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Previous meta-analyses have associated dairy products with a lower risk of metabolic syndrome (MetS). Since then, new studies evaluating not
only total dairy but also different subtypes have been published in this field. The objective of the present work was to systematically review
and meta-analyze the epidemiologic studies regarding the associations between the consumption of total dairy products and subtypes (milk,
yogurt, and cheese) and the incidence of MetS. Relevant studies were identified through Medline and Cochrane databases. Eligible studies were
prospective cohort studies that examined the association between dairy product consumption and/or different subtypes of dairy and the risk of
MetS. Random-effects or fixed-effects models were assigned to calculate the pooled RR estimates with 95% Cls. From the 2994 identified articles,
12 and 11 studies were included for the qualitative and quantitative synthesis, respectively. After comparing the highest with the lowest categories,
total dairy product consumption was inversely associated with the risk of MetS (9 study comparisons; RR: 0.73; 95% Cl: 0.64, 0.83). Low-fat dairy
and total yogurt consumption were inversely associated with the risk of MetS (low-fat dairy: 2 study comparisons; RR: 0.77; 95% Cl: 0.65, 0.91;
total yogurt consumption: 4 study comparisons; RR: 0.74; 95% Cl: 0.66, 0.82). The linear RR per 1 serving of yogurt/d was 0.77 (95% Cl: 0.60, 1.00).
Low-fat yogurt and whole-fat yogurt were inversely associated with the risk of MetS (low-fat yogurt: 2 study comparisons; RR: 0.72; 95% Cl: 0.62,
0.84; whole-fat yogurt: 2 study comparisons; RR: 0.81; 95% Cl: 0.70, 0.94). Total milk consumption was inversely associated with the risk of MetS
(6 study comparisons; RR: 0.79; 95% Cl: 0.64, 0.97). Whole-fat dairy consumption was not associated with MetS risk. Our findings suggest that the
consumption of total and low-fat dairy products, milk, and yogurt is inversely associated with the risk of MetS. The study protocol is available at
https://www.crd.york.ac.uk/PROSPERO/ as CRD42018082480. Adv Nutr 2019;10:5144-5153.
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Introduction

Metabolic syndrome (MetS) is a cluster of >3 different
cardiovascular risk factors, including abdominal obesity,
blood pressure, glucose, and serum T'G and HDL-cholesterol
concentrations in a pathological range (1). This syndrome
is directly associated with 2 of the most prevalent diseases
worldwide: type 2 diabetes and cardiovascular disease (2).
The prevalence of MetS has increased in the last decades
around the globe, affecting nearly one-quarter of the total
adult population (3).

The etiology of MetS is not well known. However,
different modifiable risk factors, such as physical activity,
smoking habits, alcohol consumption, and following a
healthy diet, seem to influence the risk of this complex
metabolic disease (4). From a nutritional point of view,
the available evidence suggests that different healthy dietary
patterns and specifically some food groups, such as dairy
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products, may have potential beneficial effects on MetS
prevention (3).

A growing number of studies have reported an inverse
association between total dairy product consumption and
the risk of developing MetS. Two previous meta-analyses
summarized the results showing a 14% (RR:0.86; 95% CI:
0.79, 0.92) and a 15% (RR: 0.85; 95% CI: 0.73, 0.98) lower
risk of MetS incidence when comparing the highest with the
lowest categories of total dairy consumption (5, 6). However,
there are significant differences in the compositions of dairy
product subtypes, which could exert different roles in MetS
prevention. However, to our knowledge, no previous meta-
analysis has taken this into consideration. Therefore, we con-
ducted a systematic review and meta-analysis of prospective
cohort studies to evaluate the associations between total dairy
product consumption and different dairy subtypes and the
prevention of MetS.
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Methods

The Cochrane Handbook for Systematic Reviews of In-
terventions was used to conduct the present systematic
review and meta-analysis. Moreover, Meta-analysis of Ob-
servational Studies in Epidemiology (MOOSE) was used
to report the results. The study protocol is available at
https://www.crd.york.ac.uk/PROSPERO/ (registration num-
ber: CRD42018082480).

Search strategy and data sources

Through 28 November 2017, a comprehensive search of
2 databases (Medline and the Cochrane Library) was per-
formed, which was limited to studies conducted in humans
and without any language restriction. Supplemental Table
1 shows the complete search strategy. To supplement the
electronic search, a manual review of all the retrieved article
references was conducted.

Study selection

The first step in the study selection was to remove duplicates
on the basis of article references. Second, the eligibility
criteria of the studies were evaluated through comprehensive
screening of all titles and abstracts. The inclusion criteria
were as follows: prospective cohort studies with >1 y of
follow-up conducted in adults (aged >18 y), total dairy
products and/or different dairy subtypes (full-fat or low-fat
total dairy; milk, full-fat, or low-fat milk; yogurt, full-fat, or
low-fat yogurt; and cheese) as the exposure, and MetS as the
outcome with reports of the effect estimates (ORs or RRs
and 95% Cls) for categories of dairy product consumption.
When different articles carried out in the same cohort were
identified, we included the one with the highest sample size
or longer follow-up period (7). Published proceedings and
abstracts were not included.
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Data extraction

The full text of articles that passed the eligibility process
were carefully reviewed by 2 independent researchers (NB-
T and GM-S). A predefined proforma was filled out for
each one of the included studies in order to extract the
relevant information: author(s); year of publication; journal;
title of the article; setting; study name (if provided); follow-
up; sample size; participant characteristics; exposure; dietary
assessment; number of cases; outcome; assessment method;
RRs, ORs, or HRs; 95% CIs or SEs; statistical analyses;
and findings. Additional relevant information was requested
from some authors (8). If necessary, inconsistencies between
researchers in terms of data extraction were resolved by
consensus or discussion with a third author (JS-S).

