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Aim: The positive relationship between dietary cholesterol and serum cholesterol has been questioned by a set of
recent cohort studies. This study aimed to investigate how employment status and education years relate to the
association between dietary cholesterol and serum low-density lipoprotein cholesterol (LDL-C) in a Japanese
population.
Methods: A population-based, random sample, cross-sectional study (INTERLIPID) was performed. Among
1,145 Japanese individuals aged 40–59 years, 106 were excluded because of special diets, use of lipid-lowering
drugs, hormone replacement, and missing data, leaving 1,039 individuals (533 men and 506 women). Dietary
cholesterol was assessed from four 24-h dietary recalls, and LDL-C was measured enzymatically with an autoanalyzer. A standard questionnaire inquired about employment status and education years.
Results: In men, a 1 standard deviation (SD) higher dietary cholesterol was associated with 3.16 mg/dL lower
serum LDL-C (P = 0.009; unadjusted model). After adjustment for covariates, higher serum LDL-C was estimated per 1 SD higher intake of dietary cholesterol in nonemployed men [self-employed, homemakers, farmers,
fishermen, and retired employees; β= ＋9.08, 95% confidence interval (CI) = ＋0.90–＋17.27] and less educated
men (β= ＋4.46, 95% CI = −0.97–＋9.90), whereas an inverse association was observed in employed men (β= −
3.02, 95% CI = −5.49–−0.54) and more educated men (β= −3.66, 95% CI = −6.25–−1.07).
Conclusions: In men who were nonemployed and less educated, a higher intake of dietary cholesterol was associated with elevated concentrations of serum LDL-C, whereas an inverse association was observed in men who
were employed and more educated.
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Introduction
The previously established positive relationship
between dietary cholesterol and serum cholesterol has
been challenged by reported findings from large-scale
observational studies 1), and meta-analysis suggested
that higher intake of cholesterol or eggs was not associated with an increased risk of incident cardiovascular
disease (CVD) 2, 3).
However, it is a well-known fact that dietary cholesterol intake influences the serum cholesterol level
from human experimental studies 4-6). Keys et al. established an equation where the subduplicate power of
dietary cholesterol multiplied by 1.5 is the most accurate number for predicating serum cholesterol following 39 human experimental studies 7). Other experimental studies confirmed that a 100 mg/day change
in dietary cholesterol intake changes serum total cholesterol levels by 2.5 mg/dL on average 8). Because Japanese people eat as much as 350–450 mg/day of
dietary cholesterol (equivalent of two eggs) 9); the effect
of dietary cholesterol on serum cholesterol is certainly
not negligible considering the population strategy in
Japan.
Previous studies reported that behavioral and
environmental including lifestyle modifications in
participants make the established positive relationship
out to be reversed through epidemiological studies
because many guidelines and mass media have recommended reduction of cholesterol intake for hypercholesterolemia over the past few decades 10, 11). Moreover,
several historical events occurred in Japan in the late
20 th century including the widespread use of statin
drugs 12); the enactment of the Industrial Safety and
Health Law in 1972, which mandated annual health
check-ups including measurement of cardiovascular
risk factors for employees in large-scale companies;
and the enactment of the Law for the Welfare of the
Elderly in 1983 13).
Availability of health education with consequent
lifestyle modifications particularly among the
employed has markedly improved. Therefore, we
hypothesized that individuals with higher serum cholesterol or those afraid of high-serum cholesterol are
more likely to modify their diet (including reduction
in dietary cholesterol intake) than those with lower
serum cholesterol or those who do not take care of
their lifestyles, particularly influenced by their education or employment in a company; if a sufficient
number of individuals do this, dietary cholesterol will
not relate to serum cholesterol or will inversely correlate with serum cholesterol as a whole. When the
established exposure-outcome process is reversed in an
epidemiological study, it is called reverse causality. In

this situation, the opposite direction from serum cholesterol to dietary cholesterol would be called reverse
causality under the condition of the established direction from dietary cholesterol to serum cholesterol as
mentioned above.
We examined how the relationship and its
reverse causality between dietary cholesterol intake
and serum low-density lipoprotein cholesterol (LDLC) are associated with employment status, education
years, and other possible confounding factors.

