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Skipping breakfast is considered to be an unhealthy eating habit linked to predispositions to obesity and type 2 diabetes. Because
eating dinner late at night can elicit subsequent breakfast skipping, we investigated if skipping breakfast concomitant with latenight-dinner eating (LNDE) was associated with metabolic syndrome (MetS) and proteinuria in the general Japanese population.
We examined self-reported habitual breakfast skipping and LNDE, MetS (modified ATP-III criteria), and proteinuria in a crosssectional study of 60,800 Japanese adults aged 20–75 years. A total of 14,068 subjects (23.1%) skipped breakfast, of whom
approximately half (52.8%) skipped breakfast alone (without LNDE). The percentages of subjects who skipped breakfast showed
a J-shaped relationship with body mass index (BMI). Multivariate logistic regression analysis showed that skipping breakfast
concomitant with LNDE (𝑛 = 6,645) was significantly associated with MetS and proteinuria, even after adjusting for relevant
confounders (odds ratio (95% CI), 1.17 (1.08–1.28), 𝑃 = 0.0003, and 1.37 (1.24–1.52), 𝑃 < 0.0001, resp.). Skipping breakfast alone and
LNDE alone were not associated with MetS and proteinuria, respectively. In conclusion, habitual breakfast skipping concomitant
with LNDE may represent poorer eating behavior than skipping breakfast alone, associated with MetS, asymptomatic proteinuria,
obesity, and low body weight in the general Japanese population.

1. Introduction
Habitual skipping of breakfast is considered to be an
unhealthy eating habit linked with numerous health issues,
including obesity, type 2 diabetes mellitus, and metabolic
syndrome (MetS) [1–6]. However, evidence for the association between skipping breakfast and these cardiometabolic
abnormalities is limited, especially in Asian adults [4].
Furthermore, the mechanisms responsible for these potential associations are poorly understood. Habitual breakfast
skipping is associated with various lifestyles and physical
conditions, including fatigue, insomnia, lack of time for
eating, smoking, infrequent exercise, alcohol drinking, fulltime working, and even coronary heart disease [2, 7–12].
We focused on the possible close association between
breakfast skipping and eating dinner late at night [9, 10,

13]. In Japan, dinner is usually the main meal of the day
with the greatest energy content [14, 15]. However, high
energy intake at night may increase the risks of obesity and
type 2 diabetes [16, 17]. Late-night-dinner eating (LNDE),
particularly shortly before bedtime, results in food consumption followed by a long period of inactivity and may affect
subsequent physical conditions and eating behaviors. This
suggests that the etiology of skipping breakfast concomitant
with LNDE might differ from that of breakfast skipping
without LNDE and may represent a poorer eating behavior
from a cardiometabolic standpoint.
Asymptomatic proteinuria, a pivotal risk factor for
cardiovascular and chronic kidney disease [18], has been
observed in obese individuals [19–21]. In addition, obesity
and type 2 diabetes have increased in recent decades not
only in Western, but also in Asian countries [22], resulting
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in a pandemic of serious cardiometabolic disease [23]. In the
light of these facts, we investigated if skipping breakfast, especially concomitant with LNDE, was associated with MetS,
proteinuria, obesity, and other cardiometabolic risk factors
in a cross-sectional study of an apparently healthy Japanese
population. We also examined the associations between
skipping breakfast alone (without LNDE) and LNDE alone
(without skipping breakfast) and cardiometabolic conditions.

