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Background: Epidemiological studies to-date provided inconsistent findings on the effects of dairy consumption 
on the risk of cardiovascular disease (CVD). We aimed to examine the association of dairy consumption and its 
specific subtypes with CVD risk, including the risk of stroke and coronary heart disease (CHD) by a meta-
analysis. Methods: PubMed, EMBASE, and Cochrane Library databases were searched for articles published up 
to February 2014 to identify prospective cohort studies. Random-effects model or fix-effects model was used to 
compute the summary risk estimates. Results: A total of 22 studies were eligible for analysis. An inverse associa-
tion was found between dairy consumption and overall risk of CVD [9 studies; relative risk (RR)=0.88, 95% con-
fidence interval (CI): 0.81, 0.96] and stroke (12 studies; RR=0.87, 95% CI: 0.77, 0.99). However, no association 
was established between dairy consumption and CHD risk (12 studies; RR=0.94, 95% CI: 0.82, 1.07). Stroke risk 
was significantly reduced by consumption of low-fat dairy (6 studies; RR=0.93, 95% CI: 0.88, 0.99) and cheese 
(4 studies; RR=0.91, 95% CI: 0.84, 0.98), and CHD risk was significantly lowered by cheese consumption (7 
studies; RR=0.84, 95% CI: 0.71, 1.00). Restricting studies according to various inclusion criteria yielded similar 
results for CVD and CHD analyses, but showed attenuated results for stroke analysis. Heterogeneity across stud-
ies was found for stroke and CHD analyses, and publication bias was found for stroke analysis. Conclusion: This 
meta-analysis provided further evidence supporting the beneficial effect of dairy consumption on CVD. Low-fat 
dairy products and cheese may protect against stroke or CHD incidence. 
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INTRODUCTION 
Cardiovascular disease (CVD) remains the major cause of 
morbidity and mortality worldwide, thereby imposing a 
large burden on public health. The World Health Organi-
zation (WHO) reported that 17.3 million individuals (ap-
proximately 30% of global death) died from CVD in 2008, 
in which 7.3 million and 6.2 million deaths were due to 
coronary heart disease (CHD) and stroke, the two major 
subclasses of CVD, respectively.1 Established behaviour-
al risk factors for CVD include unhealthy diet, physical 
inactivity, harmful alcohol consumption, and tobacco 
use.2 Dairy foods are a part of dietary guidelines in many 
developed and developing countries. The Chinese bal-
anced dietary pagoda recommends the consumption of 
300 g of milk and dairy products per day for adults.3 
However, epidemiological studies investigating the link 
between dairy products and CVD risk have reported in-
conclusive results. A previous meta-analysis reported a 
weak and marginally significant inverse association be-
tween milk consumption and total CVD, but not with 
either stroke or CHD. Limited evidence (4, 6, and 6 stud- 

 
 
ies for CVD, stroke, and CHD, respectively) was availa-
ble at that time, and specific dairy foods were difficult to 
examine.4 The different types of dairy products should be 
considered because varying nutrient compositions in such 
products may have different effects on CVD risk. Since 
then, emerging prospective cohort studies have provided 
an excellent opportunity to update and extend previous 
analyses.5-17 The aim of this study was to perform a meta-
analysis of prospective cohort studies to assess the extent 
of the association between the consumption of dairy 
products, including specific dairy subtypes, and the risk 
of CVD and its major subclasses, such as stroke and CHD. 
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METHODS 
Literature search  
This meta-analysis was reported in accordance with the 
Meta-Analysis of Observational Studies in Epidemiology 
guidelines.18 A systematic literature search was conducted 
in PubMed, Web of Science, and Cochrane Library data-
bases up to February 2014. Search terms included dairy, 
milk, yoghurt, cheese and butter in combination with car-
diovascular, stroke and CHD, with no restrictions. The 
reference lists of retrieved articles were also reviewed. 
Authors of the original studies were not contacted for 
additional information. 
 
