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Aims: Skipping breakfast is known as a cardiovascular disease (CVD) risk. Recently, eating and dietary patterns
have been varied in many countries, however, the mechanisms of promoting CVD are still unclear. Our goal was
to assess the effects of eating and dietary patterns on CVD risk factors, with a focus on lipid parameters including
serum concentration of small dense low-density lipoprotein cholesterol (sdLDL-C).

Methods: Subjects consisted of 27,997 Japanese men and women, who had medical check-up. Lipid parameters
including sdLDL-C levels in breakfast skippers were compared with those in breakfast eaters. Lipid parameters in
staple foods skippers were also compared with those in staple foods eaters.

Results: Breakfast skippers had significantly (p<0.01) higher serum levels of median sdLDL-C than breakfast
eaters in both genders (34.7 versus 32.0 mg/dL in men, 25.4 versus 24.9 mg/dL in women, respectively), and the
same was true for sdLDL-C/LDL-C ratio (0.276 versus 0.260 in men, 0.218 versus 0.209 in women,
respectively). Similarly, staple foods skippers had significantly higher sdLDL-C level than staple foods eaters in
both genders (34.1 versus 31.6 mg/dL in men, 25.8 versus 24.7 mg/dL in women), and the same went for
sdLDL-C/LDL-C ratio (0.278 versus 0.256 in men, 0.215 versus 0.208 mg/dL in women, respectively).

Conclusion: Our data indicate that both skipping breakfast and having meals without staple foods increase
serum sdLDL-C concentration and cause unfavorable lipid profiles, and then may promote CVD. These finding
provide evidence for the importance of having breakfast and meals with staple foods for preventing CVD.

See editorial vol. 30: 1313-1314
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Introduction
Cardiovascular disease (CVD) is the leading

cause of death in Japan and worldwideV. Diet is
strongly associated with CVD. Recently, the American
Heart Association (AHA) has issued statements on
modification of irregular eating patterns such as

skipping breakfast and poor dietary patterns such as
unbalanced combination of foods* ?. The AHA

statement declared that poor diet quality is strongly
associated with elevated risk of CVD morbidity and
mortality and irregular eating patterns appear less
favorable for achieving a healthy cardiometabolic
profile. The Japan Atherosclerosis Society has also
recommended diet improvement for preventing
CVD*?. Currently over 20% of US adults do not eat
breakfast, and breakfast consumption has declined in
recent decades?. Similarly, according to the National
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Health and Nutrition Survey 2019, 15% of Japanese
men and 10% of Japanese women are also breakfast
skippers®. Although several studies have shown that
skipping breakfast is associated with CVD, the
mechanisms of promoting CVD are still unknown? 719,

The traditional Japanese diet consists of staple
foods (e.g., rice, noodles, bread), main dishes (e.g.,
meat, fish, soy products, eggs), and side dishes (e.g.,
vegetables, mushrooms, seaweed). According to the
Ministry of Agriculture, Forestry and Fisheries of
Japan, Japanese dietary pattern means a nutritionally-
balanced diet'V. Some reports suggested that the
Japanese diet pattern contributes to weight control
and prevention of lifestyle diseases!!'?. However, in
recent years, low-carbohydrate diets have become
prevalent as a method to reduce body weight!417).
Some people practice having meal without staple
foods in order to demonstrate low-carbohydrate diets,
however, they may also lose the good balance of the
Japanese diet!! 19,

Dyslipidemia is one of the major risk factors for
CVD and associated with diet. The association
between dyslipidemia and diet has been explained
mostly via nutrients such as omega-3 polyunsaturated
fatty acid or saturated fatty acid'®%). In contrast, the
association between dyslipidemia and dietary and
eating patterns is still unclear. Elevated levels of low-
density lipoprotein cholesterol (LDL-C) has been
known for developing CVD and stroke?29.
Especially, small dense LDL (sdLDL), a smaller and
denser subfraction of LDL, has been known as more
atherogenic lipoprotein particles, and serum sdLDL-
cholesterol (sdLDL-C) concentration has been
reported to be a more sensitive risk marker for CVD
than serum LDL-C concentration?’3V.

Therefore, we assessed the association of eating
patterns such as skipping breakfast and dietary
patterns such as having meal without staple foods with
CVD risk factors with focus on lipid parameters
including serum concentration of sdLDL-C.

Aims

Our aims in this investigation were to assess the
association of eating and dietary patterns with lipid
parameters in a large Japanese population study. We
tested our main hypothesis that 1) lipid parameters are
more favorable in breakfast eaters than those in
breakfast skippers, and 2) lipid parameters are more
favorable in staple foods eaters than those in staple
foods skippers through this investigation.

Methods

The study population consisted of 27,997 men
and women who received a medical examination at
the health evaluation centers in Osaka, Japan, from
April 2019 to March 2020. All subjects agreed to
participate in this study and the study protocol had
previously been approved by the Medical Research
Ethics Committee of Tokyo Medical and Dental
University, Tokyo, Japan (M2000-2209). If subjects
who had more than once visit during the study period,
data on only first visit was used for this study. Subjects
on lipid lowering medication and those with missing
data were excluded from the analysis. The data for
eating and dietary patterns of participants were
collected using the self-administered questionnaire,
along with their lifestyle factors such as smoking,
alcohol drinking and snacking habits. Daily nutrient
intakes were estimated using data collected dietary
record by the same method with the National Health
and Nutrition Survey®.

Regarding eating patterns, subjects were divided
into two groups: breakfast skippers (BS) or breakfast
eaters (BE). BS consumed breakfast less than 6 times a
week, while BE consumed breakfast almost every day.
Characteristics and laboratory data including lipid
parameters in BS were compared with those in BE. In
addition, the relationship between the frequency of
consuming breakfast and serum concentrations of
sdLDL-C and sdLDL-C/LDL-C ratio was also
observed. For this analysis, BS were divided into 3
subgroups by the frequency of consuming breakfast:
rarely, once or twice a week, and 3-5 times a week.

Subjects who had three meals a day (breakfast-
lunch-dinner) were extracted and divided into groups
by dietary patterns: having meals with or without
staple foods. Staple foods skippers (SS) had three
meals a day, however, did not consume staple foods at
every meal, while staple foods eaters (SE) consumed
staple foods at every meal. Characteristics and
laboratory data including lipid parameters in SS were
compared with those in SE (Fig.1).

Since serum lipid levels change with age in both
genders, and before and after menopause in women> 2224,
subjects were classified into two groups; younger
group (<55 years old) and older group (= 55 years
old) . Then data compared with BS and BE, SS and
SE in younger group and in older group, separately.

