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Aims: Smoking is a major risk factor for cardiovascular disease (CVD), a leading cause of death and disability. 
Other CVD risk factors include age, gender, hypertension, diabetes, increased low-density lipoprotein cholesterol 
(LDL-C) and decreased high-density lipoprotein cholesterol (HDL-C). Our goal was to assess relationships 
between smoking status and CVD risk factors, with a focus on direct LDL-C, HDL-C, triglycerides (TG) and 
small dense LDL-C (sdLDL-C).  

Methods: A total of 34,497 Japanese men and women, mean age 51 years, had their CVD risk factors including 
fasting serum total cholesterol, TG, HDL-C, sdLDL-C, and direct LDL-C assessed. One-way ANOVA and mul-
tiple linear regression analyses were carried to assess the interrelationships of these parameters with smoking.   

Results: In both men and women, current smokers had significantly (p＜0.001) higher median TG (+19.6%, 
+16.9%) and sdLDL-C levels (+12.7%, +4.2%) levels, and significantly (p＜0.001) lower HDL-C levels (-7.3%, 
-4.3%) than non-smokers. They were also significantly (p＜0.05) more likely to have TG values ＞150 mg/dL 
(+56.8%, +116.3%), sdLDL-C ＞40.1 mg/dL (+28.8%, +44.9%), and HDL-C ＜40 mg/dL (+89.8%, +114.3%). 
Ex-smokers generally had lipid values that were intermediate between non-smokers and current smokers. Multi-
variate analysis confirmed the significance of these relationships.   

Conclusion: Our data indicate that current cigarette smoking is associated with increased TG and sdLDL-C 
levels, as well as decreased HDL-C levels. Furthermore, smoking effect on lipid profiles remain after cessation. 
These data provide further justification for smoking cessation. 

obstructive pulmonary disease, and cardiovascular dis-
ease (CVD). The Japanese Atherosclerosis Society 
includes cigarette smoking, along with age, gender, 
blood pressure, diabetes, low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C) and family history of CVD for its CVD risk 

Introduction

According to the World Health Organization1), 
cigarette smoking is the single most important pre-
ventable cause of morbidity and mortality. Smoking is 
a highly significant risk factor for lung cancer, chronic 
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Smoking triggers vascular inflammation by cytokine 
release, adhesion of inflammatory cells and disruption 
of endothelial integrity8). Also, smoking induces vas-
cular dysfunction by reducing nitric oxide9). 

Smoking also contributes to CVD risk via altera-
tions in the lipid profile. It has been reported that 
smoking lowers HDL-C concentration and elevates 
triglycerides (TG)10, 11). Additionally, HDL-C was 
reported to be increased in ex-smokers as compared to 
current smokers12). On the other hand, there is uncer-
tainty regarding the effects of smoking on LDL-C11). 
A cross-sectional study showed that mean LDL parti-
cle size of current smokers were smaller than those of 
ex-smokers and non-smokers13). However, another 
study showed that small dense LDL-C (sdLDL-C) 
measured by ultracentrifugation method did not cor-
relate with smoking14). At present, there is no clear 
consensus about association between smoking and 
serum levels of lipid and lipoprotein subfractions, 
especially sdLDL-C. 

Aim

Our goal in this investigation was to examine the 
relationships of current and prior cigarette smoking 
on LDL-C, HDL-C, TG, and sdLDL-C and other 
CVD risk factors, using data from a large Japanese 
population study.  

prediction algorithm2). A recent report has shown that 
current smoking was chosen as a parameter in a car-
diovascular disease risk prediction model using Suita 
study3). 

There is consensus on the effects of current 
smoking on CVD but the effects of smoking cessation 
on CVD were poorly reported. A review suggests the 
CVD risk caused by smoking is reduced by about half 
after 4 to 5 years of smoking abstinence4). Based on 
this review, the American Heart Association and 
American College of Cardiology reported the esti-
mated risk ratio for atherosclerosis CVD events at 1 to 
4 years after smoking cessation5). The estimates for 
risk reduction associated with smoking cessation is 
47% at 4 years. Furthermore, another study reported 
that the risk for CVD of former heavy smokers was 
significantly lower within 5 years relative to current 
smokers but remained significantly elevated for 5 to 
25 years after cessation relative to never smokers6). 
Nevertheless, little is known the mechanism by which 
the effects after smoking cessation remains.

Anti-inflammatory interventions with anti-cyto-
kine therapy have shown efficacy on reducing cardio-
vascular events7). Smoking contributes CVD through 
its effects on inflammatory and immune mechanisms. 
The effects of cigarette smoking on atherosclerosis and 
CVD risk have mainly focused on its relationship to 
oxidative stress and endothelial cell dysfunction. 

Fig.1. Flow diagram of subject selection and categorization
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HbA1c was also used as a marker of diabetes and was 
reported in Table 1.

Statistical Analysis
Data are presented as median values with inter-

quartile ranges (IQR) since some variables were not 
normally distributed. Sd LDL-C and TG data were 
analyzed after log-transformation of values since these 
parameters are not normally distributed. Categorical 
variables are reported as frequencies and percentages. 
Analyses were performed by gender because of signifi-
cant differences between men and women with regard 
to lipid and lipoprotein levels. Univariate analyses 
were performed by one-way ANOVA for continuous 
variables. When a significant group effect was 
observed, the Tukey post-hoc analysis for equally dis-
tributed variables and the Games-Howell post-hoc 
analysis for non-equally distributed variables were per-
formed. Mantel-Haenszel test for trend was used for 
categorical variables. The 75th percentile of serum 
sdLDL-C level in this cohort was 40.1 mg/dL, which 
we used as the cut point. Multivariate linear regression 
models adjusted for baseline characteristics, such as 
age and other CVD risk factors were performed to 
examine the effect of smoking status on lipid profiles. 
Smoking status was analyzed after converting 3 cate-
gorical variables. Values of body mass index (BMI), 
systolic blood pressure, HbA1c, and drinking habits 
known as CVD risk factors were chosen as indepen-
dent variables. No variables showed strong correlation 
with each other. Akaike’s information criteria (AIC) 
were indicated as fit index. All statistical analyses were 
performed using SPSS software, version 23 (IBM, 
Armonk, NY). A P value of ＜0.05 was considered to 
confer statistical significance in ANOVA, Mantel-
Haenszel test for trend, and multiple regression analy-
sis, while a P value of ＜0.001 was considered statisti-
cally significant in the post-hoc analysis in Table 1, 
since many comparisons were needed. 