Study selection 
Studies were included in this meta-analysis if the follow-
ing criteria were satisfied: 1) the design was of a prospec-
tive cohort study; 2) the participants were adults (≥18 
years old); 3) the participants were exposed to dairy 
products and other dairy item, e.g., low- and high-fat 
dairy products, yogurt, cheese, and butter; 4) the endpoint 
of interest was CVD (fatal and/or non-fatal), or individual 
stroke and CHD; and 5) relative risk (RR), and hazard 
ratio (HR), and their corresponding 95% confidence in-
terval (CI) for the highest category vs the lowest catego-
ries were reported. A study that reported RR/HR as a con-
tinuous variable (for example, per SD increase) was ex-
cluded. We selected the report with the largest population 
size for multiple studies that used the same population. 
Communication letters, abstracts, and posters of confer-
ences, which were generally published without peer-
review, were excluded. 
 
Data extraction and quality assessment 
The following data were extracted from the selected pa-
pers by using a standardized data-collection form: the 
name of the first author; publication year; location of the 
study; gender; follow-up duration; population characteris-
tics and size; case number; adjustments; and risk esti-
mates with 95% CI. Each study had a different definition 
for milk and dairy products. Thus, we used dairy products 
as the main exposure to represent both milk and dairy 
products in the meta-analysis. Whole milk, yogurt, cheese, 
butter, low-fat or high-fat dairy products, and other single 
subtypes were not considered as dairy products termed in 
this analysis. However, the combined RR was calculated 
for subtypes that were independently observed in more 
than three studies. Because fat content in dairy products 
was a factor of interest, low/non-fat milk and whole milk 
were considered as low- and high-fat dairy products, re-
spectively. Ischemic heart disease and myocardial infarc-
tion were classified as CHD, and cerebrovascular disease 
was considered as stroke. If disease subclasses (e.g., cer-
ebral infarction, intracerebral hemorrhage, and subarach-
noid hemorrhage for stroke) were reported, such sub-
classes would then be combined in advance. 

We assessed the quality of individual studies by report-
ing the key components of the study designs instead of 
providing aggregate scores.18 The characteristics of the 
study populations, assessments of exposure, and control 
for potential confounding factors were used as quality 
parameters. Two authors independently conducted litera-
ture search, study selection, and data extraction. Any 

disagreements were resolved by discussion. 
 
Statistical analyses 
RR was used as the common measure of association 
across studies, and HR was directly considered as RR. 
Homogeneity of effect size across studies was tested by Q 
statistic at p<0.10 level of significance. We also calculat-
ed the I2 statistic, a quantitative measure of inconsistency 
across studies.19 In case of significant heterogeneity, the 
random-effects model was used to calculate the pooled 
effect size; otherwise, fixed-effects model was applied.20 

Pre-specified subgroup analyses were planned, but not 
performed because of the following reasons: 1) a limited 
number of studies reported the association of gender with 
the results of exposure and outcome; 2) most studies were 
conducted in Western countries (particularly in Europe); 
and 3) the length of follow-up was variably expressed 
across the studies as the mean or the entire length. How-
ever, we conducted a sensitivity analysis according to 
various inclusion criteria to examine the robustness of the 
combined risk estimates. We also investigated the impact 
of a single study on the overall risk estimate by omitting 
one study in turn. 

Potential publication bias was assessed by Begg's fun-
nel plots and Egger’s regression test.21 All of the analyses 
were performed using STATA version 11.0 (StataCorp, 
College Station, TX, USA). p<0.05 was considered statis-
tically significant, except when otherwise specified. 
 
RESULTS 
Literature search 
We initially identified 861 potential studies; the majority 
were excluded because they were not prospective studies 
or because the exposure or endpoint was not relevant to 
our analysis. After assessing the full text of the 33 re-
maining articles, we yielded 22 eligible studies.5-17,22-30 
The main reasons for exclusion were as follows: partici-
pants were less than 18 years old; the exposure of interest 
was calcium, fat, or protein from dairy; and dairy con-
sumption was expressed as a continuous variable, but not 
as a category of intake. The study of Dalmeijer et al was 
excluded because of the reporting of continuous variables, 
except for the association between dairy and CHD.6 He et 
al31 and Hu et al32 reported the incidence of stroke in the 
Nurses’ Health Study (NHS). However, their studies were 
excluded because they duplicated the results of Bernstein 
et al (2012).12 The study by Bernstein et al (2010) was 
retained because the incidence of CHD was used as the 
outcome.17 The flow of the literature search is presented 
in Figure 1. 
 
