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SUMMARY
The authors examined the association of milk and milk products consumption (MMPC) with serum lipid profiles including total cholesterol (TC), 

triacylglycerols (TG), HDL cholesterol (HDLC), LDL cholesterol (LDLC), and TC/HDLC ratio in a community-based sample. The study population 
comprised 461 men and 834 women aged 40-79 years who, in 2001, participated in an annual healthy examination and a lifestyle related survey. 
Consumption frequency of 17 foods, including milk and milk products, was determined by a self-administered questionnaire. The participants were 
asked by “Do you drink cow’s milk or eat milk products such as yoghurt and cheese everyday?”, and two groups (“Yes” and “No”) of MMPC were 
classified. Multiple linear regression analyses were conducted to examine the relationships between MMPC and 5 serum lipid profile levels adjusted 
for sex, age, body mass index (BMI), alcohol consumption, smoking, physical activity, and fat intake. Univariate and multivariate analyses indicated 
inverse associations of MMPC with TC, HDLC, and LDLC, and that the “Yes” group had higher adjusted means of serum TC by 7.133 mg/100 ml 
(p<0.001), HDLC by 1.844 mg/100 ml (p<0.05), LDLC by 5.459 mg/100 ml (p<0.001). We suggested that MMPC has an association with serum 
lipid and lipoprotein levels and that MMPC may have an unfavorable effect on hypercholesterolaemia in the Japanese population.
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INTRODUCTION

With the coming of aged society, the incidence and mortality 
of cardiovascular disease (CVD) have been increasing 
rapidly in recent years in Japan, and deaths which include 
cardiac infarction and stroke have increased more than 
cancer (1). Large epidemiological studies have shown that 
hypercholesterolemia is widely recognized as a risk factor 
for CVD (2-5). In Japan, daily consumption of whole milk 
and other milk products (cheese, skimmed milk, yogurt, ice 
cream, etc) was 107 g/day in the Nutrition Survey (6). Milk 
and milk products consumption have been becoming a common 
daily dietary with westernization of lifestyle. Previous study 
has reported that a glass of milk (200 ml) consumption per 
day improved bone health in Japan (7). On the other hand, 
higher milk and milk consumption may increase fat intake, 
for example, 200 ml of whole milk has 6.8 g of fat and 22 mg 
of cholesterol. It is well known that fat intake is the major risk 
factor of hypercholesterolaemia, therefore milk and milk products 
consumption may subsequently affect lipid metabolism and risks 
for CVD. In this report, the relationships between milk and milk 
products consumption and serum lipid levels were examined in 
a community-based sample of 467 men and 851 women aged 
40-79 years.

POPULATION AND METHODS

Study Design
This study comprised 1,592 residents more than 20 years of age 
who participated in the annual physical examination for the year 
2001 in Ano town of Mie Prefecture, located in the central region 
of Japan. We selected the participants aged from 40 to 79 years 
(N=1,308) as the subjects of analysis. Mean age of the subjects 
was 63.3±9.9 years. The execution of this study was approved by 
the Ethical Board of Community Center. The health examination 
was conducted by an occupational health organization, included 
standardized measurements of height, weight, and serum lipids 
and lipoproteins. Consumption frequency of 17 foods, including 
milk and milk products, current or previous tobacco smoking, 
current alcohol consumption and physical activity in leisure time 
were included in a self-administered questionnaire handed in at 
the screening examination.

Determination of Serum Lipids
The Mie Health Management Center agreed to the joint study of 
chemical analysis, and processing of serum specimens for total 
cholesterol, HDL cholesterol, and triacylglycerols. Chemical 
analyses, editing and data processing were also performed at 
this Center.
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Approximately 56 per cent of examinees were fasting at the 
time of the examination. The serum was recovered and frozen 
within one hour of collection. The serum lipid analyses were 
performed after about two weeks of frozen storage. Serum TC and 
TG were determined by enzymatic methods using autoanalyzers. 
HDLC cholesterol was determined by a heparin and manganese 
chloride precipitation method. LDLC cholesterol was calculated 
by the formula of Friedewald and colleagues. TC/HDLC ratio 
was calculated in all subjects.