2. Methods
This study was based on a composite study aimed at elucidating the factors associated with cardiometabolic diseases
[24]. This multicenter retrospective study began in 2011
and involved Josai University, Jichi Medical University, and
the Saitama Health Promotion Corporation. The protocol
conformed to the 1975 Declaration of Helsinki and was
approved by the Ethics Committees of Josai University and
Jichi Medical University, and the committee of the Saitama
Health Promotion Corporation, which is a public interest
corporation. Written informed consent was obtained from all
participants.
2.1. Subjects. We reviewed the data for 74,805 subjects, aged
20–75 years, who underwent medical health checkups at
the Saitama Health Promotion Corporation in 2008. At the
checkups, all subjects were required to complete a questionnaire regarding their past medical history and lifestyle
characteristics, including smoking status, alcohol intake,
regular exercise, and history of diseases such as cardiovascular disease and stroke. Subjects receiving pharmacotherapy
for hypertension, dyslipidemia, or diabetes were excluded
because they were also likely to have received diet therapy
to reduce body weight and improve eating behavior. After
the additional exclusion of subjects with incomplete data, a
total of 60,800 subjects (38,123 men and 22,677 women) were
included in the cross-sectional study.
2.2. Anthropometric and Laboratory Tests. Anthropometric
and laboratory tests were carried out in the morning. Body
mass index (BMI) was calculated according to the following
formula: weight (kg)/height (m2 ). Subjects were divided
into six categories based on BMI: ≤18.9; 19.0–20.9; 21.0–
22.9; 23.0–24.9; 25.0–26.9; and ≥27.0 kg/m2 , as described
elsewhere [24]. Serum parameters were measured with standard methods using Hitachi autoanalyzers (Tokyo, Japan) at
the Saitama Health Promotion Corporation. HbA1c (Japan
Diabetes Society (JDS)) was converted to HbA1c (National
Glycohemoglobin Standardization Program (NGSP)) units
using the officially certified formula: HbA1c (NGSP) (%) =
1.02 × JDS (%) + 0.25% [25].
A series of simple questions for detecting unhealthy
eating behaviors was developed by the Japanese Ministry
of Health, Labour and Welfare for the nationwide Specific
Health Checkups and Specific Health Guidance, started in
2008, and aimed at preventing lifestyle-related diseases [26,
27]. Habitual breakfast skipping was determined based on a
positive response to the question: “Do you skip breakfast at
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least three times per week?” LNDE was determined based
on a positive response to the question: “Do you eat dinner
within two hours before bedtime at least three times per
week?” In this study, LNDE did not necessarily mean that
dinner was eaten particularly late (e.g., around midnight)
but rather indicated that dinner was eaten shortly before the
individual’s bedtime, because the specific timings of meals
and sleep may shift for various reasons, such as working hours
and familial environments. According to the combination
of answers regarding breakfast skipping and LNDE, subjects
were classified into four eating-behavior groups: absence of
both breakfast skipping and LNDE (normal eating behavior),
LNDE alone, breakfast skipping alone, and both breakfast
skipping and LNDE (skipping breakfast concomitant with
LNDE).
Because of the lack of fasting plasma glucose measurement, the diagnosis of MetS was based on the modified Adult
Treatment Panel III criteria [23] with the following cutoff
limits: systolic blood pressure ≥ 130 mmHg or diastolic blood
pressure ≥ 85 mmHg (elevated blood pressure); triglycerides
≥ 150 mg/dL; high-density lipoprotein cholesterol (HDLC) < 40 mg/dL for men and <50 mg/dL for women (low
HDL-C); HbA1c ≥ 5.6% (high-normal HbA1c ); and waist
circumference ≥ 90 cm for men and ≥80 cm for women in
consideration of ethnic difference. Subjects meeting three or
more of these criteria were defined as having MetS. Because
fasting plasma glucose data were unavailable in this study,
HbA1c ≥ 5.6% was used as a surrogate marker for elevated
fasting plasma glucose of ≥100 mg/dL [28]. In this study, to
examine the effect of severe excess body weight apart from
MetS, obesity was defined as BMI ≥ 30.0 kg/m2 , although this
criterion means severe obesity in Japanese population [23].
Dipstick urinalysis was carried out using Uro-Paper III
EIKEN (Eiken Chemical Co., Ltd., Tokyo, Japan) with fresh
single-spot urine specimens. The results were recorded as follows: −, −/+, +1, +2+, +3, and ≥+4, which were equivalent to
semiquantitative urinary protein concentrations of approximately 0, 15, 30, 100, 300, and 1,000 mg/dL, respectively. In
this study, proteinuria was defined as ≥+1.
2.3. Statistical Analysis. Data in the tables are expressed as
mean ± standard deviation or median (interquartile range).
Statistical differences in categorical variables between the
four eating-behavior groups and in continuous parameters
between breakfast skipping concomitant with LNDE and
other eating behaviors were examined by 𝜒2 and Bonferroni
tests (post hoc analysis), respectively. Linear trends in clinical parameters across the four groups were examined by
Pearson’s correlation coefficients after coding the four groups
as 1–4, respectively. Multivariate logistic regression models
were used to examine the associations of MetS, proteinuria,
and obesity with the three unhealthy eating behaviors (as
independent factors), which allowed us to compare among
the four groups. Tests for linear trends were calculated
similarly after coding the four groups as 1–4, respectively, and
the same model analysis was conducted. In the first step, the
associations were not adjusted for any confounders (Model 1).
Second, the associations were adjusted for age and sex (Model
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Table 1: Clinical characteristics of subjects according to four eating behavior groups.