Blood samples were collected from all subjects
after an overnight fast. Serum creatinine, liver
transaminases (ALT), total cholesterol (TC),
triglycerides (TG), direct LDL-C, and high density
lipoprotein cholesterol (HDL-C) were measured by
automated standardized enzymatic analysis and
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Fig. 1. Flow diagram of subject selection and categorization

sdLDL-C was measured using FDA cleared assay kit
(Denka Co. Ltd) on TBX-FXS8 instruments (Cannon
Medical Systems, Japan) in the health evaluation
centers®> 33, All assays had within and between run
coefficients of variation of <5.0%. Calculated LDL-C
was derived using the Friedewald formula by
subtracting the sum of HDL-C and TG/5 from TC?3%.
Non HDL-C was calculated by subtracting HDL-C
from TC.

Data are presented as median values with inter-
quartile ranges (IQR) since some variables were not
normally distributed. TG and sdLDL-C data were
analyzed after log-transformation of values because
these parameters are not normally distributed.
Categorical variables are reported as frequencies and
percentages. Analyses were performed by gender
because of significant differences between men and
women with regard to lipid and lipoprotein levels?®.
All statistical analyses were performed using SPSS
software, version 23 (IBM, Armonk, NY). The #test
was used to compare continuous variables in two
groups. One-way ANOVA was used for multiple

comparisons. When a significant group effect was
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observed, the Turkey post-hoc analysis for equally
distributed variables and the Games-Howell post-hoc
analysis for non-equally distributed variables were
performed. Chi-square test was used to compare
categorical variables. Multivariate linear regression was
performed to analyze the effect of lifestyle factors on
serum levels of sdLDL-C and sdLDL-C/LDL-C ratio.
P value <0.05 was considered to confer statistical
significance.

Result

Since gender differences in lipid parameters have
been noted, laboratory and clinical data are presented
for men (#=13,713) and women (2=10,292),
separately.

Breakfast Skippers versus Eaters

The percentages of BS were 26.0% in men and
16.9% in women. In both men and women, BS were
younger than BE. In men, BS had significantly higher
median levels of TG, direct LDL-C, and sdLDL-C
than BE (103.0 versus 93.0 mg/dL, 124.0 versus
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Table 1. Characteristics of subjects breakfast skippers or eaters

Male subjects Female subjects
BS BE Pvalue BS BE Pvalue
n=3,565 n=10,148 n=1,742 7=8,550
Age, year* 47.0 (12.0) 54.0 (16.0) <0.001% 47.0 (13.0) 52.0 (14.0) <0.001%
BMI, kg/m** 23.6 (4.0) 23.3 (3.8) <0.001% 21.3 (4.2) 20.8 (3.8) <0.001%
Waist circumference, cm* 83.8 (11.0) 83 3(10.7) 0.001% 76 0(11.9) 75 2(11.5) <0.001%
Albumin, g/dL* 4.4(0.3) 3(0.3) <0.001% 2(0.3) 2(0.3) 0.382¢
Creatinine, mg/dL* 0.90 (0.16) 0. 92 (0.17) <0.0018 0. 67 (0.13) 0. 68 (0.13) <0.0018
ALT, TU/L* 22.0 (17.0) 21.0 (13.0) <0.0018 14.0 (8.0) 15.0 (8.0) 0.2578
lipids  Total cholesterol, mg/dl* 200.0 (44.0) 199.0 (41.0) 0.016% 203.0 (46.0) 207.0 (47.0) 0.001%
Triglycerides, mg/dL"“t 103.0 (75.0) 93.0 (67.0) <0.001% (9.0 (44.0) 66.0 (39.0) <0.001%
Direct LDL-C, mg/dL* 124.0 (42.0) 122.0 (38.0) <0.001% 117.0 (44.0) 120.0 (40.3) 0.060%
Calculated LDL-C, mg/dL* 1192 (412)  119.6 (36.6) 0.820° 118.0 (41.5)  121.8 (41.0) <0.001%
sdLDL-C, mg/dL*# 34.7 (24.9) 32.0 21.9) <0.0018 25.4 (13.9) 24.9 (12.8) 0.004%
sdLDL-C/LDL-C ratio ** 0.276 (0.173) 0.260 (0.148) <0.0018 0.218 (0.084) 0.209 (0.065) <0.0018
nonHDL-C, mg/dL* 144.0 (45.0) 142.0 (41.0) <0.001% 134.0 (46.0) 137.0 (44.0) 0.047%
HDL-C, mg/dL* 540 (18.0) 55.0 (18.0) <0.001% 68.0 (20.0) 690 (19.0) <0.001%
Diabetes treatment, 7 (%)** 97 (2.7%) 465 (4.6%) <0.0017 9 (0.5%) 66 (0.8%) 0.254"
Diabetes, 7 (%)** 256 (7.2%) 811 (8.0%) 0.1207 19 (1.1%) 83 (1.0%) 0.654"
Hypertension treatment, 7 (%)** 355 (10.0%) 1701 (16.8%) <0.001% 81 (4.6%) 627 (7.3%) <0.001%
Hypertension, 7 (%)** 881 (24.7%) 3012 (29.7%) <0.0017 211 (12.1%) 1311 (15.3%) 0.0017
Smoker, 7 (%)** 2,435 (68.3%) 5,664 (55.8%) <0.0017 511 (29.3%) 1,049 (12.3%) <0.0017
Drinker, 7 (9%)** 1,116 (31.3%) 2,956 (29.1%) 0.0147 291 (167%) 961 (112%)  <0.001
Snack eater, 7 (%)** 453 (12.7%) 2,019 (19.9%) <0.0017 719 (41.3%) 4,543 (53.1%) <0.0017

Data are expressed as median (interquartile range).
#Variable was log-transformed prior to formal statistical analysis. *

$Parameters were compared using 7-test. P value <0.05 was considered statlstlcally significant.
*Data are expressed as number (percentage of) in cohort.

T Parameters were

compared using chi-square test. P value <0.05 was considered statistically significant.

“Diabetes” was defined as using anti-diabetic medication or having fasting blood glucose level >125 mg/dL. “Hypertension” was defined as using
anti-hypertensive drugs or having systolic blood pressure >139 mmHg or diastolic blood pressure >89 mmHg. “Smoker” was defined as current
smokers and ex-smokers. “Drinker” was defined as consuming alcohol every day. “Snack eater” was defined as consuming snacks every day.