Methods
Study Design and Participants
The INTERMAP study is an international,
cooperative, cross-sectional study conducted on 4,680
participants aged 40–59 years old from 17 diverse
population samples in China, Japan, the UK, and the
US, with field work being conducted between 1996
and 1999. The INTERLIPID study is an INTERMAP ancillary study that focused on serum lipids and
blood analytes as well as multiple dietary factors in
Japanese participants in Japan and Hawaii 9, 14, 15). The
methods employed in these two studies have been
described elsewhere in detail 9, 16, 17). Participants in
these studies were randomly recruited at five research
centers: four in Japan (574 men and 571 women) and
one in Hawaii (136 men and 131 women).
In the present study, Japanese participants from
Hawaii were excluded because their lifestyles and environment markedly differed from those among Japanese participants from Japan. The four Japanese populations from Japan included Japanese factory workers
in Toyama, central Japan (149 men and 150 women);
Japanese factory workers in Sapporo, the capital city
of Hokkaido, northern Japan (149 men and 148
women); Japanese factory workers in Wakayama, central Japan (146 men and 144 women); and Japanese
residents in Aito town, a rural town in Shiga prefecture, central Japan (130 men and 129 women).
Among the four research samples, 106 individuals
were excluded because during the diet, they were on a
special diet (n = 50), weight loss diet (n = 8), weight
gain diet (n = 1), vegetarian diet (n = 8), diabetic diet
(n = 4), fat-modified diet (n = 17), and other diets (n =
23); were on lipid-lowering drugs (n = 43) and hormone replacement (for women; n = 10); and had missing data for serum LDL cholesterol (LDL-C; n = 3),
leaving 1,039 individuals (533 men and 506 women).
The Ethics Committees of the Shiga University of
Medical Science, the Sapporo Medical University, the
Kanazawa Medical University, the Wakayama Medical
University, Northwestern University, and the Pacific
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Health Research Institute approved the study protocol. Written informed consent was obtained from all
the participants.
Anthropometric and Lifestyle Assessments
Participants visited research centers four times on
two pairs of consecutive days on an average of 3 weeks
apart. Height and weight with light clothes were measured twice during the first and third visits (a total of
four times); the four measurements of height and
weight were averaged. Using a questionnaire, trained
observers inquired about physical activity, smoking
status, alcohol intake, special diets, previous medical
history of CVDs/diabetes, and use of medication.
Menopausal status and use of hormone replacement
were also investigated among women. Body mass
index (BMI) was calculated as weight divided by
height squared (kg/m 2).
Employment Status and Education Years
Based on questionnaire data on employment status and years of education, these variables were dichotomized because they showed non-normal distributions. In the questionnaire, employment status was
divided into “employed in a company,” “selfemployed” and “nonemployed (i.e., homemakers,
farmers, fishermen, and retired employees).” The selfemployed and nonemployed were combined into one
group called “the others” in the analysis. Education
level was divided into more than or equal to highschool-educated level (years of education, ≥ 12) and
less than high-school-educated level (years of education, ＜ 12). The cutoff point was identified from the
results of previous studies 18, 19).
Dietary Assessment
Detailed, multipass, 24-h dietary recalls were
conducted per participant four times during the four
day visits by specially trained and certified dietary
interviewers. Standardized quality control procedures
were adopted to assess and maximize the quality of
dietary data throughout data collection 17). Although
there were some participants whose energy intakes
from any of the 24-h dietary recalls were ＞ 8,000
kcal/day for men and ＞ 5,000 kcal/day for women in
the original INTERMAP study, all participants
attended four study visits in Japan; their energy
intakes were between 500 and 5,000 kcal/day for both
men and women. The means of individual nutrients
for each participant from the four 24-h dietary recalls
were used in analyses.
Serum Lipid Measurements
In the INTERLIPID study, nonfasting blood
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was drawn after the last meal on the second day of the
first two-day visit 9, 14, 15). Serum and plasma were
obtained by centrifugation within 30 min of blood
drawing and were immediately refrigerated. Within
24 h, all specimens were frozen and locally stored at −
70 ℃. Samples were shipped on dry ice to a central
laboratory in Japan. Serum total cholesterol, serum
high-density lipoprotein cholesterol (HDL-C), and
serum LDL-C were directly measured enzymatically
using an auto-analyzer (Hitachi 7107; Hitachi, Tokyo,
Japan). Individual samples from the four centers were
randomly allocated for analyses to avoid systematic
measurement bias in the assigned order in the autoanalyzer.
Statistical Analyses
In the description of the characteristics of all participants for variables possibly related to serum
LDL-C (mg/dl), means and standard deviations (SDs)
or percentages were calculated with analysis of variance (ANOVA) or chi-squared tests for comparisons
among the sex-specific quartiles of serum LDL-C.
Unpaired t-tests or chi-squared tests compared each
characteristic between men and women among participants used in the analyses. Based on a large number
of significant differences in the individual dietary and
nondietary variables between men and women, all
analyses were stratified by sex. Multiple linear regression analysis was used to examine the relationship of
dietary cholesterol intake with serum LDL-C with
control for multiple possible cofounders (covariates
included employment status and education years).
Interactions were assessed with dietary cholesterol
intake. Previous studies identified age, BMI, menopause, smoking, saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs), and trans fatty acids
(TFAs) as the factors that positively correlate with
serum LDL-C20-26). Alcohol intake, polyunsaturated
fatty acids (PUFAs), and dietary soluble fiber have
been reported to decrease serum LDL-C 27-32). Therefore, these variables were treated as covariates in multiple linear regression models. We then calculated the
difference in serum LDL-C (mg/dl) per 1 SD higher
intake of dietary cholesterol (mg/1,000 kcal), treating
them as continuous variables. In regression models,
the dependent variable was serum LDL-C. Model 1
h a d e m p l oy m e n t s t a t u s ( “e m p l oye d i n a
company”/“the others”) or education years (≥ 12/ ＜ 12
years) and its interaction term with dietary cholesterol
as independent variables. In the case of employment
status, for example, the equation used in the regression model was as below: LDL-C =β0＋β1×employment status (“Employed”/ “the others”)＋β2×dietary
cholesterol＋β3×employment status (“Employed”/
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“the others”)×dietary cholesterol. If “Employed” = 1
and “the others” = 0, LDL-C = (β0＋β1)＋(β2＋β3)×
dietary cholesterol using the model of “Employed”
and LDL-C =β0＋β2×dietary cholesterol using the
model of “the others.” Therefore, we showed the different slope (β) of dietary cholesterol among the
employment statuses. The β in education years was
calculated in the same way. Model 2 was adjusted for
the established factors related to serum LDL-C as
described above: age (year), BMI (kg/m 2), menopausal
status for women (before/in the middle or after),
number of cigarettes per day, alcohol intake (%kcal),
SFA (%kcal), PUFA (%kcal), MUFA (%kcal), TFA
(%kcal), soluble fiber (g/1,000kcal), and four sites.
Model 3 was further adjusted for education years or
employment status. Coefficients for dietary cholesterol
in models were based on the use of indicator variables
for employment status or education years. In addition,
tests were performed to clarify whether the coefficients
differed between the employment status or education
years. Considering the different characteristics between
factory workers in Toyama, Sapporo, and Wakayama
and community-dwellers in Aito town, stratified analysis for Aito town was also conducted to examine the
effect of employment status on the association between
dietary cholesterol and serum LDL-C. Moreover, multiple linear regression analysis was conducted with
serum LDL-C as a dependent variable and dietary
cholesterol, dichotomized serum LDL-C ( ＜ 120/≥ 120
mg/dL), and its interaction between dietary cholesterol and dichotomized serum LDL-C to examine the
difference in the coefficient values between higher
serum LDL-C (≥ 120 mg/dL) and lower serum LDL-C
( ＜ 120 mg/dL). The model was adjusted for age,
BMI, menopausal status (for women), number of cigarettes, alcohol intake, SFA, PUFA, MUFA, TFA, soluble fiber, and site. All analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC); two-tailed
P values of ＜ 0.05 were considered to be significant.
Results
The characteristics of all participants (n = 1,142)
after excluding missing data by sex-specific quartiles of
serum LDL-C are shown in Table 1. In men, the
BMI, serum total cholesterol, systolic blood pressure
(SBP), and diastolic blood pressure (DBP) were
higher, and the intake of alcohol and dietary cholesterol and number of drinkers (%), were lower across
the quartiles of serum LDL-C. In women, age, BMI,
menopause, serum total cholesterol, serum triglycerides (TGs), SBP, and DBP were higher, but alcohol
intake, total energy intake, and serum HDL-C were
lower; dietary cholesterol intake tended to be lower