Eating behavior groups
𝑁 (% of total)
Men, 𝑛 (%)
Age (years)
BMI (kg/m2 )
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
𝛾-glutamyltransferase (IU/L)
Triglycerides (mg/dL)
HDL-cholesterol (mg/dL)
HbA1c (%, NGSP)
Past history of CVD, 𝑛 (%)
Proteinuria, 𝑛 (%)
Daily alcohol consumption, 𝑛 (%)
Current smoker, 𝑛 (%)
Having regular exercise, 𝑛 (%)
MetSc , 𝑛 (%)

Normal eating behavior

LNDE alone

Skipping breakfast alone

Skipping breakfast
concomitant with LNDE

34,971 (57.5)
20,010 (57.2)
45.2 ± 12.9
22.8 ± 3.2
80.2 ± 9.0
121 ± 16.4
74 ± 12
22 (19–26)
18 (13–25)
22 (16–36)
90 (61–136)
62.6 ± 15.3
5.5 ± 0.6
450 (1.3)
2,009 (5.7)
6,887 (19.7)
8,611 (24.6)
9,028 (25.8)
4,595 (13.1)

11,761 (19.3)
7,934 (67.5)
42.9 ± 12.0
23.2 ± 3.4
81.3 ± 9.5
122 ± 16.2
75 ± 13
22 (19–27)
19 (14–28)
25 (17–43)
91 (61–141)
62.3 ± 15.4
5.5 ± 0.6
159 (1.4)
741 (6.3)
3,761 (32.0)
3,776 (32.1)
2,741 (23.3)
1,610 (13.7)

7,423 (12.2)
5,174 (69.7)
39.2 ± 12.0
23.0 ± 3.5
80.3 ± 9.6
121 ± 15.8
74 ± 12
21 (18–25)
18 (13–26)
23 (17–37)
90 (61–140)
60.2 ± 15.1
5.4 ± 0.6
85 (1.1)
623 (8.4)
1,491 (20.0)
3,747 (50.5)
1,495 (20.1)
900 (12.1)

6,645 (10.9)
5,005 (75.3)
38.5 ± 11.0a,b
23.3 ± 3.7b
81.4 ± 10.0b
122 ± 15.8
75 ± 13b
21 (18–26)a,b
19 (14–28)b
25 (18–43)b
91 (60–142)
60.7 ± 15.1a
5.4 ± 0.6a
67 (1.0)
568 (8.5)
1,999 (30.1)
3,574 (53.8)
1,316 (19.8)
849 (12.8)

∗

Bonferroni 𝑃 < 0.0083, (a LND alone versus skipping breakfast concomitant with LNDE; b skipping breakfast alone versus skipping breakfast concomitant
with LNDE).
c
MetS was determined according to the modified Adult Treatment Panel III criteria because of the lack of fasting plasma glucose measurement.
Concentrations of hepatic enzymes and triglycerides are expressed as median (interquartile range). Linear trends in clinical parameters across the four eating
habit groups were examined by Pearson’s correlation coefficient. Hepatic enzymes and triglycerides were log transformed before analysis. All 𝑃 for trend values
in continuous variables were <0.0001. Differences in categorical variables between the four dietary groups were examined by 𝜒2 tests. All 𝑃 values were <0.0001,
except for past history of CVD (𝑃 = 0.16) and MetS (𝑃 = 0.02, Cramer 𝑉 value, 0.01).
BMI: body mass index; CVD: cardiovascular disease (including stroke); HDL: high-density lipoprotein; LNDE: late-night-dinner eating; MetS: metabolic
syndrome; NGSP: National Glycohemoglobin Standardization Program.