Definitions
MMPC. MMPC was classified into Yes/No groups by a self-

-administered questionnaire “Do you drink cow’s milk or eat milk 
products such as yogurt and cheese everyday?”.

Body mass index. BMI was calculated as weight in kilograms 
divided by the square of height in meters, which is then used 
to categorize weight into: “Underweight” (BMI<20), “Normal” 
(BMI 20-24.9) and “Obesity” (BMI≥25), according New Japanese 
Obesity Classification (8).

Frequency of alcohol consumption. The frequency of con-
sumption of beer, wine or sake was obtained from the lifestyle 
questionnaire during the health examination. Participants were 
asked about their usual consumption of alcoholic beverages during 
the 3 months that preceded the examination. Consumption was 
classified as: never, sometimes (one or two times one week), and 
daily (one or more times per day).

Tobacco consumption. “Never smokers” were those who had 
never smoked in their entire lives. “Ex-smokers” were those who 
reported smoking cigarettes but weren’t smoking at the time of 
the survey. “Current smokers” were those who reported smoking 
daily at the time of the survey.

Physical activity. Two questions dealt with physical activity. 
Participants were asked (1) whether they were walking for 30 mi-
nutes or more every day and (2) whether they were doing intense 
exercise one or two times every week. The higher category of 
activity in the two questions was then calculated as a composite 
of activity of any kind.

Fat intake. By using a question “Do you always eat fat of 
meat?” , two groups (“Yes” and “No”) of fat intake were clas-
sified.

Statistical Analysis
By using t-test, serum lipid levels were compared between “Yes” 
and “No” groups on MMPC by sex specific. Multiple linear re-
gression techniques assessed each of the serum lipids between 
milk and milk products consumption and independently from 
the effects of sex, age, BMI, alcohol consumption, tobacco con-
sumption, physical activity, and fat intake. Analysis of covariance 
(ANCOVA) was used to calculate mean serum lipids by milk and 
milk productions consumption adjusted for the confounding fac-
tors. All computations were performed by using the SPSS release 
11.0 statistical package (9).

RESULTS

Table 1 presents the descriptive characteristics of the subjects. 
“Yes” group on MMPC was 57% and 73% in men and women, 
respectively. 

Table 2 compares the sex-specific serum lipids according to 
the “Yes” and “No” groups on MMPC by t-test. For men, crude 
analysis showed that the “Yes” group had significant higher serum 
LDLC levels by 5.39 mg/100 ml than the “No” group (p<0.05). 
For women, the “Yes” group had significant higher levels of serum 
TC by 9.49 mg/100 ml (p<0.001), HDLC by 2.77 mg/100 ml 
(p<0.05), and LDLC by 5.71 mg/100 ml than the “No” groups, 
respectively. TG levels and TC/HDLC ratio had no significant 
difference between the two groups in both men and women.

A multiple linear regression model with MMPC and seven 
other factors was then examined (Table 3). After controlling 
for sex, age, BMI, drinking, smoking, exercise, and fat in-
take, the “Yes” group on MMPC had higher significantly 
adjusted means of TC by 7.133 mg/100 ml (p<0.001), HDLC by 

Table 1. Characteristics of 461 men and 834 women aged 40-79 years by milk 
and milk products consumption, serum lipid profiles and selected variables 

Male (n=461) Female (n=834)
Mean (SD) % Mean (SD) %

Age (years) 65.7 (8.6) ••• 61.0 (10.3) •••
BMI (kg/m2) 23.2 (2.9) ••• 22.8 (3.1) •••
Serum lipid levels 
(mg/100 ml)
  TC 203.7 (35.2) ••• 221.3 (33.5) •••
  TG 153.9 (84.7) ••• 138.9 (77.1) •••
  HDL 53.0 (13.9) ••• 61.3 (14.1) •••
  LDL 115.0 (28.9) ••• 123.6 (27.3) •••
  TC/HDLC 4.1 (1.1) ••• 3.8 (1.1) •••
MMPC (yes) ••• 57 ••• 73
Daily alcohol con-
sumption