ALT, alanine aminotransferase; BMI, body mass index; BE, breakfast caters; BS, breakfast skippers; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small dense low-density lipoprotein cholesterol

122.0 mg/dL, and 34.7 versus 32.0 mg/dL,
respectively). The prevalence of diabetes in BS was
significantly lower than BE. In women, BS had
significantly higher median TG and sdLDL-C levels
than BE (69.0 versus 66.0 mg/dL, 25.4 versus 24.9
mg/dL, respectively) (Table 1).

Regarding the relationship between the frequency
of having breakfast and median serum concentrations
of sdLDL-C and sdLDL-C/LDL-C ratio, BE had
significantly lower median levels of these parameters
than any other group in male subjects. Median levels
of these parameters were almost similar in the 3 BS
subgroups. In female subjects, the difference of
median serum levels of sdLDL-C was not significant
among the 4 groups (BE and 3 BS subgroups), while
BE had significantly lower median sdLDL-C/LDL-C
ratio than any other group and the 3 BS subgroups
had similar median values of this parameter

(Supplemental Table 1 and 2).

Staple Foods Skippers versus Eaters

The percentages of SS were 20.0% in men and
27.3% in women. In both genders, SS had
significantly higher median sdLDL-C than SE (34.1
versus 31.6 mg/dL in men, 25.8 versus 24.7 mg/dL in
women, respectively). The prevalence of diabetes was
significantly higher in SE than SS (Table 2).

Daily nutrient intakes were estimated using data
collected dietary record by the same method with the
National Health and Nutrition Survey®, and they
consumed 18-20% of energy from protein, 36-42% of
energy from fat, and 38-46% of energy from
carbohydrate.

Breakfast Skippers versus Eaters by Age Group
In men, the percentages of BS were 34.5% in the
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Table 2. Characteristics of subjects staple foods skippers or eaters

Male subjects Female subjects
SS SE P value SS SE P value
n=1,818 n=7,287 n=2,109 n=5,624
Age, year* 54.0 (14.0) 54.0 (16.0) 0.490% 53.0 (14.0) 51.0 (15.0) 0.0018
BMI, kg/m?* 23.4 (3.6) 232 (3.7) 0.006° 21.0 (3.6) 20.7 (3.9) 0.001%
Whist circumference, cm* 83.7 (10.0) 83 0(10.7) 0.007% 76 0(11.1) 75 0 (11.4) 0.007%
Albumin, g/dL* 4.3(0.3) 3(0.3) 0.161% 2(0.3) 2(0.3) 0.134%
Creatinine, mg/dL* 0.92 (0.17) 0. 92 (0.17) 0.097¢ 0. 69 (0.13) 0. 68 (0.13) 0.003¢
ALT, TU/L* 21.0 (12.0) 21.0 (13.0) 0.096% 15.0 (7.0) 15.0 (8.0) 0.634%
lipids ~ Total cholesterol, mg/dl* 202.0 (40.0) 198.0 (40.0) <0.001% 209.0 (46.0)  207.0 (46.0) 0.004%
Triglycerides, mg/dL** 95.0 (71.0) 93.0 (67.0) 0.169% 66.0 (40.0) 66.0 (39.0) 0.757%
Direct LDL-C, mg/dL* 122.0 (39.0) 122.0 (37.0) 0.810% 121.0 (42.0) 120.0 (41.0) 0.616%
Calculated LDL-C, mg/dL* 120.0 (37.7) 119.4 (36.0) 0.589% 123.4 (39.6) 121.8 (41.4) 0.2128
sdLDL-C, mg/dL*¥ 34.1(22.7) 31.6 (21.7) <0.001% 25.8 (13.5) 24.7 (12.6) <0.001%
sdLDL-C/LDL-C ratio** 0.278 (0.158)  0.256 (0.146) <0.001% 0.215 (0.074)  0.208 (0.064) <0.001%
nonHDL-C, mg/dL* 142.0 (40.0) 141.0 (41.0) 0.2318 138.0 (44.0) 137.0 (45.8) 0.185%
HDL-C, mg/dL* 570 (18.0) 55.0 (17.0) <0.001% 700 (21.0) 690 (19.0) <0.001%
Diabetes treatment, 7 (%)** 76 (4.2%) 350 (4.8%) 0.2617 22 (1.0%) 34 (0.6%) 0.0437
Diabetes, 7 (%)** 153 (8.4%) 576 (7.9%) 0.4727 28 (1.3%) 48 (0.9%) 0.060"
Hypertension treatment, 7 (%)** 347 (19.1%) 1189 (16.3%) 0.0057 179 (8.5%) 395 (7.0%) 0.029%
Hypertension, 7 (%)** 611 (33.6%) 2116 (29.0%) <0.001% 353 (16.7%) 851 (15.1%) 0.083"
Smoker, 7 (%)** 1,063 (58.5%) 3,830 (52.6%) <0.001f 332 (15.7%) 569 (10.1%) <0.001%
Drinker, 7 (%)** 692 (38.1%) 1,960 (26.9%) <0.001f 396 (18.8%) 465 (8.3%) <0.0017
Snack eater, 7 (%)** 301 (16.6%) 1,550 (21.3%) <0.001" 1008 (47.8%) 3,173 (56.4%) <0.0017

Data are expressed as median (interquartile range).
#Variable was log-transformed prior to formal statistical analysis. *

$Parameters were compared using 7-test. P value <0.05 was considered statlstlcally significant.
*Data are expressed as number (percentage of) in cohort.

T Parameters were

compared using chi-square test. P value <0.05 was considered statistically significant.

“Diabetes” was defined as using anti-diabetic medication or having fasting blood glucose level >125 mg/dL. “Hypertension” was defined as using
anti-hypertensive drugs or having systolic blood pressure >139 mmHg or diastolic blood pressure >89 mmHg. “Smoker” was defined as current
smokers and ex-smokers. “Drinker” was defined as consuming alcohol every day. “Snack eater” was defined as consuming snacks every day.

ALT, alanine aminotransferase; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
sdLDL-C, small dense low-density lipoprotein cholesterol; SE, staple foods eaters; SS, staple foods skippers

younger group (<55 y.0), and 13.5% in the older
group. In both age groups, BS had significantly higher
median TG than BE (103.0 versus 94.0 mg/dL in the
younger group, 102.0 versus 93.0 mg/dL in the older
group, respectively), and the same was true for
sdLDL-C (34.1 versus 31.7 mg/dL in the younger
group, 36.9 versus 32.1 mg/dL in the older group,
respectively). In the younger group, BS had
significantly higher median direct LDL-C than BE
(123.0 versus 122.0 mg/dL, respectively) (Table
3(A)).