Study characteristics 
The characteristics of the selected prospective cohort 
studies are presented in Table 1. The studies were pub-
lished between 1997 and 2013. Among the included stud-
ies, 10 were conducted in Europe, 5 in the USA, 4 in Ja-
pan, 2 in Australia, and 1 in Taiwan. The length of fol-
low-up ranged from 8 years to 26 years, and cohort size 
ranged from 1,529 to 127,160 subjects. Fifteen studies 
enrolled men and women. Four studies separated the re-
sults by gender,5,7,13,15 whereas 3 studies included men 
only,23,25,27 and 4 studies included women only.10,17,24,28 
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The studies that reported the results by gender were dis-
persed across different exposures. All studies claimed a 
population- or community-based design, but some of 
these studies limited the population to a certain character-
istic or occupation. Among 22 studies, 20 measured the 
dietary intake by using a validated food-frequency ques-
tionnaire (FFQ). The intake amount was differently clas-
sified among studies. Tertile classification was used in 
nine studies and quintle classification was used in seven 
studies. The intake amount was expressed in gram, dura-
tion, portion, or serving. In Larson’s study (2009), which 
was conducted in Sweden, the highest quintle for dairy 
intake was as high as 1,296 g/d, whereas in Kondo study 
conducted in Japan, the highest tertile was only 132.6 g/d 
for men and 168.3 g/d for women. A small number of 
studies observed a dose-response relationship. For exam-
ple, a significantly inverse association was found between 
dairy intake and CVD in Kondo study for women and in 
Ness study (Supplementary Table 1). All of the included 
studies presented cases that were diagnosed according to 
the WHO International Classification of Diseases (ICD) 
at that time, except the studies conducted in the 
USA.12,17,24,28 Nearly all studies were adjusted for con-
founding factors, such as age, gender (if necessary), body 
mass index, smoking, alcohol consumption, physical ac-
tivity, energy and certain food intakes, and diseases relat-
ed to CVD. Sixteen out of 22 studies were adjusted for all 
of the aforementioned confounders.6-12,14-17,22-25,28 Finally, 
the association of dairy products with total CVD, stroke, 
and CHD was observed in 9, 12, and 12 studies, respec-
tively. High- and low-fat dairy, yogurt, cheese, and butter 
were used to analyze the association between consump-
tion of such products and the risks of stroke (n=4,6,3,4,3, 
respectively) and CHD (n=7,8,5,7,5, respectively), but the 
association of the intake of such foods with CVD was not 
analyzed because of the insufficient numbers of studies 
(n=3,3,2,1,1, respectively).  
 
 

Effects of dairy consumption on the risk of total CVD, 
stroke and CHD 
A total of 91,057 participants with 7,641 cases were in-
cluded in the CVD meta-analysis. The multivariable-
adjusted RRs of the highest categories versus the lowest 
categories in each study, and the combined RR from the 
fixed-effects meta-analysis, are presented in Figure 2. All 
studies except one showed an inverse association, with 
two studies reaching statistical significance. No evidence 
of heterogeneity was found across the studies (p=0.18, 
I2=29.6%). Overall, dairy consumption was associated 
with a significantly decreased CVD risk (RR=0.88, 95% 
CI: 0.81, 0.96). 

A total of 504,803 participants with 21,801 cases were 
included in the stroke meta-analysis. Similar to the results 
from the CVD analysis, an inverse association was ob-
served in all studies except one; three studies reached 
statistical significance. An evidence of heterogeneity was 
found across the studies (p<0.001, I2=69.8%). Dairy con-
sumption was also associated with a significantly de-
creased risk of stroke (RR=0.87, 95% CI: 0.77, 0.99) 
(Figure 3). 