2). Third, the associations were adjusted for age, sex, current
smoking (versus nonsmoking), daily alcohol consumption
(versus infrequent/no alcohol consumption), having regular
exercise, and past history of cardiovascular disease (Model 3).
Finally, the associations were examined separately according
to men and women.
Subsequently, associations of each unhealthy eating
behavior (as a dependent factor) with MetS, proteinuria,
cardiometabolic risk factors, and the six BMI categories
were also examined. In this analysis, the associations were
further adjusted for MetS and proteinuria (Model 3). In
contrast, the associations were adjusted for MetS components
(elevated blood pressure, low HDL-C, high-normal HbA1c,
and BMI categories) instead of MetS, to examine these
components on the associations in detail (Model 4). Multivariate logistic regression models yielded odds ratios (ORs)
and 95% confidence intervals (95% CI). Statistical analyses
were performed using SPSS version 18.0 (SPSS; Chicago, IL,
USA) and Statview version 5.0 (SAS Institute; Cary, NC,
USA). Values of 𝑃 < 0.05 were considered statistically
significant.

3. Results
The clinical characteristics of the subjects stratified into the
four eating-behavior groups are shown in Table 1. A total of
14,068 subjects reported breakfast skipping, among which
approximately half did not report concomitant LNDE. There
was a significant association between skipping breakfast and
LNDE (𝑃 < 0.0001, 𝜒2 -test, data not shown). Subjects who
skipped breakfast, especially concomitant with LNDE, were
more likely to be men, current smokers, take less regular
exercise, but be younger, compared with subjects in the other
eating-behavior groups. BMI, waist circumference, diastolic
blood pressure, and liver enzymes were significantly higher
in subjects who skipped breakfast concomitant with LNDE
compared with those who skipped breakfast alone, while
HDL-C and HbA1c were lower than in those with LNDE
alone.
The proportions of subjects in each BMI category who
skipped breakfast (including LNDE) and with LNDE (including skipping breakfast) were represented by a J-shaped curve
and a positive linear relationship, respectively (Figure 1).
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Figure 1: Proportions of subjects who skipped breakfast (SB) and with LNDE (a), and who skipped breakfast concomitant with LNDE (SB
+ LNDE), according to six body mass index (BMI) categories. The symbols in the middle of each bar represent the mean percentage of
subjects with breakfast skipping, LNDE, or breakfast skipping concomitant with LNDE and was calculated as the number of subjects with
these behaviors/number of subjects in each BMI group ×100, for each BMI category. The vertical bar represents the standard error (SEM)
when skipping breakfast, LNDE, or skipping breakfast concomitant with LNDE was numbered as 1, and the absence of these behaviors as
0. Triangles (), circles (e), and diamonds (Q) represent overall breakfast skipping (SB), overall LNDE, and breakfast skipping concomitant
with LNDE (SB + LNDE), respectively. The numbers of subjects in each of the six BMI categories from ≤18.9 to ≥27.0 kg/m2 were 5,522,
12,341, 15,708, 12,836, 7,484, and 6,909, respectively. The numbers of subjects in each category who skipped breakfast were 1,316 (9.4%), 2,765
(19.7%), 3,451 (24.5%), 2,862 (20.3%), 1,739 (12.4%), and 1,935 (13.8%); respectively, and the numbers of subjects with LNDE were 1,526 (8.3%),
3,426 (18.6%), 4,550 (24.7%), 3,925 (21.3%), 2,482 (13.5%), and 2,497 (13.6%), respectively. The numbers of subjects with SB + LNDE were 584
(8.8%), 1,256 (18.9%), 1,586 (23.9%), 1,354 (20.4%), 871 (13.1%), and 994 (15.0%), respectively (% of total SB + LNDE).

Among the subjects who skipped breakfast, 9.4% had a
low BMI of ≤18.9 kg/m2 . The relationship between skipping breakfast concomitant with LNDE and increasing BMI
showed a small J-shaped curve.
Table 2 shows the results of multivariate logistic regression analyses. Although skipping breakfast concomitant with
LNDE was significantly associated with MetS, proteinuria,
and obesity, even after adjusting for relevant confounding
factors, skipping breakfast alone and LNDE alone were not
associated with MetS and proteinuria, respectively. All 𝑃
values for trends across the groups were significant for
MetS, proteinuria, and obesity. When subjects were analyzed
according to sex, no significant associations between the
three unhealthy eating behaviors and MetS were observed in
women.
The associations between each eating behavior and cardiometabolic conditions are shown in Table 3. Overall, both
LNDE alone and skipping breakfast alone were significantly
associated with current smoking and inversely associated
with taking regular exercise. LNDE alone was associated with
MetS but not with proteinuria, after adjusting for MetS or
BMI. In contrast, skipping breakfast alone was significantly