Results

Data on the clinical and laboratory parameters in 
men (n=19,119) and woman (n=15,378) are shown 
in Table 1, 2, respectively. EX1 men were significantly 
older than other groups. However, NON women were 
the oldest group. The percentage of subjects with obe-
sity (BMI ＞25 kg/m2) was higher in EX2 than in 
other groups. Frequencies of drinking alcoholic bever-
ages were significantly lower in NON subjects than in 
other groups. In men those that had ≥ 3 alcoholic 
drinks/week was 44.4% in NON and 58.8% in CUS 
(+32.4%), and in women these values were 22.6% 
versus 45.1% (+99.6%), all significantly different. In 

Methods

Subjects
Our study population consisted of 40,871 sub-

jects who received a medical examination at the health 
evaluation centers in Osaka, Japan, between April of 
2016 and March of 2019. All subjects agreed to par-
ticipate in this study and the study protocol had previ-
ously been approved by the Medical Research Ethics 
Committee of Tokyo Medical and Dental University, 
Tokyo, Japan (M2000-2209). In subjects who had 
more than one visit during the study period, data on 
only the first visit was used for this study. Subjects on 
lipid lowering medication as well as those with miss-
ing data were excluded from the analysis (Fig.1). As 
CVD risk was reported to be reduced by about half 
after 4 to 5 years smoking cessation4), subjects were 
classified into four groups, non-smokers (NON), ex-
smokers who had quit smoking for ≥ 5 years from the 
time of the examination (EX1), ex-smokers who had 
quit smoking for ＜5 years (EX2), and current smok-
ers (CUS) according to self-reported results on a ques-
tionnaire. 

Measurements
Blood samples were collected from all subjects 

after an overnight fast. Serum creatinine, liver trans-
aminases, total cholesterol (TC), TG, direct LDL-C, 
and HDL-C were measured by automated standard-
ized enzymatic analysis and sdLDL-C was measured 
using FDA cleared assay kit (Denka Co. Ltd.) on 
TBX-FX8 instruments (Canon Medical Systems, 
Japan) in the health evaluation centers15-21). Serum 
glucose was measured using the hexokinase G-6-PDH 
method (FUJIFILM Wako Pure Chemical Co. Japan), 
and HbA1c was measured using high performance liq-
uid chromatography on HL-723 G9 instruments 
(Tosoh, Japan). All assays had within and between run 
coefficients of variation of ＜5.0%. Calculated LDL-C 
was derived using the Friedewald formula by subtract-
ing the sum of HDL-C and TG/5 from TC22). Non-
HDL-C was calculated by subtracting HDL-C from 
TC. 

Definitions of Hypertension and Diabetes
We used the blood pressure categories defined by 

Japanese Society of Hypertension 2019 23). “Hyperten-
sion” in Table 2 was defined as using anti-hyperten-
sive drugs or with Stage 1, 2, or 3 hypertension. 

We categorized using fasting plasma glucose 
(FPG) subjects into three groups (FPG ＜100 mg/dl; 
FPG 100-125 mg/dL; and FPG ＞125 mg/dL). “Dia-
betes” in Table 2 was defined as having an FPG level 
＞125 mg/dL or using anti-diabetic medication. 
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Table 1. Characteristics of subjects by smoking category

(A) Male Subjects

Non-
Smokers 

(n =7,671)

EX1 
Smokers

(n =5,035)

EX2 
Smokers 

(n =1,152)

Current 
Smokers 

(n =5,261)

ANOVA 
P 

Value§

P Value†

NON 
vs 

EX1

NON 
vs 

EX2

NON 
vs 

CUS

EX1 
vs 

EX2

EX1 
vs 

CUS

EX2 
vs 

CUS

Age, year 48.0
(16.0) 

55.0 
(17.0)

47.0 
(15.0)

48.0 
(13.0)

＜0.001 ＜0.001 0.058 ＜0.001 ＜0.001 ＜0.001 0.952

BMI, kg/m2 23.2
(3.9)

23.4 
(3.5)

23.5 
(4.0)

23.5 
(4.1)

＜0.001 0.563 ＜0.001 0.007 0.005 0.216 0.139

Systolic blood pressure, mmHg 115.0
(21.0) 

118.0
(22.0)

116.0
(21.0)

114.0
(21.0)

＜0.001 ＜0.001 0.854 0.004 0.006 ＜0.001 0.041

Diastolic blood pressure, mmHg 71.0
(15.0)

73.0
(15.0)

71.0 
(15.8)

71.0 
(16.0)

＜0.001 ＜0.001 0.935 0.909 0.037 ＜0.001 0.786

Glucose metabolism

Fasting glucose, mg/dL 99.0
(11.0) 

101.0
(13.0)

101.0
(13.0)

100.0
(13.0)

＜0.001 ＜0.001 ＜0.001 ＜0.001 0.644 0.988 0.797

HbA1c, % 5.5
(0.4) 

5.6 
(0.4)

5.6 
(0.4)

5.6 
(0.4)

＜0.001 ＜0.001 ＜0.001 ＜0.001 0.419 0.007 0.988

Albumin, mg/dL 4.4
(0.3)