A total of 253,260 participants with 8,792 cases were 
included in the CHD meta-analysis. Results from individ-
ual studies differed, and both positive and negative asso-
ciations were reported. An evidence of heterogeneity was 
observed across the studies (p=0.005, I2=58.5%). All 
combined, dairy consumption failed to show association 
with CHD risk (RR=0.94, 95% CI: 0.82, 1.07) (Figure 4). 
 
Sensitivity analyses 
Table 2 shows the results of sensitivity analysis according 
to various inclusion criteria. The combined RR failed to 
show any change in the sensitivity analysis of the associa-
tion of CVD and CHD with dairy products. However, 
some RRs were attenuated, as observed in the association 
between dairy products and stroke. Further analysis ex-
amining the effect of a single study on the combined RR 
suggested similar results (data not shown). However, 
when we excluded the study of Larsson et al (the only 
study showing a positive association), the inverse associa-
tion of dairy consumption with stroke risk was stronger 
(RR=0.81, 95% CI: 0.77, 0.84) with no evidence of het-
erogeneity across the studies (p=0.69, I2=0%), suggesting 
that this study was the main source of heterogeneity.23 
 
Other subtypes of dairy products and stroke/CHD 
We separately analyzed the associations between the con-
sumption of high-fat dairy, low-fat dairy, yogurt, cheese, 
and butter and the risks of stroke and CHD (Table 3). The 
number of studies related to these subtypes was greater in 
the CHD analysis than in the stroke analysis. For stroke 
risk, all subtypes showed an inverse association with sig-
nificant difference in the consumption of low-fat dairy 
(RR=0.93, 95% CI: 0.88, 0.99) and cheese (RR=0.91, 
95% CI: 0.84, 0.98). For CHD risk, a significantly de-
creased risk was observed in cheese consumption 
(RR=0.84, 95% CI: 0.71, 1.00), but not in low-fat dairy 
consumption (RR=1.02, 95% CI: 0.92, 1.14). Notably, 
high-fat dairy consumption resulted in a borderline in-
crease in the CHD risk (RR=1.08, 95% CI: 0.99, 1.17). 

 
 

Figure 1. Flow chart of study selection 
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Table 1. The characteristics of the prospective cohort studies 
 

Study Location  
(Project and recruited period) 

Length of 
follow-up 

Size of 
cohort 

Men 
(%) 

Age at  
recruitment 

Exposure  
assessment Exposure Outcomes (Case number) 

Avalos 2013 USA (Rancho Bernardo 1984-
1987) 

16.2     1759 42.7 ≥49 (70.4) Validated FFQ Low-fat milk, whole milk, yoghurt, 
cheese, butter 

CHD (454) 

Dalmeijer 2013 Netherlands (EPIC-NL 1993-
1997) 

13.1   33625 25.5 21-64 
(49.0±11.9) 

Validated FFQ Total dairy Non-fatal and fatal CHD (1648) 

Kondo 2013 Japan (NIPPON DATA80 
1980) 

24.0     9243 43.8 ≥30 (50.5±13.1) 3 day diet 
records 

Milk and dairy products Fatal CVD (893), stroke (417), 
CHD (174) 

Lin 2013 Taiwan (CVDFACTS 1989-
2002) 

12.0     2061 42.9 45.5±14.2 Validated FFQ Dairy products Non-fatal and fatal stroke (123) 

Louie 2013 Australia (BMES 1992-1994) 15.0     2662 44.2 ≥49 (65.4±9.3) Validated FFQ Total dairy, low/reduced fat dairy, 
whole fat dairy 

Fatal CVD (548), stroke (176), 
CHD (432) 

Patterson 2013 Sweden (Swedish Mammogra-
phy Cohort 1997) 

11.6   33636 0 48-83 (61.2) Validated FFQ Total dairy, milk, low-fat milk, full-
fat milk, cultured milk, cheese, butter 