across the quartiles of serum LDL-C. For both men
and women, other dietary factors including SFA,
PUFA, MUFA, and Keys score had similar means
across the quartiles of serum LDL-C. Aito town had
the smallest number of employed men (34.8%)
among four sites (data not shown).The characteristics
of participants used in analyses (n = 1,039) are shown
in Table 2. This analysis included 533 men and 506
women. The mean (SD) intakes of dietary cholesterol
(mg/1,000 kcal) were not significantly different
between men and women (P = 0.939). The mean (SD)
intakes of SFA (%kcal), PUFA (%kcal), MUFA
(%kcal), and TFA (%kcal) and Keys score were significantly higher in women than in men. Serum total
cholesterol (mg/dL), serum HDL-C (mg/dL), and
serum LDL-C (mg/dL) were also significantly higher
in women than in men. Dietary cholesterol intake did
not significantly differ with regard to employment status (“employed in a company”/“the others”) or education years (≥ 12/ ＜ 12 years) in both men and women
(data not shown).
Table 3 shows estimated differences in serum
LDL-C per 1 SD higher dietary cholesterol intake
according to employment status. In men, a 1 SD
greater dietary cholesterol was associated with 3.16
mg/dL lower serum LDL-C (P = 0.009; unadjusted
model). In Model 1, 4.13 mg/dL lower serum LDL-C
was estimated per 1 SD greater dietary cholesterol
intake in men “employed in a company” (P = 0.001)
but was associated with 8.56 mg/dL higher serum
LDL-C in “the others” (P = 0.050). In Model 2 that
was adjusted for covariates, 3.03 mg/dL lower serum
LDL-C was estimated per 1 SD higher dietary cholesterol intake in men “employed in a company” (P =
0.017), whereas this was 9.13 mg/dL higher serum
LDL-C in “the others” (P = 0.029). In Model 3 that
was further adjusted for education years, 3.02 mg/dL
lower serum LDL-C was estimated per 1 SD higher
dietary cholesterol intake in the employed men (P =
0.017), but 9.08 mg/dL higher serum LDL-C was
observed in “the others” (P = 0.030). These significant
relationships were not observed in women. Among the
men in Aito town, there was a positive tendency in the
association between dietary cholesterol and serum
LDL-C in “the others” [β= ＋7.87, 95% confidence
interval (CI) = −1.12–＋16.85, P = 0.085] but no significant association between dietary cholesterol and
serum LDL-C in men “employed in a company” (β=
＋2.40, 95% CI = −4.99–＋9.78, P = 0.521; Model 3).
Table 4 shows estimated differences in the serum
LDL-C per 1 SD higher dietary cholesterol intake
according to education years. In men, Model 1 estimated 4.83 mg/dL lower serum LDL-C per 1 SD
higher dietary cholesterol intake in more educated
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Table 1. Characteristics of all participants (n = 1,142; age, 40–59 years)＊ by sex-specific quartiles of serum LDL cholesterol in the
INTERLIPID study in Japan, 1996–1999
Men (n = 572)