associated with elevated blood pressure and proteinuria but
not with MetS, after adjusting for relevant factors. Skipping
breakfast concomitant with LNDE was significantly associated with MetS and proteinuria, even after adjusting for
all relevant confounders (Model 4). Unexpectedly, HDLC was positively associated with LNDE alone and with
skipping breakfast concomitant with LNDE, after adjusting
for confounders. The significant associations between highnormal HbA1c and LNDE alone, and skipping breakfast
concomitant with LNDE, disappeared after adjusting for BMI
(Model 4).
Skipping breakfast (including LNDE) and LNDE (including skipping breakfast) were significantly associated with
both MetS and proteinuria, even after adjusting for the
confounding factors listed in Model 3 (OR (95% CI), 1.07
(1.01–1.14), 𝑃 = 0.04, and 1.35 (1.26–1.46), 𝑃 < 0.0001, for
skipping breakfast, and 1.15 (1.09–1.21), 𝑃 < 0.0001, and 1.10
(1.03–1.18), 𝑃 = 0.006, for LNDE; respectively, data is not
shown in table).
We also investigated the associations between the three
unhealthy eating behaviors and the six BMI categories
(Model 4). LNDE alone was significantly associated with
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Table 2: Odds ratios and 95% CI of unhealthy eating behaviors for MetS, proteinuria, and obesity.
Normal eating
behavior

LNDE alone

Skipping breakfast
alone

Skipping breakfast
concomitant with LNDE

MetS
Case 𝑁
Model 1
Model 2

4,595
1 (Ref)
1 (Ref)

1,610
1.05 (0.99–1.11)
1.14 (1.07–1.22)††

900
0.91 (0.85–0.98)∗
1.17 (1.08–1.27)††

849
0.97 (0.90–1.05)
1.28 (1.18–1.39)††

Model 3

1 (Ref)

1.17 (1.10–1.25)††

1.08 (1.00–1.17)

1.21 (1.11–1.32)††

0.98 (0.96–1.01)
1.09 (1.06–1.11)††
1.06 (1.04–1.09)††
1.06 (1.03–1.09)††
1.03 (0.98–1.09)

𝑃 for trend

Model 3
Men
Women
Proteinuria
Case 𝑁
Model 1
Model 2

1 (Ref)
1 (Ref)

1.20 (1.12–1.30)††
1.09 (0.96–1.23)

1.08 (0.99–1.19)
1.04 (0.88–1.23)

1.21 (1.10–1.32)††
1.10 (0.91–1.34)

2,009
1 (Ref)
1 (Ref)

741
1.10 (1.01–1.20)∗
1.08 (0.99–1.18)

623
1.50 (1.37–1.65)††
1.43 (1.30–1.57)††

568
1.53 (1.39–1.69)††
1.45 (1.31–1.60)††

Model 3

1 (Ref)

1.08 (0.99–1.15)

1.37 (1.25–1.51)††

1.40 (1.26–1.55)††

1.17 (1.14–1.21)††
1.15 (1.11–1.18)††
1.13 (1.10–1.17)††
1.14 (1.10–1.18)††
1.13 (1.07–1.20)††

Model 3
Men
Women
Obesity
Case 𝑁
Model 1
Model 2

1 (Ref)
1 (Ref)

1.09 (0.98–1.22)
1.04 (0.90–1.22)

1.40 (1.25–1.58)††
1.38 (1.16–1.63)†

1.43 (1.27–1.61)††
1.41 (1.16–1.71)†

1,038
1 (Ref)
1 (Ref)

472
1.37 (1.22–1.53)††
1.27 (1.14–1.42)††

333
1.54 (1.35–1.74)††
1.31 (1.16–1.49)††

360
1.87 (1.66–2.12)††
1.57 (1.38–1.77)††

Model 3

1 (Ref)

1.36 (1.22–1.53)††

1.28 (1.13–1.46)†

1.62 (1.42–1.84)††

1.23 (1.19–1.28)††
1.16 (1.11–1.20)††
1.17 (1.12–1.21)††

Model 3
Men
Women

1 (Ref)
1 (Ref)