Non-fatal and fatal MI (1392) 

Soedamah-Muthu 2013 UK (Whitehall II study 1997-
1999) 

10.8     4255 72.0 35-55 Validated FFQ Total dairy, total milk, High-fat dairy, 
low-fat dairy, fermented dairy, yo-
gurt, cheese 

Non-fatal and fatal CHD (323) 

Bernstein 2012 USA (NHS1980, HEPS 1986) 26, 22 127160 33.9 30-55 
40-75 

Validated FFQ Whole-fat dairy, low-fat dairy Non-fatal and fatal stroke (4030) 

Eguchi 2012 Japan (JACC 1988-1990) 16.5 43010 43.6 40-79 (55.9) Validated FFQ Milk products Fatal CVD (1907) 

Larsson 2012 Sweden (Swedish Mammogra-
phy Cohort, Cohort of Swedish 
Men 1997) 

10.2   74961 53.8 45-83 (60.3) Validated FFQ Total dairy, milk, low-fat dairy, full-
fat dairy, sour milk and yogurt, 
cheese 

Non-fatal and fatal stroke (4089) 

Goldbohm 2011 Netherlands (NLCS 1986) 10 120852 45.9 55-69 (61.6) Validated FFQ Milk products, low-fat dairy, cheese, 
butter 

Fatal stroke (842), IHD (2689) 

Sonestedt 2011 Sweden (MDC 1991-1996) 12   26445 38.1 44-74 (57.3) Validated FFQ Total dairy, milk, low-fat milk, high-
fat milk, fermented milk, cheese, 
butter 

Non-fatal and fatal CVD (2520) 

Bernstein 2010 USA (NHS 1980) 26   84136 0 30-55 Validated FFQ Low-fat dairy, full-fat dairy Non-fatal and fatal CHD (3162) 
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Table 1. The characteristics of the prospective cohort studies (Count.) 
 

Study Location (Project and recruited 
period 

Length of 
follow-up 

Size of 
cohort 

Men 
(%) 

Age at recruitment Exposure  
assessment 

Exposure Outcomes (Case number) 

Bonthuis 2010 Australia (Skin cancer prevention 
trial 1992) 

14.4    1529 43.2 25-78 (49.8±13.1) Validated FFQ Total dairy Fatal CVD (61) 

Larsson 2009 Finland (ATBC 1985-1988) 13.6 26556 100 50-69 (57.7) Validated FFQ Total dairy, low-fat milk, whole milk, 
sour milk, yogurt, cheese, butter 

Non-fatal and fatal stroke 
(3281) 

Kelemen 2005 USA (Iowa Women’s Health 
Study 1986) 

15  29017 0 55-69 (60.8) Validated FFQ Dairy Fatal CHD (739) 

Elwood 2004 UK (Caerphilly cohort 1979-
1983) 

20-24    2403 100 45-59 (52.0) Validated FFQ Milk Non-fatal and fatal stroke 
(185), CVD, IHD (439) 

Sauvaget 2003 Japan (LSS cohort 1979) 16  37130 38.3 34-103 (56) Validated FFQ Dairy products, milk Fatal stroke (1462) 

Ness 2001 UK (Collaborative Study 1970-
1973) 

25    5765 100 35-64 (48.3) Validated FF Milk Fatal CVD (1088), stroke 
(196), CHD (892) 

Bostick 1999 USA (Iowa Women’s Health 
Study 1986) 

8  34486 0 55-69 Validated FFQ Fat-containing dairy Fatal IHD (387) 

Kinjo 1999 Japan (1966) 15 223170 A/N 40-69 FFQ Dairy milk Fatal cerebrovascular dis-
ease (11030) 

Mann 1997 UK (1984) 13.3  10802 38.0 18-79 (33.5) Validated FFQ Milk, cheese IHD (64) 
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Figure 2. The effect of dairy consumption on total CVD. The size of the gray box is positively proportional to the weight assigned to each 
study, and horizontal lines represent the 95% CIs. 
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Figure 3. The effects of dairy consumption on stroke. The size of gray box is positively proportional to the weight assigned to each study, 
and horizontal lines represent the 95% CIs. 
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Except the association between stroke and high-fat dairy, 
others have no heterogeneity across studies. 
 