Serum LDL cholesterol, median (range), mg/dL
Serum LDL cholesterol, mean (SD), mg/dL
Age, mean (SD), years
BMI, mean (SD), kg/m 2
Employed in a company＊＊＊, no. (%)
Education＊＊＊, mean (SD), years
Education years ≥ 12 years (finished high school)＊＊＊, no. (%)
Site, no. (%)
Toyama
Sapporo
Aito
Wakayama
Smokers＊＊＊, no. (%)
Numbers of cigarettes, mean (SD), n/day
Numbers of cigarettes in smokers, mean (SD), n/day
Drinkers＊＊＊, no. (%)
Alcohol intake, mean (SD), %kcal
Alcohol intake in drinkers, mean (SD), %kcal
Alcohol intake, mean (SD), g/day
Alcohol intake in drinkers, mean (SD), g/day
Dietary energy, mean (SD), kcal/day
Dietary total carbohydrate, mean (SD), %kcal
Dietary total protein, mean (SD), %kcal
Dietary total fat, mean (SD), %kcal
Dietary cholesterol, mean (SD), mg/1000 kcal
SFA, mean (SD), %kcal
PUFA, mean (SD), %kcal
MUFA, mean (SD), %kcal
TFA, mean (SD), %kcal
Total fiber, mean (SD), g/1000 kcal
Soluble fiber, mean (SD), g/1000 kcal
Insoluble fiber, mean (SD), g/1000kcal
Keys score, mean (SD)
Serum total cholesterol, mean (SD), mg/dL
Serum HDL cholesterol, mean (SD), mg/dL
Serum TG, mean (SD), mg/dL
SBP, mean (SD), mmHg
DBP, mean (SD), mmHg
On special diet＊＊＊, no. (%)
On lipid-lowering drugs＊＊＊, no. (%)
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Q1 (n = 137)

Q2 (n = 147)

Q3 (n = 144)

88.0 (45–99)
84.0 (13.1)
49.9 (5.3)
23.0 (2.4)
129 (94.2)
12.3 (2.3)
111 (81.0)

110 (100–119)
109.3 (5.9)
49.3 (5.5)
23.5 (2.9)
131 (89.1)
12.1 (2.1)
113 (76.9)

129 (120–141)
129.7 (6.4)
49.7 (5.5)
23.7 (2.8)
130 (90.3)
12.5 (2.2)
122 (84.7)

34 (24.8)
53 (38.7)
22 (16.1)
28 (20.4)
69 (50.4)
10.6 (11.9)
21.0 (7.8)
134 (97.8)
10.5 (7.5)
10.7 (7.5)
34.7 (24.9)
35.4 (24.6)
2317 (371)
51.1 (8.1)
15.8 (2.4)
23.8 (5.0)
200.6 (72.7)
6.0 (1.7)
6.4 (1.6)
8.6 (2.1)
0.3 (0.2)
7.0 (2.0)
1.1 (0.4)
5.8 (1.7)
28.6 (6.1)
169.2 (18.8)
56.9 (16.9)
155.2 (142.8)
119.7 (11.1)
75.3 (8.5)
7 (5.1)
3 (2.2)

34 (23.5)
39 (26.9)
33 (22.8)
39 (26.9)
77 (52.4)
11.8 (13.4)
22.4 (10.2)
145 (98.6)
9.6 (7.5)
9.8 (7.5)
31.4 (24.7)
31.8 (24.6)
2270 (429)
52.1 (7.9)
15.8 (2.3)
23.4 (4.6)
201.9 (67.1)
6.1 (1.6)
6.0 (1.4)
8.5 (2.0)
0.4 (0.2)
6.4 (1.8)
1.1 (0.4)
5.3 (1.4)
29.3 (5.8)
189.3 (17.6)
52.1 (13.6)
666.9 (127.2)
118.1 (12.6)
75.7 (9.8)
7 (4.8)
7 (4.8)

36 (25.4)
35 (24.7)
37 (26.1)
34 (23.9)
65 (45.1)
11.0 (13.8)
24.3 (9.8)
137 (95.1)
7.9 (7.2)
8.3 (7.2)
26.0 (25.1)
27.3 (25.0)
2263 (448)
52.9 (7.2)
15.9 (2.2)
23.9 (4.9)
198.4 (66.7)
6.0 (1.5)
6.3 (1.6)
8.7 (2.2)
0.4 (0.2)
7.2 (1.9)
1.2 (0.5)
5.9 (1.5)
28.7 (6.0)
206.5 (16.7)
53.5 (12.1)
155.5 (86.3)
120.5 (13.0)
76.3 (9.4)
11 (7.6)
2 (1.4)

Q4 (n = 144)

P value

155 (142–201)
157.3 (12.3)
0.605
49.2 (4.9)
＜ 0.001
24.5 (2.5)
0.235
136 (94.4)
0.342
12.4 (1.9)
0.066
127 (88.2)
0.003
44 (30.8)
20 (14.0)
36 (25.2)
43 (30.1)
0.127
85 (59.0)
0.222
13.6 (13.5)
0.175
23.0 (9.6)
0.283＊＊
138 (95.8)
0.017
8.6 (6.7)
8.9 (6.6)
0.038
28.4 (23.8)
0.025
29.7 (23.6)
0.051
2268 (455)
0.633
52.9 (7.7)
0.187
15.7 (2.2)
0.785
23.5 (4.7)
0.819
181.2 (61.2)
0.020
6.1 (1.6)
0.945
6.1 (1.4)
0.136
8.5 (2.0)
0.928
0.3 (0.2)
0.018
6.8 (1.7)
0.002
1.1 (0.4)
0.008
5.6 (1.4)
0.003
28.3 (5.8)
0.565
230.8 (19.0) ＜ 0.001
0.040
52.3 (11.2)
0.619
166.5 (80.4)
0.017
123.2 (14.4)
79.9 (11.4) ＜ 0.001
0.578
6 (4.2)
0.308＊＊
6 (4.2)
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Women (n = 570)