4.3 
(0.4)

4.3 
(0.3) 

4.3 
(0.3) 

＜0.001 ＜0.001 0.283 ＜0.001 ＜0.001 0.002 0.004

Creatinine, mg/dL 0.90
(0.16)

0.89 
(0.17)

0.88
(0.14)

0.86 
(0.16)

＜0.001 0.498 0.002 ＜0.001 0.042 ＜0.001 0.551

ALT, IU/L 21.0
(14.0)

20.0 
(13.0)

21.0 
(16.0)

21.0 
(16.0)

＜0.001 ＜0.001 0.049 0.941 ＜0.001 ＜0.001 0.101

Lipids

Total cholesterol, mg/dL 202.0
(42.0) 

204.0
(40.0)

202.0
(44.8)

198.0
(45.0)

＜0.001 0.003 0.905 ＜0.001 0.629 ＜0.001 0.001

Triglycerides, mg/dL‡ 92.0
(67.0) 

96.0 
(68.0)

105.0
(77.0)

110.0
(84.0)

＜0.001 ＜0.001 ＜0.001 ＜0.001 ＜0.001 ＜0.001 0.374

Direct LDL-C, mg/dL 122.0
(38.0) 

121.0
(38.0)

122.0
(40.0)

120.0
(43.0)

0.025 0.253 0.793 0.017 0.999 0.689 0.861

Calculated LDL-C, mg/dL 123.2
(37.2) 

122.8
(37.2)

122.0
(39.0)

118.0
(41.4)

＜0.001 0.663 0.010 ＜0.001 0.070 ＜0.001 0.169

sdLDL-C, mg/dL‡ 30.7
(21.2) 

33.2
(23.0)

35.0 
(26.8)

34.6 
(25.5)

＜0.001 ＜0.001 ＜0.001 ＜0.001 0.112 0.108 0.808

sdLDL-C / LDL-C ratio 0.25
(0.14) 

0.27 
(0.15)

0.28 
(0.17)

0.28 
(0.18)

＜0.001 ＜0.001 ＜0.001 ＜0.001 0.009 ＜0.001 0.999

nonHDL-C, mg/dL 144.0
(42.0)

145.0
(40.0)

147.0
(44.0)

144.0
(47.0)

0.223

HDL-C, mg/dL 55.0
(18.0) 

57.0 
(19.0)

54.0 
(16.0)

51.0 
(17.0)

＜0.001 ＜0.001 0.014 ＜0.001 ＜0.001 ＜0.001 ＜0.001
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(Cont. Table 1)

(B) Female Subjects

Non-
Smokers 

(n =12,969)

EX1 
Smokers

(n =1,095)

EX2 
Smokers 
(n =284)

Current 
Smokers 

(n =1,030)

ANOVA 
P 

Value§

P Value†

NON 
vs 

EX1

NON 
vs 

EX2

NON 
vs 

CUS

EX1 
vs 

EX2

EX1 
vs 

CUS

EX2 
vs 

CUS

Age, year 50.0
(15.0)

47.0
(13.0)

47.0
(15.0)

47.0
(12.0)

＜0.001 ＜0.001 ＜0.001 ＜0.001 0.079 0.648 0.324

BMI, kg/m2 20.8
(3.7)

21.0
(3.7)

21.4
(3.7)

20.7
(4.0)

0.001 0.082 0.003 0.992 0.138 0.482 0.016

Systolic blood pressure, mmHg 107.0
(21.0)

106.0
(19.0)

107.0
(22.0)

105.0
(19.0)

＜0.001 0.023 0.431 ＜0.001 0.999 0.120 0.488

Diastolic blood pressure, mmHg 64.0
(15.0)

64.0
(14.0)

64.0
(16.0)

63.0
(15.0)

0.153

Glucose metabolism

Fasting glucose, mg/dL 94.0
(10.0)

94.0
(9.0)

95.0
(11.0)

94.0
(10.0)

0.637

HbA1c, % 5.5
(0.4)

5.5
(0.4)

5.4
(0.4)

5.5
(0.4)

＜0.001 0.001 0.030 ＜0.001 0.895 0.997 0.943

Albumin, mg/dL 4.2
(0.3)

4.2
(0.3)

4.2
(0.3)

4.2
(0.3)

0.531

Creatinine, mg/dL 0.66
(0.13)

0.66
(0.13)

0.65
(0.13)

0.65
(0.12)

＜0.001 0.999 0.035 0.002 0.078 0.050 0.890

ALT, IU/L 14.0
(8.0)

14.0
(7.0)

14.0
(7.8)

14.0
(8.0)

0.814

Lipids

Total cholesterol, mg/dL 207.0
(48.0)

203.0
(49.0)

203.0
(51.0)

200.0
(47.5)

＜0.001 0.044 0.636 ＜0.001 0.998 0.441 0.666

Triglycerides, mg/dL‡ 65.0
(39.0)

67.0
(41.0)

73.0
(48.8)

76.0
(50.3)

＜0.001 0.070 0.006 ＜0.001 0.194 ＜0.001 0.330

Direct LDL-C, mg/dL 117.0
(42.0)

113.0
(43.0)

114.0
(43.8)

113.0
(45.0)

＜0.001 0.001 0.844 0.011 0.819 0.988 0.911

Calculated LDL-C, mg/dL 121.6
(41.1)

117.0
(43.6)

117.4
(46.6)

115.2
 (43.5)

＜0.001 ＜0.001 0.167 ＜0.001 0.999 0.722 0.896

sdLDL-C, mg/dL‡ 24.0
(12.5)

24.1
(13.5)

25.3
(16.8)

25.0
(15.0)

＜0.001 0.781 0.014 ＜0.001 0.093 0.041 0.922

sdLDL-C / LDL-C ratio 0.21
(0.07)

0.22
(0.08)