In women, the percentages of BS were 20.9% in
the younger group and 10.2% in the older group. BS
had significantly higher median TG than BE (65.0
versus 61.0 mg/dL in the younger group, 81.0 versus
74.0 mg/dL in the older group, respectively), and the
same went for sdLDL-C (24.0 versus 22.7 mg/dL in
the younger group, 30.7 versus 28.2 mg/dL in the
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older group, respectively) (Table 3(B)).

Staple Foods Skipper versus Eaters by Age Group

In men, the percentages of SS were 19.4% in the
younger group, and 20.6% in the older group. In both
age groups, SS had significantly higher median
sdLDL-C than SE (33.7 versus 31.6 mg/dL in the
younger group, 34.4 versus 31.5 mg/dL in the older
group, respectively) (Table 4(A)). In women, the
percentages of SS were 25.9% in the younger group,
29.3% in the older group. In the older group, SS had
significantly higher sdLDL-C than SE (29.4 versus
28.1 mg/dL, respectively) (Table 4(B)).

Breakfast Skippers versus Eaters by Lifestyle
In men, BS had significantly higher median
levels of sdLDL-C than BE, regardless of their lifestyle.

In women, the same was true for only non-smokers,
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Table 3. Characteristics of subjects breakfast skippers or eaters by age group

(A) Male Subjects Younger <55 y.o Older 2 55 y.o
BS BE Pvalue BS BE P value
n=2,812 n=5,328 n=753 n=4,820
Age, year* 45.0 (9.0) 46.0 (9.0) <0.001% 59.0 (6.5) 62.0 (11.0) <0.0018
BMI, kg/m** 23.5 (4.0) 23.4 (3.9) 0.065% 23.7 (4.0) 23.2 (3.6) <0.001%
Whaist circumference, cm* 83 4 (11.1) 82.9 (10.6) 0.001% 85 1(10.8) 83 8 (10.1) <0.001%
Albumin, g/dL* 4(0.3) 4.4 (0.3) 0.2708 3(0.3) 2(0.3) 0.648%
Creatinine, mg/dL* 0. 90 (0.16) 0.92 (0.16) 0.004% 0. 90 0.17) 0. 92 (0.18) 0.009%
ALT, IU/L* 23.0 (18.0) 22.0 (15.0) 0.001% 21.0 (14.0) 20.0 (11.0) <0.001%
lipids ~ Total cholesterol, mg/dl* 199.0 (44.0) 198.0 (41.0) 0.003% 202.0 (42.0) 200.0 (40.0) 0.213%
Triglycerides, mg/dL** 103.0 (76.0) 94.0 (73.0) <0.0018 102.0 (73.0) 93.0 (64.0) <0.001%
Direct LDL-C, mg/dL* 123.0 (43.0) 122.0 (38.0) 0.007% 124.0 (42.0) 121.0 (37.0) 0.173%
Calculated LDL-C, mg/dL* 1184 (41.0)  118.6 (36.4) 0.3248 1212 (40.5)  120.8 (36.4) 0.728°
sdLDL-C, mg/dL* ¥ 34.1 (24.9) 31.7 (22.7) <0.0018 36.9 (24.8) 32.1 (21.2) <0.001%
sdLDL-C/LDL-C ratio** 0.269 (0.169) 0.255 (0.150) <0.001% 0.301 (0.188) 0.263 (0.145) <0.001%
nonHDL-C, mg/dL* 143.0 (45.0) 141.0 (42.0) <0.001% 145.0 (44.0) 142.0 (40.0) 0.100%
HDL-C, mg/dL* 53 0(17.0) 54.0 (16.0) 0.030% 55 0(18.5) 56.0 (18.0) 0.3708
Diabetes treatment, 7 (%)** 52 (1.8%) 124 (2.3%) 0.158" 45 (6.0%) 341 (7.1%) 0.270"
Diabetes, 7 (%)** 145 (5.2%) 238 (4.5%) 0.1627 111 (14.7%) 573 (11.9%) 0.026"
Hypertension treatment, 7 (%)** 171 (6.1%) 393 (7.4%) 0.0297 184 (24.4%) 1308 (27.1%) 0.1197
Hypertension, 7 (%)** 550 (19.6%) 966 (18.1%) 0.1157 331 (44.0%) 2046 (42.4%) 0.436"
Smoker, 7 (%)** 1,791 (63.7%) 2,563 (48.1%) <0.0017 542 (72.0%) 2,947 (61.1%) <0.0017
Drinker, 7 (%)** 811 (28.8%) 1,216 (22.8%) <0.0017 305 (40.5%) 1,740 (36.1%) 0.020"
Snack eater, 7 (%)** 355 (12.6%) 1,001 (18.8%)  <0.001 98 (13.0%) 1,018 (21.1%)  <0.001
(B) Female Subjects Younger <55 y.o Older 2 55 y.o
BS BE Pvalue BS BE Pvalue
n=1,350 n=5,106 n=392 n=3,444
Age, year® 45.0 (9.0) 46.0 (9.0) <0.001% 59.0 (7.0) 62.0 (10.0) <0.001%
BMI, kg/m?* 21.2 (4.1) 20.7 3.7) <0.0018 21.6 (4.6) 21.0 (4.0) <0.001%
Waist circumference, cm* 75 4 (11.6) 74 0(10.8) <0.0018% 79 0(12.8) 77 0(11.5) <0.001%
Albumin, g/dL* 3(0.3) 3(0.3) 0.931% 2 (0.3) 2 (0.3) 0.9528
Creatinine, mg/dL* 0. 67 (0.13) 0. 68 (0.12) 0.001% 0. 69 (0.12) 0. 70 (0.14) 0.103
ALT, TU/L* 13.0 (7.0) 14.0 (7.0) 0.060% 17.0 (7.0) 16.0 (8.0) 0.441%
lipids  Total cholesterol, mg/dl* 196.5 (43.0) 196.0 (43.0) 0.104% 224.0 (40.0) 223.0 (40.0) 0.405%
Triglycerides, mg/dL** 65.0 (42.0) 61.0 (35.0) <0.001% 81.0 (54.0) 74.0 (42.0) 0.002%
Direct LDL-C, mg/dL* 113.0 (41.0) 111.0 (40.0) 0.083% 132.5(39.0) 131.0 (36.0) 0.258%
Calculated LDL-C, mg/dL* 112.9 (37.9) 112.2 (38.4) 0.417% 134.8 (40.1) 135.0 (35.8) 0.4428
sdLDL-C, mg/dL>x<i 24.0 (12.7) 22.7 (11.6) <0.001% 30.7 (16.6) 28.2 (13.3) <0.001%
sdLDL-C/LDL-C ratio** 0.214 (0.080)  0.204 (0.062) <0.001% 0.228(0.082)  0.217 (0.068) <0.001%
nonHDL-C, mg/dL* 128.0 (43.0)  126.0 (42.0) 0.015% 153.5 (42.8)  151.0 (39.0) 0.0788
HDL-C, mg/dL* 67.0 (20.0) 68.0 (19.0) 0.105% 69.5 (19.0) 71 0 (20.0) 0.037%
Diabetes treatment, 7 (%)** 4 (0.3%) 20 (0.4%) 0.608" 5 (1.3%) 46 (1.3%) 0.922
Diabetes, 7 (%)** 11 (0.8%) 28 (0.5%) 0.2617 8 (2.0%) 55 (1.6%) 0.512f
Hypertension treatment, 7 (%)** 34 (2.5%) 142 (2.8%) 0.598" 56 (14.3%) 472 (13.7%) 0.326"
Hypertension, 7 (%)** 117 (8.7%) 406 (8.0%) 0.392 94 (24.0%) 905 (26.3%) 0.586"
Smoker, 7 (%)** 405 (30.0%) 703 (13.8%) <0.0017 106 (27.0%) 346 (10.0%) <0.0017
Drinker, 7 (9%)** 219(162%)  519(102%)  <0.0017 72 (18.4%) 442 (12.8%) 0.002
Snack eater, 7 (%)** 584 (43.3%) 2,861 (56.0%) <0.0017 135 (34.4%) 1,682 (48.8%) <0.0017