Serum LDL cholesterol, median (range), mg/dL
Serum LDL cholesterol, mean (SD), mg/dL
Age, mean (SD), years
BMI, mean (SD), kg/m 2
Employed in a company＊＊＊, no. (%)
Education＊＊＊, mean (SD), years
Education years ≥ 12 years (finished high school)＊＊＊, no. (%)
Site, no. (%)
Toyama
Sapporo
Aito
Wakayama
Before menopause (women)＊＊＊, no. (%)
Smokers＊＊＊, no. (%)
Numbers of cigarettes, mean (SD), n/day
Numbers of cigarettes in smokers, mean (SD), n/day
Drinkers＊＊＊, no. (%)
Alcohol intake, mean (SD), %kcal
Alcohol intake in drinkers, mean (SD), %kcal
Alcohol intake, mean (SD), g/day
Alcohol intake in drinkers, mean (SD), g/day
Dietary energy, mean (SD), kcal/day
Dietary total carbohydrate, mean (SD), %kcal
Dietary total protein, mean (SD), %kcal
Dietary total fat, mean (SD), %kcal
Dietary cholesterol, mean (SD), mg/1000 kcal
SFA, mean (SD), %kcal
PUFA, mean (SD), %kcal
MUFA, mean (SD), %kcal
TFA, mean (SD), %kcal
Total fiber, mean (SD), g/1000 kcal
Soluble fiber, mean (SD), g/1000 kcal
Insoluble fiber, mean (SD), g/1000 kcal
Keys score, mean (SD)
Serum total cholesterol, mean (SD), mg/dL
Serum HDL cholesterol, mean (SD), mg/dL
Serum TG, mean (SD), mg/dL
SBP, mean (SD), mmHg
DBP, mean (SD), mmHg
On special diet＊＊＊, no. (%)
Taking lipid-lowering drugs＊＊＊, no. (%)
＊

Q1 (n = 141)

Q2 (n = 139)

Q3 (n = 148)

Q4 (n = 142)

91 (39–101)
86.8 (11.6)
47.4 (5.2)
22.3 (2.8)
110 (78.0)
12.3 (2.1)
116 (82.3)

113 (102–122)
112.5 (5.8)
48.7 (5.2)
22.9 (2.8)
107 (77.0)
11.8 (1.8)
104 (74.8)

132 (123–142)
132.1 (5.5)
49.5 (5.3)
23.3 (3.1)
103 (69.6)
11.5 (1.9)
103 (69.6)

160 (143–213)
163.0 (17.4)
51.4 (4.7)
24.1 (3.4)
99 (69.7)
10.9 (1.9)
73 (51.4)

35 (25.0)
52 (37.1)
25 (17.9)
28 (20.0)
85 (60.3)
14 (9.9)
1.2 (4.4)
12.2 (7.7)
124 (87.9)
2.3 (4.4)
2.6 (4.6)
6.1 (11.2)
6.9 (11.7)
1848 (367)
55.3 (7.4)
16.1 (2.5)
26.4 (5.3)
211.1 (75.4)
7.0 (1.9)
6.7 (1.5)
9.6 (2.3)
0.5 (0.4)
8.5 (2.2)
1.5 (0.5)
7.0 (1.7)
31.1 (6.7)
169.9 (21.5)
62.1 (17.1)
97.4 (69.8)
110.8 (13.0)
67.7 (8.8)
9 (6.4)
4 (2.8)

32 (23.0)
37 (26.6)
38 (27.3)
32 (23.0)
68 (48.9)
11 (7.9)
0.9 (3.5)
11.1 (6.8)
113 (81.3)
1.2 (2.8)
1.6 (3.1)
3.3 (7.1)
4.1 (7.7)
1823 (310)
56.5 (6.1)
16.1 (2.1)
26.1 (4.9)
195.2 (58.4)
7.2 (1.8)
6.6 (1.5)
9.3 (2.2)
0.5 (0.3)
9.0 (2.2)
1.6 (0.5)
7.4 (1.7)
31.2 (6.0)
191.6 (14.5)
62.2 (14.3)
100.9 (50.3)
113.0 (11.5)
70.1 (8.6)
10 (7.2)
5 (3.6)

43 (29.1)
27 (18.2)
36 (24.3)
42 (28.4)
59 (39.9)
10 (6.8)
0.6 (2.7)
8.9 (6.3)
118 (79.7)
1.4 (2.9)
1.7 (3.1)
3.5 (7.4)
4.4 (8.0)
1754 (296)
56.2 (6.2)
16.2 (2.5)
26.0 (4.5)
190.3 (61.8)
7.0 (1.7)
6.6 (1.3)
9.4 (2.1)
0.5 (0.3)
9.1 (2.5)
1.6 (0.6)
7.4 (2.0)
30.5 (6.5)
210.0 (16.0)
60.3 (13.3)
110.8 (52.0)
114.4 (14.5)
70.9 (9.7)
13 (8.8)
3 (2.0)

39 (28.1)
30 (21.6)
30 (21.6)
40 (28.8)
41 (28.9)
14 (9.9)
1.3 (4.4)
12.9 (7.0)
114 (80.3)
1.1 (2.0)
1.4 (2.1)
2.9 (5.3)
3.6 (5.7)
1764 (308)
56.7 (5.7)
16.1 (2.0)
26.0 (4.8)
198.9 (68.1)
7.1 (1.8)
6.6 (1.4)
9.3 (2.1)
0.5 (0.3)
8.8 (2.2)
1.5 (0.5)
7.2 (1.8)
31.1 (6.7)
237.0 (21.9)
55.6 (10.7)
133.2 (63.7)
118.2 (15.4)
73.2 (10.5)
13 (9.2)
7 (4.9)

P value

＜ 0.001
＜ 0.001

0.209
＜ 0.001
＜ 0.001

0.029

＜ 0.001

0.723
0.329
0.538
0.236
0.032
0.057
0.028
0.053
0.041
0.323
0.938
0.907
0.079
0.880
0.854
0.741
0.993
0.146
0.201
0.126
0.704
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
0.800
0.562＊＊