0.23
(0.10)

0.23
(0.11)

＜0.001 ＜0.001 ＜0.001 ＜0.001 0.053 0.001 0.999

nonHDL-C, mg/dL 137.0
(45.0)

132.0
(49.0)

133.5
(47.8)

132.0
(49.0)

0.001 0.003 0.854 0.075 0.847 0.901 0.981

HDL-C, mg/dL 69.0
(19.0)

69.0
(19.0)

67.0
(20.0)

66.0
(20.3)

＜0.001 0.218 0.856 ＜0.001 0.364 ＜0.001 0.302

Data are expressed as median (interquartile range).  
§P value for comparison across the groups was determined by one-way analysis of variance. P value ＜0.05 was considered statistically significant.
†P value for comparison between individual groups, using Tukey post-hoc analysis for equally distributed variables and Games-Howell post-hoc 
analysis for non-equally distributed variables. P value ＜0.001 was considered statistically significant.
‡Variable was log-transformed prior to formal statistical analysis.
ALT, alanine aminotransferase; BMI, body mass index; CUS, current smokers; EX1, ex-smokers who had quit smoking for ≥ 5 years; EX2, ex-
smokers who had quit smoking for ＜5 years; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-
protein cholesterol; NON, non-smokers; sdLDL-C, small dense low-density lipoprotein cholesterol  
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Table 2. Smoking cohorts stratified by BMI, blood pressure, alcohol consumption, diabetes, and lipid concentrations

(A) Male Subjects

Non-Smokers
(n =7,671)

EX1 Smokers
(n =5,035)

EX2 Smokers
(n =1,152)

Current Smokers
(n =5,261)

P
for trend§

BMI ＞25 kg/m2 2,083 (27.2%) 1,363 (27.1%) 372 (32.3%) 1,574 (29.9%) ＜0.001
BMI ＞30 kg/m2 330 (4.3%) 161 (3.2%) 45 (3.9%) 227 (4.3%) 0.782
Blood pressure, mmHg

Normal (sBP ＜ 120 and dBP ＜ 80) 4,338 (57.2%) 2,557 (50.8%) 652 (56.6%) 3,189 (60.6%) 0.002
Normal high (sBP 120-129 and dBP ＜ 80) 984 (12.8%) 682 (13.5%) 141 (12.2%) 597 (11.3%)
Elevated (sBP 130-139 and/or dBP 80-89) 1,456 (19.0%) 1,092 (21.7%) 212 (18.4%) 889 (16.9%)
Stage 1 HT (sBP 140-159 and/or dBP 90-99) 674 (8.8%) 574 (11.4%) 120 (10.4%) 466 (8.9%)
Stage 2 HT (sBP 160-179 and/or dBP 100-109) 152 (2.0%) 116 (2.3%) 22 (1.9%) 104 (2.0%)
Stage 3 HT (sBP ≥ 180 and/or dBP ≥ 110) 17 (0.2%) 14 (0.3%) 5 (0.4%) 16 (0.3%)

Hypertension treatment 914 (11.9%) 919 (18.3%) 143 (12.4%) 525 (10.0%) ＜0.001
Hypertension (Stage1-3 HT or in-treatment) 1,555 (20.3%) 1,436 (28.5%) 253 (22.0%) 1,023 (19.4%) 0.035
Alcohol consumption

≥ 1 drink per week 4,782 (62.3%) 3,859 (76.6%) 857 (74.4%) 3,770 (71.7%) ＜0.001
≥ 3 drinks per week 3,407 (44.4%) 3,297 (65.5%) 714 (62.0%) 3,093 (58.8%) ＜0.001

Fasting glucose
＜ 100 mg/dL 4,384 (57.2%) 2,433 (48.3%) 569 (49.4%) 2,775 (52.7%) ＜0.001
100-125 mg/dL 2,922 (38.1%) 2,269 (45.1%) 491 (42.6%) 2,103 (40.0%)
＞125 mg/dL 365 (4.8%) 333 (6.6%) 92 (8.0%) 383 (7.3%)

Diabetes treatment 243 (3.2%) 214 (4.3%) 66 (5.7%) 209 (4.0%) 0.007
Diabetes 
(fasting glucose ＞125 mg/dL or in-treatment) 431 (5.6%) 401 (8.0%) 106 (9.2%) 436 (8.3%) ＜0.001
Lipids

Triglycerides ＞150 mg/dL 1,420 (18.5%) 1,031 (20.5%) 303 (26.3%) 1,524 (29.0%) ＜0.001
Direct LDL-C ＞140 mg/dL 1,944 (25.3%) 1,241 (24.6%) 291 (25.3%) 1,388 (26.4%) 0.159
sdLDL-C ＞40.1 mg/dL 2,347 (30.6%) 1,815 (36.0%) 469 (40.7%) 2,075 (39.4%) ＜0.001
HDL-C ＜ 40 mg/dL 451 (5.9%) 230 (4.6%) 65 (5.6%) 588 (11.2%) ＜0.001

(B) Female Subjects

Non-Smokers
(n =12,969)

EX1 Smokers
(n =1,095)

EX2 Smokers
(n =284)

Current Smokers
(n =1,030)

P
for trend§

BMI ＞25 kg/m2 1,442 (11.1%) 137 (12.5%) 44 (15.5%) 136 (13.2%) 0.005
BMI ＞30 kg/m2 235 (1.8%) 23 (2.1%) 13 (4.6%) 22 (2.1%) 0.074
Blood pressure, mmHg