••• 35 ••• 4

Current cigrette 
smoker

••• 24 ••• 2

No leisure-time 
physical activity

••• 32 ••• 41

Fat intake ••• 41 ••• 27

Table 2. Means (SE) of  serum lipids for adults aged 40-79 years, by sex§

Male (n=461) Female (n=834)
Serum 
lipids

MMPC Mean Diffe-
rence

Mean Diffe-
rence

TC Yes 205.71 223.88
No 200.93 4.78 214.39 9.49***

TG Yes 152.16 136.89
No 156.19 -4.02 142.88 -5.99

HDLC Yes 53.06 62.05
No 52.93 0.14 59.29 2.77*

LDLC Yes 117.33 125.21
No 111.94 5.39* 119.49 5.71**

TC/HDLC Yes 4.086 3.804
No 4.036 0.50 3.792 0.01

§ t-test tests for unadjusted differences between "Yes" and "No" groups
* p<0.05, **p<0.01, *** p<0.001
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1.844 mg/100 ml (p<0.05), LDLC by 5.459 mg/100 ml (p<0.01) 
than the “No” group. No significant relationship between MMPC 
and serum TG and TC/HDLC was shown in this model. Table 3 
also shows the effects of seven other factors on serum lipids.

Table 4 shows the mean difference of the serum lipids between 
the “Yes” group and “No” groups on MMPC after adjusting 
for seven other variables by ANCOVA. The “Yes” group was 
7.133 mg/100 ml (3.4%) higher means of TC (217.493 vs. 210.360 
mg/100 ml, p<0.001), 1.844 mg/100 ml (3.2%) higher means of 
HDLC (58.998 vs. 57.153 mg/100 ml, p<0.05), and 5.459 mg/ 
100 ml (4.7%) higher means of LDLC (122.412 vs. 116.953 mg/
100 ml, p<0.01) than the “No” group. MMPC had some more 
effects on serum TC and LDLC than serum HDLC.

DISCUSSION

In the present community-based study of middle-aged and 
older Japanese population, we demonstrated that MMPC was 

positively associated with serum TC, HDLC, and LDLC sig-
nificantly negatively associated with serum TG, although the 
relation was not statistically significant, and had no relation 
to TC/HDLC ratio. 

Many epidemiological studies (2-5) have demonstrated that 
hypercholesterolaemia, raised serum LDLC level, is a major risk 
factor for CVD. Oppositely, high serum HDLC level and low 
TC/HDLC ratio are protective against CVD. In the present study, 
both the risk factors (serum TC and LDLC) and the protective 
factors (serum HDLC) for CVD were increasing with MMPC. 
Nevertheless, MMPC may have more effect on serum TC and 
LDLC than HDLC, due to the “Yes” group had higher adjusted 
serum TC (7.13, +3.4%) and LDLC (5.46, +4.7%), contrasting 
with serum HDLC (1.84, +3.2%) than “No” group, and there 
was no relation between MMPC and TC/HDLC ratio. These 
results suggests that MMPC has had some more unfavorable 
effects on serum lipid profile and slightly increased risks for 
CVD rather than it has improved the profile and is protective 
against CVD.

A glass of whole milk (200 ml) contains 6.8 g fat, about 
two thirds of which are saturated, and 22 mg cholesterol (10). 
Ney (11) has reported that hypercholesterolaemia effect of milk 
consumption may be due to saturated fat in milk, but not to its 
cholesterol content. Although the current ratio of fat intake in 
Japan is much less than that in the Western countries (6), the 
amount of saturated fat in even one glass of milk may be enough 
to affect serum lipid and lipoprotein profiles. In this study, there 
is a negative relationship between MMPC and fat intake (p=-0.06, 
data were not shown), and as a confounding factor fat intake 
was analyzed in the multivariate analyses. The basic relationship 
that was apparent in the univarite analyses persisted even after 
controlling for fat intake.