＊＊

Excluded missing data for serum LDL cholesterol (n = 3). P values were obtained using Welch’s ANOVA test or chi-squared test ( Fisher’s exact
＊＊＊
Self-reported. SI conversion factors: to convert serum cholesterol to mmol/L, multiply values by 0.0259.
test).
Keys score = 2.7×S−1.35×P＋1.5×√C; S, saturated fatty acid (%kcal); P, polyunsaturated fatty acid (%kcal); C, dietary cholesterol (mg/1,000
kcal).
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Table 2. Characteristics of participants who were analyzed (n = 1,039; age, 40–59 years, in the INTERLIPID study in
Japan, 1996–1999

Age, mean (SD), years
BMI, mean (SD), kg/m2
Employed in a company＊, no. (%)
Education＊, mean (SD), years
Education years ≥ 12 years (finished high school)＊, no. (%)
Site, no. (%)
Toyama
Sapporo
Aito
Wakayama
Before menopause (women)＊, no. (%)
Smokers＊, no. (%)
Numbers of cigarettes, mean (SD), n/day
Numbers of cigarettes in smokers, mean (SD), n/day
Drinkers＊, no. (%)
Alcohol intake, mean (SD), %kcal
Alcohol intake in drinkers, mean (SD), %kcal
Alcohol intake, mean (SD), g/day
Alcohol intake in drinkers, mean (SD), g/day
Dietary energy, mean (SD), kcal/day
Dietary total carbohydrates, mean (SD), %kcal
Dietary total protein, mean (SD), %kcal
Dietary total fat, mean (SD), %kcal
Dietary cholesterol, mean (SD), mg/1000 kcal
SFA, mean (SD), %kcal
PUFA, mean (SD), %kcal
MUFA, mean (SD), %kcal
TFA, mean (SD), %kcal
Total fiber, mean (SD), g/1000 kcal
Soluble fiber, mean (SD), g/1000 kcal
Insoluble fiber, mean (SD), g/1000 kcal
Keys score, mean (SD)
Serum total cholesterol, mean (SD), mg/dL
Serum LDL cholesterol, mean (SD), mg/dL
Serum HDL cholesterol, mean (SD), mg/dL
Serum TG, mean (SD), mg/dL
SBP, mean (SD), mmHg
DBP, mean (SD), mmHg

Men

Women

(n = 533)

(n = 506)

49.5 (5.3)
23.6 (2.7)
490 (91.9)
12.4 (2.1)
443 (83.1)

49.0 (5.3)
23.0 (2.9)
374 (73.9)
11.6 (1.9)
355 (70.2)

139 (26.2)
139 (26.2)
118 (22.3)
134 (25.3)
—
277 (52.0)
11.6 (13.0)
22.3 (9.2)
516 (96.8)
9.2 (7.3)
9.5 (7.2)
30.1 (24.6)
31.1 (24.4)
2279 (423)
52.4 (7.7)
15.7 (2.2)
23.6 (4.7)
197.3 (67.5)
6.1 (1.6)
6.2 (1.5)
8.6 (2.1)
0.3 (0.2)
6.8 (1.9)
1.1 (0.4)
5.7 (1.5)
28.8 (5.9)
198.3 (28.2)
120.2 (28.3)
54.0 (13.8)
153.5 (98.0)
120.2 (13.0)
76.7 (10.1)

135 (26.9)
123 (24.5)
117 (23.3)
127 (25.3)
239 (47.2)
43 (8.5)
1.0 (3.7)
11.2 (6.6)
415 (82.0)
1.6 (3.3)
2.0 (3.6)
4.1 (8.4)
5.0 (9.0)
1808 (325)
56.2 (6.3)
16.0 (2.2)
26.1 (4.7)
197.6 (65.9)
7.1 (1.8)
6.6 (1.4)
9.4 (2.1)
0.5 (0.3)
8.8 (2.3)
1.5 (0.5)
7.2 (1.8)
31.1 (6.5)
201.9 (31.0)
123.8 (30.0)
60.3 (14.2)
108.9 (60.4)
113.7 (13.7)
70.3 (9.6)

P value

0.189
0.001
＜ 0.001
＜ 0.001
＜ 0.001
0.926

—
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001

0.032
＜ 0.001

0.939
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001

0.050
0.045
＜ 0.001
＜ 0.001
＜ 0.001
＜ 0.001

SI conversion factors: to convert serum cholesterol to mmol/L, multiply values by 0.0259. P values were obtained using the unpaired
t-test or chi-squared testKeys score = 2.7×S−1.35×P＋1.5×√C; S, saturated fatty acid (%kcal); P, polyunsaturated fatty acid
＊
(%kcal); C, dietary cholesterol (mg/1,000 kcal). Self-reported.
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Table 3. Estimated mean difference in the serum LDL cholesterol (mg/dL) and dietary cholesterol (mg/1,000 kcal) higher by 1 SD＊
by employment status and sequential regression models in the INTERLIPID study in Japan, 1996–1999
Model

Men (n = 533)
LDL-C
(mg/dL)

Unadjusted
Model 1
Employed in a company
The others＊＊
Model 2
Employed in a company
The others＊＊
Model 3
Employed in a company
The others＊＊

95% CI

Women (n = 506)
P value

LDL-C
(mg/dL)