Normal (sBP ＜ 120 and dBP ＜ 80) 9,616 (74.1%) 856 (78.2%) 211 (74.3%) 826 (80.2%) ＜0.001
Normal high (sBP 120-129 and dBP ＜ 80) 1,219 (9.4%) 88 (8.0%) 30 (10.6%) 63 (6.1%)
Elevated (sBP 130-139 and/or dBP 80-89) 1,273 (9.8%) 97 (8.9%) 28 (9.9%) 92 (8.9%)
Stage 1 HT (sBP 140-159 and/or dBP 90-99) 700 (5.4%) 44 (4.0%) 14 (4.9%) 35 (3.4%)
Stage 2 HT (sBP 160-179 and/or dBP 100-109) 145 (1.1%) 9 (0.8%) 1 (0.4%) 12 (1.2%)
Stage 3 HT (sBP ≥ 180 and/or dBP ≥ 110) 16 (0.1%) 1 (0.1%) 0 (0.0%) 2 (0.1%)

Hypertension treatment 844 (6.5%) 65 (5.9%) 17 (6.0%) 56 (5.4%) 0.136
Hypertension (Stage1-3 HT or in-treatment) 1,495 (11.5%) 110 (10.0%) 32 (11.3%) 98 (9.5%) 0.031
Alcohol consumption

≥ 1 drink per week 4,578 (35.3%) 592 (54.1%) 160 (56.3%) 564 (54.8%) ＜0.001
≥ 3 drinks per week 2,933 (22.6%) 450 (41.1%) 120 (42.3%) 465 (45.1%) ＜0.001

Fasting glucose
＜ 100 mg/dL 10,333 (79.7%) 872 (79.6%) 216 (76.1%) 807 (78.3%) 0.168
100-125 mg/dL 2,466 (19.0%) 209 (19.1%) 64 (22.5%) 207 (20.1%)
＞125 mg/dL 170 (1.3%) 14 (1.3%) 4 (1.4%) 16 (1.6%)
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associated with increased sdLDL-C levels. In addition, 
values of sdLDL-C/LDL-C ratio were significantly 
lower in the NON group than those in other groups 
both in men and women. 

With regard to HDL-C levels, in men these val-
ues were highest in the EX1 group. Those in EX2 
were significantly lower values than those in the EX1 
group, while those in the CUS groups had the lowest 
values of all the groups (Table 1(A)). In women, those 
in the NON and EX1 groups had significantly higher 
HDL-C levels than those in the CUS group, but there 
were no significant differences between EX2 and other 
groups (Table 1(B)). 

Table 3 shows the results of age-adjusted multi-
variate regression analysis models. After adjustment 
for age, BMI, sBP, HbA1c, and drinking habits, serum 
sdLDL-C levels in EX1, EX2 and CUS groups in men 
and those in EX2 and CUS groups in women were 
significantly higher than those of the NON group. 
TG levels in EX1, EX2 and CUS groups were also sig-
nificantly higher than those in the NON group both 
in men and women. Analysis using presence of hyper-
tension and diabetes as variables instead of sBP and 
HbA1c showed same trend (not shown). Moreover, 
after the adjustment, HDL-C levels in EX2 and CUS 
groups were significantly lower than those in the 
NON group in men. Similarly, HDL-C levels in the 
CUS group were significantly lower than those in the 
NON group in women. Direct LDL-C levels were not 
significantly associated with smoking status both in 
men and women. 

Discussion

Our study shows that smoking status is associ-
ated with sdLDL-C, TG and HDL-C levels indepen-

men, the prevalence of diabetes was 5.6% in NON 
versus 8.3% (+48.2%) in CUS, highly significant; 
however, such differences were not seen in women 
(Table 2).  

In men, TG levels in the NON group were the 
lowest of the four groups, and those in the EX1 group 
were the second lowest, but differences between sub-
jects in the EX2 and CUS group were not significant 
(Table 1(A)). In women, TG levels in NON and EX1 
were similar and lower than those in CUS (Table 
1(B)). Median TG levels were 19.6% higher in CUS 
men and +16.9% higher in CUS women as compared 
to NON. In addition, the prevalence of TG levels ＞
150 mg/dL was +56.8% higher in CUS men at 29.0% 
and 116% higher in CUS women at 10.6% as com-
pared to 18.5% and 4.9% in male and female NON 
groups (Table 2). These data indicate that smoking is 
associated with increased TG levels and hypertriglyc-
eridemia; but the increased use of alcoholic drinks in 
smokers may also have played a role in this associa-
tion. 

In men, sdLDL-C levels in the NON group were 
significantly lower than those in other groups, with 
EX1, EX2, and CUS all having similar sdLDL-C lev-
els (Table 1(A)). However, in women, sdLDL-C levels 
in the NON group were significantly lower than those 
in the CUS group, while there were no significant dif-
ference between EX1, EX2 and other groups (Table 
1(B)). Median sdLDL-C were 12.7% higher in CUS 
men, but only 4.2% higher in CUS women as com-
pared to the NON groups (Tables 1). In addition, the 
prevalence of sdLDL-C levels ＞40.1 mg/dL was 
28.8% higher in CUS men at 39.4%, and 44.9% 
higher in women at 17.1%, as compared to 30.6% 
and 11.8% in the male and female NON groups 
(Tables 2). These data indicate that smoking is also 

(Cont. Table 2)

Non-Smokers
(n =12,969)

EX1 Smokers
(n =1,095)

EX2 Smokers
(n =284)

Current Smokers
(n =1,030)

P
for trend§

Diabetes treatment 115 (0.9%) 4 (0.4%) 5 (1.8%) 11 (1.1%) 0.572
Diabetes 
(fasting glucose ＞125 mg/dL or in-treatment) 208 (1.6%) 16 (1.5%) 7 (2.5%) 21 (2.0%) 0.235
Lipids

