9.94)

＜0.001 1 [Reference] 1.59
(1.22-2.07)

3.06 
(1.90-4.94)

----- ＜0.001

Model 2 1 [Reference] 1.71 
(1.50-1.96)

3.10 
(2.68-3.60)

7.01 
(5.52-8.89)

＜0.001 1 [Reference] 1.51 
(1.15-1.97)

2.88 
(1.79-4.64)

----- ＜0.001

Model 3 1 [Reference] 1.43 
(1.24-1.64)

2.14 
(1.83-2.51)

4.27 
(3.33-5.49)

＜0.001 1 [Reference] 1.31 
(0.99-1.73)

1.76 
(1.04-2.95)

----- 0.024

Angina Pectoris

No. of Events 5,500 3,595 1,841 247 ----- 4,768 1,055 199 16 -----
Incidence 33.1 

(32.2-33.9)
44.7 

(43.2-46.2)
57.1

(54.5-59.7)
64.1 

(56.6-72.6)
----- 27.7 

(26.9-28.5)
39.6 

(37.2-42.0)
53.9

(46.9-61.9)
73.2 

(45.1-119.0)
-----

Model 1 1 [Reference] 1.35 
(1.29-1.40)

1.72
(1.63-1.81)

1.94
(1.71-2.20)

＜0.001 1 [Reference] 1.43 
(1.34-1.53)

1.95 
(1.69-2.24)

2.66 
(1.63-4.34)

＜0.001

Model 2 1 [Reference] 1.24
(1.19-1.30)

1.56 
(1.48-1.64)

1.77 
(1.56-2.01)

＜0.001 1 [Reference] 1.34 
(1.26-1.44)

1.81 
(1.57-2.08)

2.46 
(1.51-4.02)

＜0.001

Model 3 1 [Reference] 1.11 
(1.07-1.16)

1.26
(1.19-1.34)

1.39
(1.22-1.58)

＜0.001 1 [Reference] 1.24 
(1.16-1.33)

1.41 
(1.21-1.63)

1.72 
(1.05-2.83)

＜0.001

Stroke

No. of Events 2,008 1,325 621 100 ----- 1,938 439 77 5 -----
Incidence 12.0 

(11.5-12.5)
16.3 

(15.5-17.2)
19.1

(17.6-20.6)
25.6

(21.1-31.2)
----- 11.2 

(10.7-11.7)
16.4 

(14.9-18.0)
20.6

(16.5-25.8)
22.4 

(9.6-52.5)
-----

Model 1 1 [Reference] 1.35 
(1.26-1.45)

1.57 
(1.44-1.72)

2.13 
(1.74-2.61)

＜0.001 1 [Reference] 1.46 
(1.32-1.62)

1.84 
(1.47-2.31)

2.00 
(0.83-4.81)

＜0.001

Model 2 1 [Reference] 1.22 
(1.14-1.31)

1.39 
(1.27-1.52)

1.90 
(1.55-2.32)

＜0.001 1 [Reference] 1.32 
(1.19-1.46)

1.63 
(1.30-2.05)

1.78 
(0.74-4.27)

＜0.001

Model 3 1 [Reference] 1.07 
(1.00-1.15)

1.09 
(0.99-1.20)

1.43 
(1.17-1.76)

0.002 1 [Reference] 1.17 
(1.05-1.31)

1.16 
(0.91-1.47)

1.08 
(0.45-2.62)

0.007

Heart Failure

No. of Events 4,986 3,319 1,722 238 ----- 4,892 1,010 218 20 -----
Incidence 29.9

(29.1-30.8)
41.1

(39.8-42.6)
53.2

(50.8-55.8)
61.6

(54.3-70.0)
----- 28.4

(27.6-29.2)
37.8

(35.6-40.2)
59.0

(51.6-67.3)
91.3

(59.1-141.0)
-----

Model 1 1 [Reference] 1.37
(1.31-1.43)

1.77
(1.67-1.87)

2.06
(1.81-2.34)

＜0.001 1 [Reference] 1.33 
(1.25-1.43)

2.08 
(1.82-2.38)

3.22
(2.07-4.99)

＜0.001

Model 2 1 [Reference] 1.27 
(1.21-1.33)

1.62 
(1.53-1.71)

1.89 
(1.66-2.16)

＜0.001 1 [Reference] 1.25 
(1.17-1.33)

1.92 
(1.68-2.20)

2.98
(1.92-4.62)

＜0.001

Model 3 1 [Reference] 1.07 
(1.03-1.12)

1.18
(1.11-1.25)

1.33 
(1.16-1.51)

＜0.001 1 [Reference] 1.08 
(1.00-1.15)

1.26 
(1.09-1.46)

1.67 
(1.07-2.60)

＜0.001

The incidence rate was per 10000 person-years. Unadjusted and adjusted odds ratios (95% confidence intervals) associated with the number of 
abnormal lipid profiles are shown. Model 1 is unadjusted. Model 2 includes adjustment for age. Model 3 includes adjustment for age, obesity, high 
waist circumference, hypertension, diabetes mellitus, and cigarette smoking.
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