1.30 (1.14–1.49)†
1.53 (1.25–1.88)††

1.25 (1.08–1.46)†
1.32 (1.01–1.71)∗

1.53 (1.32–1.77)††
1.89 (1.45–2.46)††

1.14 (1.10–1.18)††
1.13 (1.07–1.20)††

∗
𝑃 < 0.05, † 𝑃 < 0.01, †† 𝑃 < 0.0001.
Model 1: Unadjusted.
Model 2: Adjusted for age and sex.
Model 3: Adjusted for age, sex, current smoking (versus nonsmoking), daily alcohol consumption (versus infrequent/no alcohol consumption), having regular
exercise, and past history of cardiovascular disease.
Obesity was defined as body mass index ≥30.0 kg/m2 .

a BMI of ≥23.0 kg/m2 . However, skipping breakfast alone
was significantly associated with BMIs ≥ 27.0 kg/m2 and
≤18.9 kg/m2 , relative to a BMI of 21.0–22.9 kg/m2 . Skipping
breakfast concomitant with LNDE was significantly associated with BMIs of ≤18.9 kg/m2 and ≥23.0 kg/m2 . All three
unhealthy eating behaviors were significantly and positively
associated with continuous BMI values.

4. Discussion
This study demonstrated that self-reported habitual breakfast
skipping concomitant with LNDE may be associated with
MetS, proteinuria, and both obesity and low body weight in
the general Japanese population. However, skipping breakfast
alone, as practiced by approximately half of those who
skipped breakfast, was not associated with MetS. In contrast,
LNDE alone, which was more common than skipping breakfast alone (19.3% of total), was not associated with proteinuria

after adjusting for MetS or BMI categories, suggesting that
the proteinuria detected in subjects with LNDE alone may be
linked to obesity or obesity-related conditions. Overall, these
results suggest that habitual breakfast skipping concomitant
with LNDE may be worse than skipping breakfast alone
from a cardiometabolic standpoint, and that concomitant
LNDE might be an important factor to consider when
exploring the etiology of breakfast skipping. Although no
significant association between breakfast skipping and MetS
was observed in women, the MetS criteria used or the current modification might have interfered with the outcomes,
because significant associations between skipping breakfast
and obesity, a fundamental factor for MetS, similar to those
seen in men, were also observed in women.
Nocturnal life and irregular meal times have been shown
to be associated with impaired regulation of hormones such
as leptin, insulin, and glucocorticoids [9, 29]. LNDE can
therefore affect cardiometabolic and endocrine functions
during sleep and the following morning. Disruption of the
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Table 3: Odds ratios and 95% CIs of unhealthy eating behaviors for cardiometabolic conditions.

LNDE alone
(total 𝑛 = 46,732)a
Current smoking
Daily alcohol drinking
Having regular exercise
Elevated blood pressure
Low HDL-C
High–normal HbA1c
Proteinuria
Continuous BMI
MetS
Six BMI categories (𝑁)
≤18.9 kg/m2 (4,206)
19.0–20.9 kg/m2 (9,576)
21.0–22.9 kg/m2 (12,257)
23.0–24.9 kg/m2 (9,974)
25.0–26.9 kg/m2 (5,745)
≥27.0 kg/m2 (4,974)
Skipping breakfast alone
(total 𝑛 = 42,394)b
Current smoking
Daily alcohol drinking
Having regular exercise
Elevated blood pressure
Low HDL-C
High-normal HbA1c
Proteinuria
Continuous BMI
MetS
Six BMI categories (𝑁)
≤18.9 kg/m2 (3,996)
19.0–20.9 kg/m2 (8,915)
21.0–22.9 kg/m2 (11,158)
23.0–24.9 kg/m2 (8,911)
25.0–26.9 kg/m2 (5,002)
≥27.0 kg/m2 (4,412)
Skipping breakfast concomitant with LNDE
(total 𝑛 = 41,616)c
Current smoking
Daily alcohol drinking
Having regular exercise
Elevated blood pressure
Low HDL-C
High-normal HbA1c
Proteinuria
Continuous BMI
MetS

Model 1

Model 2

Model 3

Model 4

1.46 (1.39–1.52)††
2.27 (2.15–2.39)††
0.87 (0.83–0.91)††
1.11 (1.06–1.16)††
0.83 (0.77–0.91)††
0.92 (0.87–0.97)†
1.11 (1.02–1.21)∗

1.16 (1.10–1.21)††
2.20 (2.08–2.32)††
0.84 (0.80–0.88)††
1.07 (1.02–1.12)†
0.97 (0.89–1.06)
1.07 (1.01–1.13)∗
1.09 (1.00–1.19)∗
1.03 (1.03–1.04)††
1.15 (1.08–1.23)††