Triglycerides ＞150 mg/dL 637 (4.9%) 69 (6.3%) 25 (8.8%) 109 (10.6%) ＜0.001
DirectLDL-C ＞140 mg/dL 2,990 (23.1%) 240 (21.9%) 61 (21.5%) 221 (21.5%) 0.150
sdLDL-C ＞40.1 mg/dL 1536 (11.8%) 148 (13.5%) 55 (19.4%) 176 (17.1%) ＜0.001
HDL-C ＜ 40 mg/dL 89 (0.7%) 10 (0.9%) 0 (0.0%) 15 (1.5%) 0.021

Data are expressed as number (percentage of ) in cohort.  
§P value for trend determined by Mantel-Haenszel test for trend.
BMI, body mass index; dBP, diastolic blood pressure; EX1, ex-smokers who had quit smoking for ≥ 5 years; EX2, ex-smokers who had quit smok-
ing for ＜5 years; HDL-C, high-density lipoprotein cholesterol; HT, hypertension; LDL-C, low-density lipoprotein cholesterol; sBP, systolic blood 
pressure; sdLDL-C, small dense low-density lipoprotein cholesterol



Smoking Status and Small Dense LDL-C

949

Table 3. Age-adjusted multiple regression analysis with sdLDL-C, triglycerides, HDL-C and direct LDL-C

(A) Male Subjects

log sdLDL-C log Triglycerides HDL-C direct LDL-C 

B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Model 1
Non-smokers Reference Reference Reference Reference
EX1 smokers 0.059 (0.042, 0.076) 0.051 (0.032, 0.071) 0.960 (0463, 1.457) -0.986 (-2.070, 0.097)
EX2 smokers 0.107 (0.078, 0.136) 0.162 (0.129, 0.196) -1.207 (-2.055, -0.358) -0.856 (-2.706, 0.993)
Current smokers 0.094 (0.077, 0.110) 0.192 (0.174, 0.211) -3.565 (-4.046, -3.084) -1.623 (-2.671, -0.574)

AIC= -29046.2 AIC= -23938.4 AIC=100074.1 AIC=129881.4
Model 2

Non-smokers Reference Reference Reference Reference
EX1 smokers 0.053 (0.037, 0.069) 0.044 (0.026, 0.062) 1.163 (0.700, 1.626) -1.223 (-2.286, -0.161)
EX2 smokers 0.090 (0.062, 0.118) 0.139 (0.108, 0.170) -0.568 (-1.359, 0.222) -1.601 (-3.416, 0.214) 
Current smokers 0.086 (0.070, 0.102) 0.182 (0.164, 0.199) -3.283 (-3.731, -2.835) -1.951 (-2.980, -0.923)
BMI 0.043 (0.041, 0.045) 0.057 (0.055, 0.059) -1.545 (-1.601, -1.489) 1.802 (1.674, 1.931)

AIC= -30779.4 AIC= -26367.4 AIC=97349.2 AIC=129141.8
Model 3

Non-smokers Reference Reference Reference Reference
EX1 smokers 0.026 (0.010, 0.042) 0.034 (0.016, 0.053) 0.016 (-0.438, 0.470) 0.178 (-0.887, 1.243)
EX2 smokers 0.062 (0.035, 0.090) 0.129 (0.098, 0.161) -1.720 (-2.490, -0.950) -0.194 (-2.001, 1.613)
Current smokers 0.064 (0.048, 0.079) 0.174 (0.156, 0.192) -4.231 (-4.670, -3.793) -0.793 (-1.822, 0.235)
BMI 0.044 (0.042, 0.045) 0.057 (0.055, 0.060) -1.506 (-1.561, -1.452) 1.755 (1.628, 1.883)
≥ 3 drinks per week 0.150 (0.137, 0.163) 0.051 (0.036, 0.065) 6.302 (5.941, 6.664) -7.697 (-8.545, -6.848)

AIC= -31290.2 AIC= -26411.7 AIC=96217.4 AIC=128829.9
Model 4

Non-smokers Reference Reference Reference Reference
EX1 smokers 0.025 (0.009, 0.041) 0.034 (0.016, 0.052) 0.023 (-0.431, 0.476) 0.156 (-0.908, 1.219)
EX2 smokers 0.054 (0.026, 0.081) 0.122 (0.091, 0.153) -1.631 (-2.401, -0.860) -0.486 (-2.292, 1.320)
Current smokers 0.054 (0.038, 0.069) 0.165 (0.148, 0.183) -4.128 (-4.568, -3.689) -1.129 (-2.160, -0.098)
BMI 0.040 (0.038, 0.042) 0.054 (0.052, 0.057) -1.470 (-1.526, -1.415) 1.638 (1.507, 1.769)
≥ 3 drinks per week 0.159 (0.146, 0.172) 0.059 (0.044, 0.074) 6.207 (5.844, 6.570) -7.388 (-8.239, -6.537)
HbA1c 0.079 (0.068, 0.090) 0.070 (0.058, 0.082) -0.814 (-1.113, -0.514) 2.647 (1.945, 3.349)

AIC= -31499.8 AIC= -26539.3 AIC=96191.0 AIC=128777.3
Model 5

Non-smokers Reference Reference Reference Reference
EX1 smokers 0.026 (0.010, 0.042) 0.035 (0.016, 0.053) 0.036 (-0.417, 0.489) 0.156 (-0.907, 1.220)
EX2 smokers 0.056 (0.029, 0.084) 0.124 (0.093, 0.155) -1.582 (-2.350, -0.813) -0.483 (-2.290, 1.323)
Current smokers 0.059 (0.044, 0.075) 0.170 (0.152, 0.188) -4.029 (-4.468, -3.590) -1.123 (-2.155, -0.092)
BMI 0.035 (0.033, 0.037) 0.050 (0.048, 0.052) -1.559 (-1.618, -1.501) 1.633 (1.495, 1.771)
≥ 3 drinks per week 0.145 (0.132, 0.158) 0.047 (0.032, 0.062) 5.963 (5.598, 6.328) -7.402 (-8.261, -6.543)
HbA1c 0.077 (0.066, 0.087) 0.068 (0.056, 0.080) -0.856 (-1.155, -0.557) 2.645 (1.943, 3.347)
sBP 0.003 (0.003, 0.004) 0.003 (0.002, 0.003) 0.058 (0.047, 0.070) 0.003 (-0.025, 0.031)