Publication bias 
Begg’s funnel plot failed to show any substantial asym-
metry. Egger’s regression test also indicated little evi-
dence of publication bias in the association between dairy 
consumption and CVD (p=0.99) and CHD (p=0.17) risks. 
However, Begg’s funnel plot and Egger’s test (p=0.01) 
suggested a publication bias in the association of dairy 
products with stroke risk. No publication bias was found 

in the combination of other subtypes of dairy products 
and the risk of stroke or CHD. 
 
DISCUSSION 
Our meta-analysis showed that dairy consumption can 
significantly reduce the risk of total CVD and stroke by 
12% and 13%, respectively, but dairy consumption can-
not reduce the risk of CHD. Low-fat dairy also elicited 
beneficial effects on stroke, while cheese exhibited bene-
ficial effects on stroke and CHD. In contrast, high-fat 
dairy consumption had a non-significant tendency to be 
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Figure 4. The effects of dairy consumption on CHD. The size of the gray box is positively proportional to the weight assigned to each 
study, and horizontal lines represent the 95% CIs. 
 
 
Table 2. Results of sensitivity analysis according to various inclusion criteria 
 

Inclusion criteria Total CVD  Stroke  CHD 
n RR (95% CI)  n RR (95% CI)  n RR (95% CI) 

Total 9 0.88 (0.81-0.96)  12 0.87 (0.77-0.99)  12 0.94 (0.82-1.07) 
Free of CVD at baseline 6 0.91 (0.85-0.99)    8 0.88 (0.75-1.00)  10 0.99 (0.86-1.10) 
Conducting in Western countries 5 0.83 (0.73-0.93)    7 0.92 (0.78-1.07)  10 0.96 (0.85-1.09) 
Validated FFQ as exposure assessment 7 0.88 (0.82-0.95)    9 0.88 (0.75-1.05)  10 0.96 (0.85-1.09) 
Adjusting for important confounders 6 0.87 (0.75-1.00)    9 0.90 (0.79-1.00)  10 0.96 (0.84-1.10) 
 
 

Table 3. The associations between the consumption of specific dairy subtypes and stroke or CHD 
 

Item Stroke  CHD 
No RR (95% CI) p* I2 (%)  No RR (95% CI) p* I2 (%) 

High-fat dairy 4 0.95 (0.83-1.08) 0.013 72.1  7 1.08 (0.99-1.17) 0.993 0 
Low-fat dairy 6 0.93 (0.88-0.99) 0.282 20.0  8 1.02 (0.92-1.14) 0.160 33.5 
Yogurt 3 0.98 (0.92-1.06) 0.589 0  5 1.06 (0.90-1.34) 0.135 42.9 
Cheese 4 0.91 (0.84-0.98) 0.466 0  7 0.84 (0.71-1.00) 0.185 31.8 
Butter 3 0.94 (0.84-1.06) 0.317 12.9  5 1.02 (0.88-1.20) 0.217 30.7 
 
*p for heterogeneity. 
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associated with an increased risk of CHD, based on ana-
lyzing data from seven studies. 

Our current work is comparable with a previous meta-
analysis, which reported a strong inverse association be-
tween dairy consumption and stroke.33 However, in that 
study, the exposure was not strictly limited to dairy prod-
ucts, and a solid conclusion was lacking because sensi-
tivity analyses and publication bias were not formally 
evaluated. A recent meta-analysis further showed the pro-
tective effect of dairy foods on the risk of stroke with a 
slightly different study selection from our analysis. They 
also found that low-fat dairy and cheese were significant-
ly associated with reduced risk of stroke.34 In another 
recent meta-analysis, RR between milk and overall risk of 
CVD was 0.94 (95% CI 0.89, 0.99) per 200 mL con-
sumed daily, but milk intake was not associated with 
stroke or CHD risk.4 Although a dose-response analysis 
was conducted, dairy consumption was expressed in vari-
ous units across the studies, and unit conversion (e.g., 
from serving to g/d) was inconsistent. Besides RR (95% 
CI), successful dose-response analysis requires median 
dose, and number of cases and participants in every expo-
sure level. However, such information was not fully pro-
vided in recently published cohort studies. Thus, data 
accumulation is required to update dose-response analysis 
in further research. 