Data are expressed as median (interquartile range). $Parameters were compared using 7-test. P value <0.05 was considered statlstlcaﬂy significant.
*Variable was log-transformed prior to formal statistical analys1s *Data are expressed as number (percentage of) in cohort. T Parameters were
compared using chi-square test. P value <0.05 was considered statistically significant.
“Diabetes” was defined as using anti-diabetic medication or having fasting blood glucose level >125 mg/dL. “Hypertension” was defined as using
anti-hypertensive drugs or having systolic blood pressure >139 mmHg or diastolic blood pressure >89 mmHg. “Smoker” was defined as current
smokers and ex-smokers. “Drinker” was defined as consuming alcohol every day. “Snack cater” was defined as consuming snacks every day.
ALT, alanine aminotransferase; BMI, body mass index; BE, breakfast eaters; BS, breakfast skippers; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small dense low-density lipoprotein cholesterol
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Table 4. Characteristics of subjects staple foods skippers or eaters by age group

(A) Male Subjects Younger <55 y.o Older 2 55 y.o
SS SE Pvalue SS SE P value
n=912 n=3,793 n=906 n=3,494
Age, year* 47.0 (9.0) 46.0 (9.0) 0.0048 61.0 (10.0) 63.0 (11.0) <0.001%
BMI, kg/m** 23.5(3.7) 23.4 (3.9) 0.344% 23.4 (3.3) 23.1 (3.5) 0.001%
Waist circumference, cm™* 83 0(11.0) 82.8 (10.9) 0.4928 84 0(9.6) 83 5(10.3) 0.002%
Albumin, g/dL* 4(0.3) 4.4 (0.3) 0.154% 3(0.3) 2(0.3) 0.145%
Creatinine, mg/dL* 0. 92 (0.16) 0.92 (0.16) 0.378% 0. 92 0.17) 0. 92 0.18) 0.144%
ALT, TU/L* 22.0 (14.0) 22.0 (15.0) 0.024% 20.0 (10.0) 19.0 (11.0) 0.4738
lipids  Total cholesterol, mg/dI* 199.0 (41.0) 197.0 (40.0) 0.006" 204.0 (39.3) 199.0 (40.0) 0.001%
Triglycerides, mg/dL** 93.0 (72.0) 94.0 (74.0) 0.829% 96.5 (68.3) 92.0 (62.0) 0.018%
Direct LDL-C, mg/dL* 121.0 (40.0) 122.0 (38.0) 0.7408 122.0 (37.0) 121.0 (37.0) 0.9628
Calculated LDL-C, mg/dL* 118.9 (38.4) 118.4 (35.8) 0.587% 121.5 (37.3) 120.6 (35.8) 0.880%
sdLDL-C, mg/dL* ¥ 33.7 (23.4) 31.6 (22.7) 0.0078 34.4 (22.3) 31.5 (20.6) <0.001%
sdLDL-C/LDL-C ratio™* 0.274 (0.158) 0.253 (0.151) <0.001% 0.283 (0.158) 0.258 (0.141) <0.001%
nonHDL-C, mg/dL* 140.0 (42.3)  141.0 (42.0) 0.679° 1440 (37.0)  142.0 (41.0) 0.188%
HDL-C, mg/dL* 560 (17.0) 540 (17.0) <0.001% 58 0 (18.0) 56.0 (18.0) <0.001%
Diabetes treatment, 7 (%)** 22 (2.4%) 93 (2.5%) 0.9457 54 (6.0%) 257 (7.4%) 0.144"
Diabetes, 7 (%)** 50 (5.5%) 161 (4.2%) 0.105% 103 (11.4%) 415 (11.9%) 0.672°
Hypertension treatment, 7 (%)** 78 (8.6%) 268 (7.1%) 0.1227 269 (29.7%) 921 (26.4%) 0.044"
Hypertension, 7 (%)** 199 (21.8%) 661 (17.4%) 0.0027 412 (45.5%) 1455 (41.6%) 0.038"
Smoker, 7 (%)** 465 (51.0%) 1,761 (46.4%) 0.013" 598 (66.0%) 2,069 (59.2%) <0.0017
Drinker, 7 (%)** 290 (31.8%) 778 (20.5%) <0.0017 402 (44.4%) 1,182 (33.8%) <0.0017
Snack eater, 7 (%)** 140 (15.4%) 764 (20.1%) 0.0017 161 (17.8%) 786 (22.5%) 0.002°
(B) Female Subjects Younger <55 y.o Older 2 55 y.o
SS SE Pvalue SS SE Pvalue
n=1,188 n=3,404 n=921 n=2,220
Age, year® 47.0 (9.0) 46.0 (9.0) <0.001% 61.0 (10.0) 62.0 (10.0) <0.0018%
BMI, kg/m?* 20.9 (3.6) 20.6 (3.7) 0.016% 21.2 (3.8) 21.0 (4.0) 0.043%
Waist circumference, cm* 74 5 (10.6) 74 0(10.7) 0.159% 77 2 (11.1) 76 8(11.9) 0.061%
Albumin, g/dL* 2(0.3) 3(0.3) 0.254% 2(0.3) 2(0.3) 0.487%
Creatinine, mg/dL* 0. 68 (0.13) 0. 67 (0.12) <0.001% 0. 70 (0.14) 0. 70 (0.14) 0.9648
ALT, TU/L* 14.0 (8.0) 14.0 (8.0) 0.2758 16.0 (7.0) 17.0 (9.0) 0.249%
lipids  Total cholesterol, mg/dl* 197.5 (45.0) 195.0 (44.0) 0.065% 224.0 (42.0) 223.5 (40.0) 0.603%
Triglycerides, mg/dL’ki 61.0 (34.0) 62.0 (35.0) 0.322% 73.0 (44.0) 75.0 (41.0) 0.667%
Direct LDL-C, mg/dL* 112.0 (41.0) 111.0 (39.0) 0.967% 131.0 (39.5) 132.0 (36.0) 0.375%
Calculated LDL-C, mg/dL* 113.0 (38.4) 112.0 (38.8) 0.479% 134.2 (37.4) 135.6 (35.6) 0.486%
sdLDL-C, mg/dL** 233 (11.7) 22.6 (11.5) 0.053% 29.4 (15.1) 28.1 (13.0) 0.007%
sdLDL-C/LDL-C ratio** 0.207 (0.066)  0.204 (0.062) 0.0028 0.224 (0.077)  0.215 (0.064) <0.001%
nonHDL-C, mg/dL* 127.0 (42.0)  126.0 (42.0) 0.647% 151.0 (41.0)  152.0 (38.0) 0.7298
HDL-C, mg/dL* 69.0 (19.0) 68.0 (18.0) 0.0028 72 0(21.0) 71 0 (20.0) 0.082%
Diabetes treatment, 7 (%)** 7 (0.6%) 11 (0.3%) 0.2067 5 (1.6%) 23 (1.0%) 0.167°
Diabetes, 7 (%)** 11 (0.9%) 13 (0.4%) 0.0257 17 (1.8%) 35 (1.6%) 0.5907
Hypertension treatment, 7 (%)** 39 (3.3%) 89 (2.6%) 0.228F 140 (15.2%) 306 (13.8%) 0.300"
Hypertension, 7 (%)** 95 (8.0%) 270 (7.9%) 0.943 258 (28.0%) 581 (26.2%) 0.288"
Smoker, 7 (9%)** 203 (17.1%) 394 (11.6%)  <0.001% 129 (14.0%) 175 (7.9%) <0.0017
Drinker, 7 (9%)** 201 (16.9%) 255 (7.5%) <0.001% 195 (212%) 210 (9.5%) <0.0017
Snack eater, 7 (%)** 614 (51.7%) 2,013 (59.1%) <0.0017 394 (42.8%) 1,160 (52.3%) <0.0017