AIC= -31735.9 AIC= -26670.6 AIC=96099.3 AIC=128779.3
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(Cont. Table 3)

(B) Female Subjects

log sdLDL-C log Triglycerides HDL-C direct LDL-C 

B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Model 1
Non-smokers Reference Reference Reference Reference
EX1 smokers 0.036 (0.012, 0.060) 0.057 (0.031, 0.084) 1.059 (0.143, 1.974) -1.861 (-3.653, -0.069)
EX2 smokers 0.127 (0.082, 0.173) 0.145 (0.095, 0.195) -0.405 (-2.150, 1.340) 1.831 (-1.585, 5.247)
Current smokers 0.093 (0.068, 0.118) 0.189 (0.161, 0.216) -2.241 (-3.183, -1.299) -0.911 (-2.756, 0.933)

AIC= -29040.6 AIC= -26147.6 AIC=82930.0 AIC=103599.9
Model 2

Non-smokers Reference Reference Reference Reference
EX1 smokers 0.027 (0.004, 0.050) 0.045 (0.020, 0.069) 1.488 (0.626, 2.351) -2.474 (-4.212, -0.735)
EX2 smokers 0.102 (0.057, 0.146) 0.108 (0.061, 0.155) 0.843 (-0.801, 2.487) 0.052 (-3.263, 3.367)
Current smokers 0.090 (0.066, 0.114) 0.185 (0.159, 0.210) -2.109 (-2.996, -1.222) -1.100 (-2.888, 0.689)
BMI 0.032 (0.030, 0.034) 0.046 (0.044, 0.048) -1.556 (-1.625, -1.487) 2.218 (2.079, 2.357)

AIC= -30149.2 AIC= -28091.7 AIC=81095.7 AIC=102656.4
Model 3

Non-smokers Reference Reference Reference Reference
EX1 smokers 0.013 (-0.010, 0.037) 0.046 (0.021, 0.071) 0.279 (-0.572, 1.130) -0.693 (-2.424, 1.039)
EX2 smokers 0.086 (0.042, 0.131) 0.109 (0.062, 0.157) -0.482 (-2.098, 1.134) 2.003 (-1.285, 5.291)
Current smokers 0.073 (0.049, 0.097) 0.186 (0.160, 0.212) -3.576 (-4.454, -2.698) 1.060 (-0.726, 2.847)
BMI 0.033 (0.031, 0.034) 0.046 (0.044, 0.048) -1.522 (-1.590, -1.454) 2.168 (2.030, 2.305)
≥ 3 drinks per week 0.072 (0.059, 0.086) -0.077 (-0.022, 0.008) 6.351 (5.848, 6.854) -9.351 (-10.375, -8.327)

AIC= -30253.8 AIC= -28090.5 AIC=80497.5 AIC=102341.0
Model 4

Non-smokers Reference Reference Reference Reference
EX1 smokers 0.015 (-0.008, 0.038) 0.047 (0.022, 0.072) 0.264 (-0.587, 1.114) -0.591 (-2.311, 1.129)
EX2 smokers 0.089 (0.045, 0.133) 0.111 (0.064, 0.158) -0.507 (-2.123, 1.108) 2.172 (-1.094, 5.438)
Current smokers 0.074 (0.050, 0.097) 0.186 (0.161, 0.212) -3.577 (-4.455, -2.700) 1.067 (-0.707, 2.842)
BMI 0.029 (0.028, 0.031) 0.044 (0.042, 0.046) -1.492 (-1.561, -1.423) 1.970 (1.830, 2.110)
≥ 3 drinks per week 0.085 (0.072, 0.099) 0.003 (-0.012, 0.018) 6.223 (5.717, 6.730) -8.498 (-9.522, -7.475)
HbA1c 0.134 (0.118, 0.150) 0.103 (0.086, 0.121) -1.314 (-1.904, -0.723) 8.764 (7.570, 9.958)

AIC= -30518.4 AIC= -28226.4 AIC=80480.4 AIC=102137.4
Model 5

Non-smokers Reference Reference Reference Reference
EX1 smokers 0.019 (-0.004, 0.042) 0.050 (0.026, 0.075) 0.293 (-0.558, 1.144) -0.510 (-2.231, 1.120)
EX2 smokers 0.093 (0.050, 0.137) 0.115 (0.068, 0.162) -0.476 (-2.091, 1.139) 2.259 (-1.006, 5.524)
Current smokers 0.081 (0.057, 0.104) 0.192 (0.166, 0.217) -3.526 (-4.404, -2.648) 1.210 (-0.566, 2.985)
BMI 0.025 (0.023, 0.027) 0.040 (0.038, 0.042) -1.526 (-1.599, -1.453) 1.877 (1.729, 2.025)
≥ 3 drinks per week 0.079 (0.065, 0.092) -0.002 (-0.017, 0.013) 6.175 (5.668, 6.682) -8.632 (-9.658, -7.607)
HbA1c 0.133 (0.117, 0.149) 0.103 (0.086, 0.120) -1.321 (-1.911, -0.730) 8.746 (7.552, 9.939)
sBP 0.003 (0.002, 0.003) 0.002 (0.002, 0.003) 0.021 (0.006, 0.035) 0.057 (0.028, 0.087)