Complex mechanisms, which are beyond our scope, 
may be involved in the potentially protective effects of 
dairy products against CVD. Dairy products are rich in 
minerals (calcium, potassium, and magnesium), protein 
(casein and whey), and vitamins (riboflavin and vitamin 
B12). Such components showed beneficial effects on CVD 
incidence. For example, intake of calcium, potassium, or 
magnesium was inversely associated with the risk of is-
chemic stroke as described in an NHS study.35 The pro-
tective effect of dairy calcium intake on stroke mortality 
was also demonstrated in a Japanese population.36 The 
present meta-analysis showed that the reduced CVD risk 
was mainly due to the effects of dairy consumption on 
stroke risk, and the association of dairy consumption with 
stroke was stronger than that with CHD.7,9,15,25 However, 
the underlying mechanisms of the different effects of 
dairy products on stroke and CHD remain unknown. 

With the accumulated evidence, we were able to ana-
lyze the association between the other subtypes of dairy 
products and the risks of stroke and CHD. We found a 
beneficial effect of low-fat dairy on stroke and a possible 
adverse effect of high-fat dairy on CHD (although this 
was not significant). The reduced risk of stroke by low-fat 
dairy may be mediated by a decrease in blood pressure, 
which is a major risk for most CVD. A previous meta-
analysis reported a significant inverse association be-
tween increased blood pressure and low-fat dairy foods, 
but not between increased blood pressure and high-fat 
dairy foods.37 On the other hand, fat intake commonly 
regulates the lipid profile, thereby indicating the effect of 
fat on CVD risk. Findings from a randomized controlled 
trial (RCT) indicated that low-density/high-density lipo-
protein cholesterol and total/high-density lipoprotein cho-
lesterol ratios decreased when saturated fats derived from 
full-fat dairy foods are replaced with low-fat dairy.38 The 
NHS study also found that the ratio of high- to low-fat 

dairy food consumption was positively associated with an 
increased CHD risk.32 A most recent meta-analysis fur-
ther confirmed the beneficial effects of the Dietary Ap-
proaches to Stop Hypertension (DASH) diet, which is 
rich in low-fat dairy products, on CVD, stroke, and 
CHD.39 

Cheese, a relatively high fat content food, was found to 
decrease the risk of stroke and CHD in our meta-analysis. 
Several studies have reported that cheese exhibits a more 
favourable effect on blood lipid and cholesterol than but-
ter, although they contain the same amount of fat.40,41 A 
possible explanations is that the high calcium content of 
cheese may increase fecal fat excretion. In one cohort 
study, the observed inverse association between cheese 
consumption and CHD risk was attenuated after adjust-
ment for calcium intake, suggesting that calcium content 
was a factor in this association.9 Other possible explana-
tions may include the high protein content of cheese or 
the presence of fermentation by-products, including mi-
crobial cultures, prebiotic substrates, a bioactive form of 
vitamin K, and bioactive peptides.40,42 

This meta-analysis was primarily limited by considera-
ble heterogeneity across studies, which complicated the 
interpretation of our findings. This was not surprising 
given the variation in study designs and characteristics of 
participants. Our sensitivity analyses suggested that the 
Larsson study23 was the main source of heterogeneity. 
Certain characteristics have distinguished this study from 
others. For instance, older male smokers (a population at 
high risk of stroke) were selected as the participants. 
Moreover, approximately 22% of the participants stopped 
smoking during the follow up. Smoking is an established 
risk factor,2 but the above mentioned study provided no 
smoking data during the entire follow-up period. On the 
other hand, a very narrow range of dairy foods and a high 
mean daily intake of dairy food (789 g) were used in that 
study. The association between dairy foods and stroke 
may differ in populations with relatively low dairy intake. 