Many studies have shown that there were negative relationships 
between use of skimmed/low-fat milk and fermented milk and 
serum TC (12-16). In this study, MMPC was assessed as the 
“Yes” and “No” groups, and detail nutritional status was not 
assessed. However, 73 per cent Japanese are consuming whole 
milk according the investigation of Japanese milk and dairy 
products consumption trend (17). The consumption of skimmed/
low-fat milk and fermented milks is still limited. Furthermore, 
skimmed milk supplementation had hypocholesterolaemic effects 
on serum lipid on subjects with high serum TC concentration, 
but not on ones with low TC concentration (18, 19). Therefore, 
more consumption of skim/low-fat milk and fermented milks may 
improve serum lipids and lipoprotein in the Japanese, especially in 
individuals with hypercholesterolaemia. Jacobsen et al. (13) have 
documented that serum TG level decreased with consumption of 
milk production. In this study we also found a trend of lower serum 
TG levels decreased by MMPC, i.e., serum TG levels were lower 
in “Yes” group than in the “No” group, although a significant 
difference was not found.

Previous studies (4, 20-23) have discussed the effect of seven 
other confounding factors considered in the multiple regression 
analysis (Table 3) on serum lipids. Our study is in agreement 
with previous observations, of which aging, obesity and tobacco 
smoking had unfavorable effects on serum lipids and lipoproteins 
profile and increased risks for CVD. Contrary, women, alcohol 
consumption and habitual exercise improved the profile and 
decreased the CVD risk.

Table 3. Multiple linear regression analysis of milk and milk products consumption 
and other selected factors on serum lipids

Serum lipids (mg/100 ml)
TC TG HDLC LDLC TC/HDLC

Sex (female/male) 18.630*** -3.627 8.397*** 7.846*** -0.234**
Age (years) 0.044 0.264 -0.105** -0.038 0.001*
BMI (kg/m2) 1.521*** 7.221*** -1.402*** 1.504*** 0.118***
MMPC (Yes/No) 7.133*** -6.171 1.844* 5.459*** 0.001
Daily alcohol 
consumption

2.070 5.733 2.547*** -0.986 -0.114

Current smoker 0.496 2.787* -0.778** 1.350 0.006*
No leisure-time 
physical activity

-0.062 -4.547 0.126 1.316 -0.002

Fat intake (Yes/No) 3.730* 3.729 -0.667 2.881* 0.110

* p<0.05, **p<0.01, ***p<0.001

Table 4. Mean serum lipids (SE) by milk and milk pruducts consumption adjusted 
for sex, age, BMI, drinking, smoking, physical activity, and fat intake in 461 men 
and 834 women aged 40-79 §

Serum lipids MMPC Mean (SE) Difference 
(Yes-No, %)

 TC Yes 217.49 (1.15)
No 210.36 (1.67) 3.4***

TG Yes 142.18 (2.61)
No 148.35 (3.77) -4.2

HDLC Yes 59.00 (0.45)
No 57.15 (0.66) 3.2*

LDLC Yes 122.41 (0.93)
No 116.95 (1.35) 4.7**

TC/HDLC Yes 3.90 (0.03)
No 3.89 (0.05) 0.3

§ Based on analysis of covariance
*p<0.05, **p<0.01, ***p<0.001
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CONCLUSION

In conclusion, this study added to the body of evidence suggesting 
that MMPC had an association with serum lipid and lipoprotein 
levels and that MMPC might have an unfavorable effect on 
hypercholesterolaemia in the middle-aged and older Japanese, 
but low-fat dairy products could be used to provide adequate 
calcium for optimal bone health. Underlying mechanisms of 
hypercholesterolaemia with MMPC remain to be elucidated in 
the further studies.
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