AIC= -30717.6 AIC= -28330.9 AIC=80474.8 AIC=102125.0

AIC, Akaike’s Information Criterion; BMI, body mass index; EX1, ex-smokers who had quit smoking for ≥ 5 years; EX2, ex-smokers who had quit 
smoking for ＜5 years; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; sBP, systolic blood pressure; 
sdLDL-C, small dense low-density lipoprotein cholesterol
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CUS, and sdLDL-C levels in EX1 were similar to that 
in CUS but were still higher than in NON. These 
data indicate that the effects of smoking may persist 
for some time after smoking cessation, and therefore 
cannot be explained by the short-term effects of nico-
tine and other particles in cigarettes. In our data, par-
ticipants in CUS, EX1, and EX2 groups had a higher 
drinking frequency than the NON group, which may 
be another cause of increased TG and sdLDL-C levels 
in smokers. However, our multivariate analyses sug-
gest that smoking has an independent effect on these 
variables as well. In men, values of sdLDL-C/LDL-C 
ratio were also lower in EX1 than in CUS but were 
still higher than those in the NON group. Oxidative 
stress in ex-smokers might be associated with produc-
tion of sdLDL-C. In addition, hepatic lipase activity 
has been reported to be higher in smokers than in 
non-smokers29, 30). These data were consistent with our 
results. Although no supporting data are available, we 
could set up a hypothesis that hepatic lipase activity in 
ex-smokers may keep high level after smoking cessa-
tion, and further studies should be done in the future.

Our data also indicate that there are gender dif-
ferences in TG and sdLDL-C changes due to smoking 
cessation. In men, TG and sdLDL-C were signifi-
cantly higher in the EX1 group than in the NON 
group, but in women such differences were not 
observed. Also, with regard to other lipids parameters, 
the results in EX1 men were similar to those in EX2 
men, while in women, those in EX1 were similar to 
those in NON. Such differences may be due to the 
fact that women might use fewer cigarettes for less 
time, resulting in such gender differences31). In addi-
tion, our sample size of EX2 women was smaller than 
of other groups. 

To our knowledge, this is the first study to exam-
ine the direct relationship between lipids, especially 
sdLDL-C, and smoking in a very large population of 
over 30,000 subjects. Additionally, we have docu-
mented that the effects of smoking on lipids, espe-
cially on TG and sdLDL-C values, persist for years 
after smoking cessation. However, our study has some 
limitations. Our study was cross-sectional in nature. 
Another shortcoming was that we did not have an 
accurate count of the number of cigarettes smoked, 
the precise number of years of smoking and after 
smoking cessation, and the exact amount of alcohol 
consumption. Moreover, since the data were collected 
in only one region of Japan, the results may differ in 
other regions of Japan and in other ethnic groups. 
Another potential shortcoming is that our data on 
smoking and drinking habits were based on self-
reported questionnaires, and therefore, subjects may 
have underreported these habits. In addition, ex-

dently of other CVD risk factors. CUS had signifi-
cantly higher sdLDL-C and TG levels, and signifi-
cantly lower HDL-C values than NON. Furthermore, 
our results also indicate that EX1 had lower TG levels 
and higher HDL-C levels than CUS. However, the 
differences of sdLDL-C levels between EX1 and CUS 
were not significant both in men and women. In men 
values of sdLDL-C and TG remained higher in EX1 
than in the NON group. 

Previous studies have shown that cigarette smok-
ing lowers HDL-C levels and increases TG levels, con-
sistent with our data10, 11). In addition, one cross-sec-
tional study showed that mean LDL particle size of 
current smoker were smaller than those of ex-smokers 
and non-smokers, also consistent with our results13). 
However, another study showed that sdLDL-C mea-
sured after ultracentrifugation did not correlate with 
smoking status14). This difference could be because of 
the small number of subjects studied as well as the 
method of analysis. Our sdLDL-C concentration data 
was measured by automated FAD-cleared enzymatic 
analysis so that the measurement error would be 
expected to be substantially less than for data gener-
ated by ultracentrifugation analysis16, 17). In a random-
ized clinical trial, smoking cessation over a one-year 
period did not change the prevalence of small LDL 
particles12). In contrast, our study documented that 
sdLDL-C levels were significantly lower in subjects 
who had quit smoking for over 5 years as compared 
than current smokers. However, there was no differ-
ence in our analysis between subjects who have quit 
smoking for less than 5 years and current smokers. 
These results suggest that the effects of smoking on 
sdLDL-C may persist for a number of years after 
smoking cessation, consistent with reports that smok-
ing continues to affect CVD after smoking cessa-
tion4-6). Another possible explanation would be that 
EX2 group might include people who had just quit or 
had quit for some health reasons, and they might keep 
unfavorable lipid profiles.

Nicotine and other particles in cigarette are 
known to promote secretion of catecholamines, corti-
sol and growth hormones, and as a result, free fatty 
acids are released, which in turn affects very-low-den-
sity lipoprotein (VLDL) and LDL concentrations in 
blood, contributing to lower HDL concentrations24). 
It has been reported that lipoprotein lipase activity in 
skeletal muscle (known to regulate TG levels) is 
reduced in smokers compared to non-smokers25). 
SdLDL-C level has been reported to correlate strongly 
with TG level, and the same association was observed 
in our study26-28). TG elevation would be a part of the 
cause of sdLDL-C elevation in current smokers.  

In men, TG levels were lower in EX1 than in 
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In summary, our data clearly shows that current 
cigarette smoking is associated with elevated levels of 
TG and sdLDL-C, as well as decreased levels of HDL-
C. Our results also indicate that smoking effects may 
persist for a number of years after smoking cessation.  

Conclusion 

In conclusion, our data are consistent with the 
concept that current and prior cigarette smoking is 
associated with dyslipidemia consisting of elevated 
TG, sdLDL-C, and decreased HDL-C. Furthermore, 
elevated TG and sdLDL-C levels remain in ex-smok-
ers in men. Therefore, smoking not only causes endo-
thelial dysfunction, but also promotes dyslipidemia, 
providing a further reason to promote smoking cessa-
tion. 
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