Data are expressed as median (interquartile range). $Parameters were compared using 7-test. P value <0.05 was considered statlstlcally significant.

#Variable was log-transformed prior to formal statistical analysis. *

compared using chi-square test. P value <0.05 was considered statistically significant.
“Diabetes” was defined as using anti-diabetic medication or having fasting blood glucose level >125 mg/dL. “Hypertension” was defined as using
anti-hypertensive drugs or having systolic blood pressure >139 mmHg or diastolic blood pressure >89 mmHg. “Smoker” was defined as current
smokers and ex-smokers. “Drinker” was defined as consuming alcohol every day. “Snack cater” was defined as consuming snacks every day.

ALT, alanine aminotransferase; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
sdLDL-C, small dense low-density lipoprotein cholesterol; SE, staple foods eaters; SS, staple foods skippers
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Table 5. SALDL-C levels and sdLDL-C/LDL-C ratio of subjects breakfast skippers or eaters by lifestyle

Male subjects

Female subjects

Non-smoker
Drinker
Non-drinker

0.262 (0.143) 0.244 (0.130)
0.326 (0.197) 0.304 (0.176)
0.253 (0.151) 0.244 (0.129

<0.0018
0.095)  <0.001%
0.061) 0.0108
0.059) 0.3828

<0.0018 0.216
<0.0018 0.284

0.077) 0.2084 (0.063)
0.116) 0.249
0.068) 0.205
0.066) 0.205

<0.0018 0.208

<0.0018 0.227

BS Pvalue BS BE Pvalue
sdLDL-C, mg/clL”‘:IE All 34.7 (24.9) 32.0 (21.9) <0.001°% 25.4 (13.9) 24.9 (12.8) 0.0048%
Smoker 35.2 (25.4) 33.5 (23.3) <0.001°% 25.3 (14.6) 25.3 (13.8) 0.4558
Non-smoker 33.5 (24.7) 30.4 (20.5) <0.001% 25.5 (13.6) 24.9 (12.6) 0.016%
Drinker 39.1 (26.3) 35.6 (24.0) <0.001°% 30.3 (17.6) 27.9 (14.9) 0.0018
Nkt 326 (23.6)  30.6(20.6)  <0.0015 244 (12.8) 247 (12.4) 0.1588
Sk s 31.0(22.5)  29.5(19.3) 0.0255  24.2(12.3) 24,5 (12.4) 0.721%
Non-snack eater  35.2 (25.2) 32.6 (22.6) <0.001°% 26.4 (15.2) 25.5(13.2) 0.001%
sdLDL-C/LDL-C ratio**  All 0.276 (0.173) 0.260 (0.148) <0.001% 0.218 (0.084) 0.209 (0.065) <0.0018%
Smoker 0.284 (0.182) 0.272 (0.161) <0.001% 0.223 (0.102) 0.218 (0.092) 0.1438
(
(
(
(
(

( )
Snack eater 0.237 (0.146) 0.237 (0.121) 0.1158 0.206
Non-snack eater 0.281 (0.176) 0.266 (0.153)

NN

0.097) 0.215(0.073)  <0.001%

Data are expressed as median (interquartile range). $Parameters were compared using 7-test. P value <0.05 was considered statistically significant.

#Variable was log-transformed prior to formal statistical analysis.

BE, breakfast eaters; BS, breakfast skippers; LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small dense low-density lipoprotein cholesterol

drinkers and non-snack eaters (Table 5). In female
non-drinkers, BS were significantly younger than BE
(mean age 47.4 versus 52.3 years, p<0.001)

The multivariate analysis was performed, and
data were adjusted for lifestyle factors such as
smoking, drinking and snacking. In male subjects,
median sdLDL-C levels and sdLDL-C/LDL-C ratio
in BS were still significantly higher than those in BE.
In contrast, in female subjects, BS had significantly
higher median sdLDL-C/LDL-C ratio than BE,
however, median sdLDL-C levels were not
significantly different between BS and BE after being
adjusted for the lifestyle factors (p=0.071).