In addition, other limitations of the present meta-
analysis should be mentioned and explained. First, obser-
vational studies failed to establish a causal relationship 
and the residual confounding factors remain a major con-
cern. However, RCT design for dairy consumption with 
adequate power is not feasible.7 In our meta-analysis, 
only prospective design studies were selected. Further-
more, the sensitivity analysis omitting the studies includ-
ing patients with a history of CVD provided similar re-
sults. Although each study used a different set of possible 
confounders for adjustments, most studies adjusted for 
almost all the important confounders. An additional sensi-
tivity analysis combining these studies showed that there 
was little change of results. Second, dairy products were 
used as the main exposure in our meta-analysis, which 
may have weakened the association with the study out-
comes because dairy is a heterogeneous group. In fact, 
this issue was raised in the meta-analysis of Soedamah-
Muthu.4 Most studies, which observed dairy consumption, 
were conducted during the 1980’s when whole-fat dairy 
products were mainly consumed. Our meta-analysis in-
cluded some studies that collected dietary information 
after the 1980’s. However, the content of dairy products 
used in our meta-analysis was still different across studies. 
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On the other hand, the intake amount largely differed 
between studies conducted in the Western countries and 
studies conducted in Eastern countries. Third, we failed to 
consider the effect of dietary changes during the follow-
up period because diet was measured in the beginning of 
most studies. The participants may have changed their 
dairy intake during the follow-up period because many 
new dairy products (especially low-fat and fermented 
dairy products) have become available for the past dec-
ades. To resolve these two issues, our analysis narrowing 
to specific dairy subtypes became necessary for the sup-
port of the overall conclusion. 

In conclusion, the findings of the present meta-analysis 
have suggested that dairy consumption is significantly 
and inversely associated with the risks of CVD and stroke. 
Low-fat dairy consumption shows a significant beneficial 
association reduce the incidence of stroke, and cheese 
shows a significant beneficial association to reduce the 
incidence of stroke and CHD. However, the association 
of dairy consumption with stroke should be interpreted 
with caution because of the evidence of heterogeneity 
across studies along with possible publication bias. 
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奶制品消费和冠心病发病风险：前瞻性队列研究的
meta 分析 
 
背景：目前有关奶制品消费和心血管疾病(CVD)发病风险的流行病学研究结论

并不一致，本研究采用 meta 分析的方法探讨了奶制品与总的 CVD、中风以及

冠心病发病风险的关系。方法：我们搜索了 PubMed、EMBASE 和 Cochrane 
图书馆等数据库（截止 2014 年 2 月）中相关的前瞻性队列研究，采用固定效

应模型或随机效应模型计算总效应值。 结果：最终 22 个研究纳入 meta 分

析，奶制品消费和总的 CVD [9 个研究; 相对危险度（RR）=0.88，95%可信区

间（CI）：0.81，0.96]以及中风（12 个研究; RR=0.87, 95% CI：0.77， 0.99）
呈负相关，但是没有发现奶制品消费和冠心病之间存在相关性（12 个研究; 
RR=0.94，95% CI：0.82，1.07）。低脂奶制品（6 个研究；RR=0.93，95% 
CI：0.88，0.99）和奶酪（4 个研究；RR=0.91，95% CI：0.84，0.98）消费显

著降低中风的发病风险，奶酪（7 个研究；RR=0.84，95% CI：0.71，1.00）还

显著降低冠心病的发病风险。根据不同的入选标准限定研究后没有明显改变

CVD 和冠心病的结果，但削弱了奶制品消费和中风的关系。中风和冠心病的

研究存在异质性，中风的研究还显示存在发表偏倚。 结论：我们的 meta 分析

进一步证实奶制品消费有利于预防 CVD，低脂奶制品和奶酪降低了中风和冠

心病的发病风险。 
 
关键词： 奶制品、心血管疾病、中风、冠心病、meta 分析 