95% CI

P value

−3.16

−5.52

−0.79

0.009

−1.64

−4.30

＋1.02

0.226

−4.13

−6.59

−1.68

−6.12

＋0.03

0.00

0.001
0.050

−3.05

＋8.56

＋1.71

−3.55

＋6.98

0.052
0.523

−3.03

−5.51

−0.56

−4.27

＋2.28

＋0.94

＋17.31

0.017
0.029

−1.00

＋9.13

＋0.98

−3.98

＋5.94

−3.02

−5.49

−0.54

−4.34

＋2.19

＋0.90

＋17.27

0.017
0.030

−1.07

＋9.08

＋1.09

−3.86

＋6.04

＋17.11

＊

0.551
0.699
0.518
0.665

＊＊

1 SD difference for dietary cholesterol is 67.5 mg/1,000 kcal for men and 65.9 mg/1,000 kcal for women. “The others” includes self-employed,
homemakers, farmers, fishermen, and retired employees. Coefficients for dietary cholesterol were based on the use of indicator variables for the
employment status. Tests were also performed to clarify whether the coefficients differed between the employed and the others.
Model 1 = dietary cholesterol＋employment status (“employed in a company”/ “the others”)＋dietary cholesterol×employment status
Model 2 = Model 1＋age, BMI, menopausal status for women (before/in the middle or after), number of cigarettes, alcohol intake, SFA, PUFA,
MUFA, TFA, soluble fiber, and site
Model 3 = Model 2＋education years
P values for the interaction term between dietary cholesterol and employment status (dietary cholesterol×employment status) are as follows: P =
0.005 for men and P = 0.126 for women in Model 1, P = 0.005 for men and P = 0.494 for women in Model 2, and P = 0.005 for men and P = 0.451
for women in Model 3.

men (education years, ≥ 12 years; P ＜ 0.001). In
Model 2 adjusted for covariates, 3.65 mg/dL lower
serum LDL-C was estimated per 1 SD higher dietary
cholesterol in more educated men (P = 0.006). In
Model 3 that was further adjusted for employment
status, 3.66 mg/dL lower serum LDL-C was estimated
per 1 SD higher dietary cholesterol in more educated
men (P = 0.006). These significant relationships were
not observed in women.
Both men and women could be divided into two
groups on a one-to-one basis when the cutoff point
was 120 mg/dL. Among all men, there were 268 participants (50.3%) with ≥ 120 mg/dL of serum LDL-C
and 265 participants (49.7%) with ＜ 120 mg/dL.
Among all women, there were 230 participants
(45.5%) with ≥ 120 mg/dL of serum LDL-C and 276
participants (54.5%) with ＜ 120 mg/dL. In men, 3.03
mg/dL lower serum LDL-C was estimated per 1 SD
greater dietary cholesterol intake in men with higher
serum LDL-C (≥ 120 mg/dL) but was associated with
0.55 mg/dL higher serum LDL-C in men with lower
serum LDL-C ( ＜ 120 mg/dL; P = 0.010). These significant relationships were not observed in women.
Discussion
The established positive relationship in human

experimental studies was confirmed only in nonemployed (“the others”) and less educated men. A possible explanation for the inverse association with
employed and more educated men might be the
reverse causality; a direction from serum LDL-C to
the dietary cholesterol intake was stronger among the
employed and more educated men rather than nonemployed and less educated.
Employed and more educated men having
inverse associations probably modified their dietary
habits, i.e., participants with higher serum LDL-C or
those afraid of high-serum LDL-C avoided dietary
cholesterol intake, following health information disseminated through mass media since around 1970s 33).
In the present study, participants with higher serum
LDL-C had a lower intake of dietary cholesterol. The
result leads to the assumption that people, especially
those with high serum cholesterol, have a lot of health
information and take care about their food and diet
both consciously or unconsciously. Because the number of participants consciously taking care about their
diets was low ( ＜ 10%) in this study, we assumed that
relatively large numbers of participants modify their
diets unconsciously, or they just did not recognize
their diets as “on special diet” in the questionnaire.
Not only the general knowledge though mass
media but also appropriate health education and med177
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Table 4. Estimated mean difference in serum LDL cholesterol (mg/dL) and dietary cholesterol (mg/1,000 kcal) higher by 1 SD＊
by education years and sequential regression models in the INTERLIPID study in Japan, 1996–1999
Model

Men (n = 533)
LDL-C
(mg/dL)

Unadjusted
Model 1
≥ 12 years
＜ 12 years
Model 2
≥ 12 years
＜ 12 years
Model 3
≥ 12 years
＜ 12 years

95% CI

Women (n = 506)
P value

LDL-C
(mg/dL)

95% CI

P value

−3.16

−5.52

−0.79

0.009

−1.64

−4.30

＋1.02

0.226

−4.83

−7.44

−2.22

＜ 0.001

−0.52

−3.77

＋2.73

＋2.77

−2.78

＋8.31

0.328

−2.57

−6.88

＋1.75

0.754
0.243

−3.65

−6.24

−1.06

−2.55

＋4.26

−1.03

＋9.84

0.006
0.112

＋0.85

＋4.40

−2.81

−7.13

＋1.51

−3.66

−6.25

−1.07

−2.67

＋4.17

−0.97

＋9.90

0.006
0.107

＋0.75

＋4.46

−2.82

−7.14

＋1.50

0.622
0.202
0.668
0.200

＊

1 SD difference for dietary cholesterol is 67.5 mg/1,000 kcal for men and 65.9 mg/1,000 kcal for women. Coefficients for dietary cholesterol were
based on the use of indicator variables for education years. Tests were also performed to clarify whether the coefficients differed between the education years of ≥ 12 and ＜ 12 years.
Model 1 = dietary cholesterol＋education years (≥ 12 / ＜ 12 years)＋dietary cholesterol×education years
Model 2 = Model 1＋age, BMI, menopausal status in women (before/in the middle or after), number of cigarettes, alcohol intake, SFA, PUFA,
MUFA, TFA, soluble fiber, and site
Model 3 = Model 2＋employment status (“employed in a company”/ “the others”)
P values for the interaction term between dietary cholesterol and education years (dietary cholesterol×education years) are as follows: P = 0.015 for
men and P = 0.457 for women in Model 1, P = 0.007 for men and P = 0.162 for women in Model 2, and P = 0.007 for men and P = 0.174 for
women in Model 3.