Staple Foods Skippers versus Eaters by Lifestyle

In men, SS had significantly higher median levels
of sdLDL-C than SE except for snack eaters. In
women, SS in non-smokers, drinkers and non-snack
eaters also has higher median levels of sdLDL-C than
SE (Table 6). In female non-drinkers, SS and SE were
similar age and their BMI levels were also similar.

The multivariate analysis was performed, and
data were adjusted for the lifestyle factors. In both
male and female subjects, median sdLDL-C levels and
sdLDL-C/LDL-C ratio in SS were still significantly
higher than those in SE even after being adjusted for
the lifestyle factors.

Discussion

The current study provided the first data
regarding the association between sdLDL-C levels and
eating patterns and dietary patterns. Overall our data
confirmed that breakfast skippers had higher
sdLDL-C levels than breakfast eaters, and staple foods
skippers also had higher sdLDL-C levels than staple
foods eaters.

Our study showed that BS had higher levels of
TG and sdLDL-C, and sdLDL-C/LDL-C ratio than
BE in both men and women. And in only male
subjects, BS had significantly higher LDL-C levels
than BE. Some previous studies also reported on the
association between breakfast skipping and serum
lipid levels, however, they were small size, single
gender or limited age of the subjects”. A report from
South Korea showed that low frequency of having
breakfast lead to increases in TC, LDL-C, and TG
levels in men, but no statistically significant difference
in any lipid parameter was observed in women?®>. Our
current large-scale study clearly showed that BS had
unfavorable lipid parameters including higher
sdLDL-C levels in both gender and all ages in
Japanese population. Moreover, our data showed that
BE had more favorable sdLDL-C levels and sdLDL-C/
LDL-C ratio than BS, and these values were identical
among BS subgroups, regardless of frequency of
having breakfast. These data may suggest that having
breakfast almost every day is important to keep lipid
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Table 6. SALDL-C levels and sdLDL-C/LDL-C ratio of subjects staple foods skippers or eaters by lifestyle

Male subjects

Female subjects

SS SE Pvalue SS SE Pvalue
sdLDL-C, mg/dL** All 341(227) 316217  <0.0015  258(13.5) 247(12.6)  <0.0018
Smoker 35.6 (24.7) 33.0 (22.6) <0.001°% 25.8 (15.0) 25.0 (13.8) 0.1378%
Non-smoker 31.8 (20.4) 30.2 (20.3) 0.026% 25.8 (13.4) 24.7 (12.5) <0.0018%
Drinker 38.5 (24.9) 34.5 (23.6) <0.001°% 28.6 (17.1) 26.8 (13.9) 0.0028
Non-drinker 31.6 (20.9) 30.4 (20.7) 0.0088% 25.3 (12.7) 24.6 (12.5) 0.0928
Sk s 29.6(21.8)  29.3 (18.5) 0.1085 249 (12.3)  24.4 (12.6) 0.089%
Non-snack eater  34.7 (22.8)  32.2(22.3)  <0.001% 265 (14.8)  25.2 (12.8) 0.001%
sdLDL-C/LDL-C ratio**  All 0.278 (0.158) 0.256 (0.146) <0.001% 0.215 (0.074) 0.208 (0.064) <0.0018%
Smoker 0.294 (0.178) 0.269 (0.157) <0.001% 0.234 (0.102) 0.214 (0.082) 0.006%
Non-smoker 0.261 (0.136) 0.241 (0.129) 0.0018 0.213 (0.067) 0.208 (0.062) <0.0018
Dl 0.329 (0.181) 0.299 (0.171)  <0.001%  0.256 (0.097) 0.246 (0.094)  0.004"
Non-drinker 0253 (0.132) 0.243 (0.130)  0.014%  0.206 (0.063) 0.206 (0.060)  0.129%
Snack eater 0.244 (0.125) 0.236 (0.118) 0.0948% 0.205 (0.058) 0.205 (0.059) 0.2148%
Non-snack eater 0.286 (0.162) 0.262 (0.151) <0.001% 0.225 (0.084) 0.213 (0.069) <0.001%

Data are expressed as median (interquartile range). $Parameters were compared using 7-test. P value <0.05 was considered statistically significant.

#Variable was log-transformed prior to formal statistical analysis.

“Smoker” was defined as current smokers and ex-smokers. “Drinker” was defined as consuming alcohol every day. “Snack eater” was defined as

consuming snacks every day.

LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small dense low-density lipoprotein cholesterol; SE, staple foods eaters; SS, staple foods

skippers

parameters favorable and prevent CVD.

Previous studies reported that breakfast skipping
lead to weight gain and decreased muscle weight due
to circadian disorders, relatively unfavorable
nutritional balance, decreasing physical activity, and
poor quality of sleep®3). Another previous study
showed that poor sleep quality associated with higher
sdLDL-C*. These data explains the mechanistic link
between breakfast skipping and unfavorable lipid
profiles. In addition to these data, the current study
provided valuable data explaining how breakfast
skipping promote CVD, that is, via developing
atherogenic lipid profiles.

In our study, the prevalence of BS was 26.0% in
men and 16.9% in women, that was clearly higher
than data in the National Health and Nutrition
Survey. Since definition of breakfast skipping was
different between the studies, these data cannot be
simply compared.