1.15 (1.09–1.21)††
2.23 (2.10–2.36)††
0.85 (0.81–0.89)††

1.16 (1.10–1.22)††
2.23 (2.10–2.36)††
0.85 (0.80–0.89)††
1.01 (0.96–1.06)
0.89 (0.81–0.97)∗
1.02 (0.97–1.08)
1.06 (0.97–1.16)

1.08 (0.99–1.18)
1.15 (1.08–1.23)††

0.97 (0.89–1.06)
0.95 (0.89–1.02)
1 (reference)
1.08 (1.01–1.15)∗
1.21 (1.12–1.30)††
1.34 (1.24–1.45)††

3.13 (2.98–3.29)††
1.17 (1.10–1.26)††
0.73 (0.69–0.78)††
0.96 (0.91–1.01)
1.05 (0.95–1.15)
0.74 (0.69–0.79)††
1.50 (1.37–1.64)††

2.88 (2.72–3.04)††
1.03 (0.95–1.11)
0.73 (0.68–0.78)††
1.12 (1.06–1.19)†
1.02 (0.92–1.12)
0.99 (0.92–1.07)
1.35 (1.23–1.49)††
1.01 (1.00–1.02)∗
1.07 (0.99–1.16)

2.84 (2.68–3.01)††
1.03 (0.96–1.11)
0.72 (0.68–0.77)††

1.35 (1.22–1.49)††

2.85 (2.69–3.02)††
1.03 (0.95–1.11)
0.73 (0.68–0.78)††
1.10 (1.03–1.17)†
0.98 (0.89–1.09)
0.97 (0.90–1.04)
1.33 (1.21–1.47)††

1.06 (0.97–1.15)
1.15 (1.04–1.27)†
1.05 (0.97–1.14)
1 (reference)
1.03 (0.95–1.11)
1.00 (0.91–1.10)
1.18 (1.07–1.30)†

3.56 (3.38–3.76)††
2.12 (1.98–2.27)††
0.71 (0.67–0.76)††
1.05 (1.00–1.11)
0.86 (0.77–0.96)†
0.76 (0.71–0.82)††
1.53 (1.39–1.69)††

2.79 (2.63–2.96)††
1.90 (1.77–2.05)††
0.69 (0.64–0.74)††
1.16 (1.09–1.23)††
0.92 (0.82–1.03)
1.10 (1.02–1.19)∗
1.39 (1.25–1.54)††
1.04 (1.03-1.04)††
1.19 (1.09–1.29)††

2.76 (2.60–2.92)††
1.93 (1.78–2.08)††
0.69 (0.64–0.74)††

1.37 (1.24–1.52)††
1.17 (1.08–1.28)†

2.78 (2.62–2.96)††
1.92 (1.78–2.08)††
0.69 (0.65–0.74)††
1.07 (1.00–1.14)
0.84 (0.75–0.95)†
1.04 (0.96–1.13)
1.34 (1.21–1.48)††
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Table 3: Continued.
Model 1

Model 2

Six BMI categories (𝑁)
≤18.9 kg/m2 (3,848)
19.0–20.9 kg/m2 (8,662)
21.0–22.9 kg/m2 (10,879)
23.0–24.9 kg/m2 (8,757)
25.0–26.9 kg/m2 (5,005)
≥27.0 kg/m2 (4,465)

Model 3

Model 4
1.16 (1.04–1.29)†
1.06 (0.97–1.15)
1 (reference)
1.10 (1.01–1.19)∗
1.20 (1.09–1.32)†
1.54 (1.40–1.70)††

The number of total subjects in each analysis comprises that of normal eating behavior (𝑛 = 34,971) plus that of LNDE alone (𝑛 = 11,761)a , skipping breakfast
alone (𝑛 = 7,423)b , or skipping breakfast concomitant with LNDE (𝑛 = 6,645)c .
∗
𝑃 < 0.05, † 𝑃 < 0.01, †† 𝑃 < 0.0001.
The number of subjects and those with confounding factors in each unhealthy eating behavior group is the same as that in Table 1.
Model 1: Unadjusted.
Model 2: Adjusted for age, sex, current smoking (versus noncurrent smoking), daily alcohol consumption (versus infrequent/no alcohol consumption), having
regular exercise (versus nonregular exercise), and past history of cardiovascular disease (versus nonpast history).
Model 3: Adjusted as for Model 2 plus MetS and proteinuria.
Model 4: Adjusted as for Model 2 plus elevated blood pressure, low HDL-C, high-normal HbA1c, BMI categories, and proteinuria.