ical health check-ups conducted in the companies
would enlarge the health disparities in which
employed and more educated people had more opportunities to have healthier lifestyles than nonemployed
and less educated people. Many epidemiological studies indicated that the education level has inverse relationships with blood pressure, death from coronary
heart diseases and CVDs 34-38). These data are presumably explained as the examples of reverse causality or
temporal confounding 10, 11), i.e, educated people go to
hospitals, take care about their lifestyles and reduce
their food intake in response to high blood pressure or
other risk factors.
Data from 1970s indicate that serum cholesterol
and dietary cholesterol/egg consumption were both
markedly higher among the employed in urban areas
than among inhabitants in rural areas 39). However, the
nationwide health promotion program, including
health screening and education 40), has resulted in
health disparities. The health effectiveness of individual education programs has been confirmed in many
studies 36, 41-44). Employed people in a company, particularly in large-scale companies, have more opportunities to undergo medical health check-ups and obtain
health information than the others 45). Nonemployed
men in the present study may have less access to
health care services and fewer opportunities and incen178

tives to change their lifestyles. This is a cross-sectional
study; it has not been established whether the findings
in the nonemployed are related to limited healthcare
access and employment-sponsored intervention programs. Shekelle et al. reported that the association
between dietary and serum cholesterol is positive for
men with levels of serum cholesterol ＞ 250 mg/dL
and inverse for men with levels of ≥ 250 mg/dL 11). It
is consistent with the present study that men with
higher serum LDL-C had a significantly inverse association compared with men with lower serum LDL-C.
Archer et al. suggested that higher education level is
associated with higher prevalence of dietary cholesterol restriction 46). The novelty of this study is its confirmation that the direction of the relationship
between dietary cholesterol and serum LDL-C is
largely attributed to the employment status and education years in Japanese men. In this situation, more
number of men that are employed and educated modified their diets rather than men that are nonemployed
and less educated as a whole. Since there were no associations between dietary cholesterol intake and
employment status/education years, not all employed
and educated men but employed and educated men
with higher serum LDL-C would be inclined to
restrict their dietary cholesterol intake. The results of
the present study might indicate that lifestyle modifi-
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cations have the potential to change or reverse the
apparently positive relationship between dietary cholesterol and serum cholesterol, particularly in observational studies.
Previous INTERMAP/INTERLIPID studies and
a Japanese study have reported that dietary cholesterol
intake is markedly higher in Japan than in the US 9, 39),
and the main food group supplying dietary cholesterol
in Japan is eggs (49%), whereas it is meat in the
UK 47). A previous Japanese study has reported that
lower egg consumption is significantly associated with
a higher prevalence of dietary cholesterol restriction
among people with higher serum cholesterol 10). The
findings in the present study suggest that employed
and more educated men reduce their dietary cholesterol intake by restricting their egg intake in Japan.
Among women, no significant associations were
observed after adjusting for physiological factors
including age, menopause, employment status, and
education years in this highly controlled study. This
might suggest that dietary cholesterol intake is not a
largely influential factor on serum LDL-C in women
before menopause 48). However, several factors need to
be considered. First, experimental studies that originally reported positive relationships between dietary
lipids and serum cholesterol involved men 6, 49). Second, physiological characteristics such as menopause
and age may have greater influences on serum LDL-C
than environmental factors in women 50-53). Third, the
definition of an employed woman included those with
an employed husband in this study, which means
some women were not employed themselves. This
may change the proportion of participation by these
women in health check-ups. However, most women
in this study underwent health check-ups and
obtained health information at local health centers
because the four sites were active communities to
attend healthcare services in Japan. A previous study
also reported that attendance rates for health checkups were higher among women than men 54). Therefore, these complex conditions for women may have
resulted in the obscured effect of employment status
and education in the present study.
The strength of this study was that all data
acquired were attained with high-quality control for
nutritional, physical, and laboratory examinations 9, 16, 17).
The limitations of the present study include the lack
of individual information regarding participation in
health check-ups; different characteristics (factory
workers and residents were mixed) among the four
sites; education, employment, and some covariates in
the questionnaire were self-reported; and small number of nonemployed individuals. However, the disparity in participation in health check-ups among

employment status has been reported in other study 45),
and the findings of the analysis without adjustments
for site were consistent with the main results.
Although a large number of men with the other job
were from Aito town, the direction of coefficient values among employment statuses had the same tendency as the main result (Employed had a negative
and nonemployed had a positive direction), and a
small number of subjects in one site might weaken the
statistical power for detecting P value.
Conclusion
Higher intake of dietary cholesterol correlated
with higher concentrations of serum LDL-C in male
participants that were less educated and nonemployed
(includes self-employed, homemakers, farmers, fishermen, and retired employees), whereas the inverse was
observed in those that were more educated and
employed in a company. Further studies are needed to
determine whether the effects observed in the nonemployed and less educated are related because of their
limited access to health care and employment-sponsored intervention programs designed to encourage
positive behaviors.
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