According to some previous reports, younger
people tend to have irregular eating patterns® ® 40, A
Japanese survey reported that half of breakfast skippers
continued breakfast skipping since their young age (-
20s)4 4. Since previous studies showed that
improvement of eating pattern from a young age can
prevent future morbidity, everyone should keep good
eating pattern from childhood 49,
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SS had higher levels of sdLDL-C and sdLDL-C/
LDL-C ratio than SE, in men and postmenopausal
women. In recent years, skipping staple foods diet has
been prevalent. SS tends to replace staple foods with
other foods such as meat, fish, or soy products in
Japan. Using the dairy nutrient intake estimation, our
data showed that SS consumed 38-46% of energy
from carbohydrate, and 36-42% of energy from fat.
These dietary patterns resulted in low-carbohydrate
and high-fat diet® . Some reports showed that
consuming low-carbohydrate diets is a dietary method
that leads to weight loss in a short period®: 4.
However, most of the subjects in these reports were
obese!®1>%)_In contrast, some studies reported that a
high-fat diet changes gut microbiota, increases
appetite, cause insulin resistance and unfavorable lipid
profiles, and then promote CVD ¥4,

The traditional Japanese diet is three meals a day,
breakfast-lunch-dinner pattern, and every meal
consists of staple foods, main dishes and side dishes. It
is known as the nutritionally balanced diet. According
to the results of the National Health and Nutrition
Survey, the average energy intake of Japanese adults
was 1915 kcal/day and their protein % of energy was
16%, fat % of energy was 30%, and carbohydrate %
of energy was 54%°¢. Those who had the traditional

Japanese diet had lower rates of obesity,
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hyperlipidemia (high LDL-C), heart disease, and all-
cause mortality!"'?. In contrast, a large long-term
cohort study in the US reported that low (<45%)
percentage of energy from carbohydrates was
associated with increased mortality®”. And they
described that 50-55% of energy from carbohydrate
associated with the minimum risk for mortality.
Overall these data suggested that the traditional
Japanese diet and Japanese dietary pattern contribute
to the prevention of CVD and lowering risk for
mortality.

One of the strengths of our study was quite large
number of subjects approximately 28,000. In
addition, no previous reports exist on the relationship
between sdLDL-C and eating and dietary patterns in
worldwide. Since all subjects were Japanese, a single
ethnic group, the data were not influenced by race.

In contrast, our study had several limitations.
First, this study was the cross-sectional study design.
Although long-term intervention studies of 10 years
or longer are desirable to confirm the effects of dietary
changes on lipid parameters, such intervention is not
realistic. Second, the dietary pattern, staple foods,
main dishes, and side dishes, is common only in Asian
regions including Japan. Therefore, staple foods
skipping may be recognized as a local problem.
However the dietary pattern of staple foods skipping
resulted in a low-carbohydrate and high-fat diet.
Therefore, our data on staple foods skipping can be
generalized as the risk of low-carbohydrate diets for
CVD. Third, since the data were collected only in
Japan. The result might be different in other ethnic
group. In addition, our data were based on self-
reported questionnaires at a yearly medical
examination, and limited data were available on
lifestyle factors. We used available information as
much as we could. However, some of our findings
could not be fully explained because of lack of enough
information. For example, in female non-drinkers,
median levels of sdLDL-C and sdLDL-C/LDL-C
ratio in BS and BE were similar, that was unexpected.
One of the possible explanations is the fact that BS
were significantly younger than BE. Similarly, median
levels of sdLDL-C and sdLDL-C/LDL-C ratio in SS
and SE were identical in female non-drinkers, that was
also unexpected. In this comparison, their age and
BMI levels were also similar, and no appropriate data
were available for explaining the reasons and/or
mechanisms. More information and further analysis
are needed to clarify these issues. Other lifestyle factors
such like exercise habits may be confounders.

Overall, our data confirmed that 1) lipid
parameters are more favorable in breakfast eaters than
those in breakfast skippers, and 2) lipid parameters are

more favorable in staple foods eaters than those in
staple foods skippers. Our findings clarified the
importance and benefit of consuming three meals a
day and having a set of staple foods, main dishes and
side dishes, the Japanese traditional diet.

Conclusion

Our data indicate that both breakfast skipping
and staple foods skipping increase serum sdLDL-C
concentration and cause unfavorable lipid profiles.
Our study reconfirmed that the importance of
consuming three meals a day and having a good

balanced diet for preventing CVD.
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Supplemental Table 1. The relationship between frequency of having breakfast and median serum concentrations of sdLDL-C in
male subjects

Male Subjects Frequency of having breakfast P Value®

BE  3-5/weck 1-2/weck Rarely ~ANOVA BE vs BE vs BEvs  3-5/weck 3-5/weck 1-2/week
n=10,148 n=1,228 #n=686 7=1,651 Pvalue®  3-5/week 1-2/weck Rarely vs 1-2/  vsrarely v rarely
week

sdLDL-C, mg/dL* 32.0 34.8 34.1 35.2 <0.001 <0.001  0.001  <0.001  0.934 0.826 1.000
(21.9) (24.4) (25.3) (25.4)

sdLDL-C/LDL-C ratio* 0.260 0.275 0.275 0.277  <0.001 <0.001  0.007  <0.001  1.000 1.000 1.000
(0.148)  (0.176)  (0.170)  (0.168)

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.
TP value for comparison between individual groups, using Tukey post-hoc analysis for equally distributed variables and Games-Howell post-hoc
analy51s for non-equally distributed variables. P value <0.01 was considered statistically significant.
#Variable was log-transformed prior to formal statistical analysis.
BE, breakfast eaters who consumed (had) breakfast almost every day; LDL-C, low-density lipoprotein cholesterol; Rarely, breakfast skippers who
rarely consumed (had) breakfast; sdLDL-C, small dense low-density; lipoprotein cholesterol; 1-2/week, breakfast skippers who consumed (had)
breakfast once or twice a week; 3-5/w, breakfast skippers who consumed (had) breakfast 3-5 times a week

Supplemental Table 2. The relationship between frequency of having breakfast and median serum concentrations of sdLDL-C in
female subjects

Female Subjects Frequency of having breakfast P Value'

BE  3-5/weck 1-2/weck Rarely ANOVA BEwvs3-5/ BEvs1-2/ BEvs  3-5/weck 3-5/weeck 1-2/week
n=8550 n=797 n=341  n=604 Pvalue® week week Rarely  vs1-2/  vsrarely vs rarely

week

sdLDL-C, mg/dL* 24.9 24.9 26.8 254 0010 0.097 0056 0816 0361 0652 0915
(12.8) (142 (142)  (13.7)

sdLDL-C/[LDL-C ratio 0209 0215 0219 0220 <0001  <0.001 0.034 0001 0996 0732  0.932
(0.065  (0.080)  (0.083)  (0.086)

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.
TP value for comparison between individual groups, using Tukey post-hoc analysis for equally distributed variables and Games-Howell post-hoc
analy51s for non-equally distributed variables. P value <0.01 was considered statistically significant.
#Variable was log-transformed prior to formal statistical analysis.
BE, breakfast eaters who consumed (had) breakfast almost every day; LDL-C, low-density lipoprotein cholesterol; Rarely, breakfast skippers who
rarely consumed (had) breakfast; sdLDL-C, small dense low-density; lipoprotein cholesterol; 1-2/week, breakfast skippers who consumed (had)
breakfast once or twice a week; 3-5/w, breakfast skippers who consumed (had) breakfast 3-5 times a week
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