dinner-sleep-breakfast routine by unhealthy eating behaviors
around bedtime may thus increase the risks of MetS and
proteinuria.
Many clinical studies have stressed the associations
between habitual breakfast skipping and obesity, type 2 diabetes, and MetS [1–6]. Accordingly, this study found a positive
association between skipping breakfast, regardless of LNDE,
with continuous BMI variables, indicating a relationship
with obesity. However, further analysis revealed that skipping
breakfast was significantly associated with high as well as
low BMI. In addition, the observed associations between
overall breakfast skipping and obesity and obesity-related
conditions, including high-normal HbA1c (≥5.6%), may be
due primarily to the pathogenic features of concomitant
LNDE.
Unfortunately, this study did not establish the reasons
for skipping breakfast, and it is therefore possible that the
association between this habit and low body weight may
reflect intentional breakfast skipping to lose weight. Several
investigators have speculated that skipping breakfast can lead
to increased hunger later in the day, which in turn promotes
overeating [30], while breakfast consumption may increase
satiety and reduce the hunger [31]. On the other hand,
skipping breakfast represents a reduction in energy intake,
which could lead to weight loss, and has been associated with
decreased total energy intake in certain populations [32–34].
These results could thus explain the current observation that
skipping breakfast was associated with low BMI. Similarly, we
did not establish the reasons for LNDE. However, working
overtime and familial factors are plausible explanations, and
further consideration of these causes will give a clearer insight
into the suspected cause-effect relationship between skipping
breakfast and LNDE.
This study demonstrated significant positive associations
between HDL-C and LNDE alone, and skipping breakfast
concomitant with LNDE, after adjusting for confounders. The
most likely explanation is that alcohol consumption may be
greater in subjects with such eating behaviors, which may

increase serum HDL-C. However, the amount of alcohol
consumed was not evaluated in this study.
We previously reported a significant association between
skipping breakfast and trace proteinuria (+/–) assessed by
dipstick urinalysis in 2,194 apparently healthy Japanese men
and women [35]; however, to the best of our knowledge, the
current study is the first to demonstrate a robust association
between skipping breakfast and proteinuria in a large general
population. A growing body of clinical evidence has revealed
that proteinuria, including albuminuria, is much more common in obese individuals than in normal-weight individuals
[18–20]. However, our recent study [36] and a study by Sato
et al. [37] showed that low-body-weight individuals may also
be at increased risk of proteinuria, relative to normal-weight
individuals. The currently observed association between
proteinuria and habitual breakfast skipping is therefore not
surprising. In this context, the association of breakfast skipping concomitant with LNDE with not only obesity but also
low body weight may not be surprising. However, whether
the association between breakfast skipping and proteinuria is
mediated through abnormal body weight (i.e., obesity or low
body weight) remains unknown. Because these significant
associations were not appreciably altered after adjusting
for BMI categories, specific independent effects of skipping
breakfast might contribute to the development of proteinuria.

5. Limitations
Our study had several limitations. First, the questionnaire
used to determine breakfast skipping and LNDE was not
universally validated for the assessment of unhealthy eating
behaviors. A detailed assessment of food intake using foodfrequency questionnaires, for example, may be necessary
to evaluate the quantity and quality of breakfast eaten and
other eating behaviors. Furthermore, there is currently no
worldwide standard definition for breakfast skipping [1],
which may also generate bias. However, considering the
large sample size in this study, a detailed assessment of food
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intake may not be feasible because of time and cost restrictions. Second, this study was based on cross-sectional data,
which did not allow us to exclude the likelihood of inverse
causality between cardiometabolic conditions and unhealthy
eating behaviors. Finally, because this study included mostly
nonobese individuals without pharmacotherapy for hypertension, dyslipidemia, and diabetes, the current findings may
not be applicable to subjects receiving pharmacotherapy or
with advanced cardiometabolic diseases, or to people with
high energy intakes at lunchtime. Further prospective studies,
including a more detailed assessment of eating behaviors, are
needed to confirm the current observations.

6. Conclusions
The results of the present study suggest that habitual breakfast
skipping concomitant with LNDE may represent poorer
eating behavior associated with MetS, asymptomatic proteinuria, and both obesity and low body weight in asymptomatic
adults.
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