Risk-of-bias (quality) assessment

The Newcastle-Ottawa Scale was used to assess the risk of
bias in the retrieved prospective cohort studies (9). This tool
consists of a rating scale from 0 to 9 points that are given
according to 3 domains: selection of the population (ranging
from 0 to 4 points), assessment of the outcome (ranging from
0 to 3 points), and comparability of the groups (ranging from
0 to 2 points). We considered a study to be of high quality
when the total score was >7 points.

Statistical analyses

The inverse variance method with random-effects (when >5
comparisons were available) or fixed-effects models (when
<5 comparisons were available) was used to pool the natural
log of transformed RRs, ORs, and HRs, comparing extreme
categories of dairy product consumption. For the present
analysis, we considered the HRs and ORs to be equivalent to
RRs, as has been done by others (10).

The linear and nonlinear dose-response relations were
assessed using generalized estimation models and spline
curve modeling (MKSPLINE procedure) when >2 com-
parisons were available (total dairy products, total yogurt,
and total milk). This procedure requires the mean or
median consumption of >3 categories and the number of
MetS cases, participants, or person-years by category and
effect estimates. For studies that did not report some of
the aforementioned data, we estimated these variables, if
possible, following the imputation method described by
Bekkering et al. (11) Becerra-Tomds et al. (12). There-
fore, we only included in the analysis those studies re-
porting all the needed information. For these analyses,
grams of total dairy, yogurt, and milk were converted to
servings per day, considering 1 serving as 200, 125, and
200 g, respectively, unless authors specified another serving
size.

Interstudy heterogeneity was estimated using the
Cochran’s Q statistic and quantified by I* statistic. A P value
<0.10 and I* >50% indicated significant heterogeneity.
To test the influence of each study on the summary risk
estimates, we removed one study at a time and recalculated
the pooled risk estimates. All of the data analyses were

Dairy products in the prevention of metabolic syndrome  S145


https://www.crd.york.ac.uk/PROSPERO/
https://academic.oup.com/advances/
mailto:nancy.babio@urv.cat

performed using Review Manager (RevMan) version 5.3 and
Stata version 15 (StataCorp).

Results

Study selection

A total of 2993 potential studies were found using the search
strategy shown in Supplemental Table 1. In addition, we
added one study from a manual search of the references from
other studies. Before screening 2591 studies by reviewing
titles and abstracts, 402 duplicate articles were removed.
Next, 31 studies were fully reviewed; and finally, 12 and 11

studies were included for the qualitative and quantitative
syntheses, respectively (Figure 1).

Studies characteristics

The characteristics of the included prospective cohort studies
are reported in Table 1. We identified a total of 12 prospective
studies reporting the relation between total dairy and
dairy product subtypes and the risk of MetS; 8 for total
dairy products, 2 for low-fat and whole-fat dairy products,
3 for total yogurt, 2 for low-fat and whole-fat yogurt, 5 for
milk, and 2 for cheese. All of the studies were published
between 2002 and 2017. By geographical region, 2 studies

Records excluded based on title/abstract (n = 2560)

e No assessment of dairy products as exposure; n =

e Letter/comments/viewpoints/summaries for
patients/editorials and opinion articles; n =7
e Abstracts/proceedings/symposiums/presentations

e Guidelines or scientific statements; n =2

e Non-Metabolic Syndrome as outcome; n =18

Full-text articles excluded, with reasons (n = 21)

»| o No assessment of dairy products as exposure; n = 10

e Non-Metabolic Syndrome as outcome; n =6

)
c
.g Records identified through Additional studies identified
§ database search through manual search
b= (n=2993) (n=1)
[ =
)
T /
—
Studies after removing duplicates e Design; n=1733
(n=2591)
406
Y,
£
5 v
o
a Records screened > and invited lecturers; n =176
(n=2591) e Reviews/meta-analyses; n = 107
e Animal studies; n = 54
e In vitro studies; n =2
)
Full-text articles assessed e Design;n=5
o for eligibility
= (n=31)
8
=
w
A4
Studies included in
qualitative synthesis
( ) (n=12)
-
S v
=
e Studies included in quantitative
- synthesis (meta-analysis)
(n=11)
—
FIGURE 1 Flow chart of the literature search.
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Study, Year

Events

Participants

Weight

RR [95% CI]

RR, 95% CI in MetS risk

Pereira MA et al. (20)
Lutsey PM et al. (19)
Snijder MB et al. (21)
Louie JCY etal. (18)
Baik L etal. (17)

Shin H et al. (8)

Babio N etal. (13)

Kim D et al. (Men) (23)

Kim D et al. (Women) (23)

Total (95% CI)

293
3.782
215
155
1.325
1.240
930
1.008
1.095

10.043

909
9.514
885
1.824
5.251
7.240
1.868
2.859
2.650

33.000

2.5%
18.5%
5.3%
1.8%
15.2%
16.6%
15.1%
12.2%
12.7%

100,0%

0.38[0.17, 0,84
0.87[0.77, 0.98

]
]
0.86 [0.52, 1.42]
0.62[0.24,0.61]
0.80 [0.66, 0.96]
0.75 [0.64, 0.88]
0.83 [0.69, 1.00]
0.60 [0.47,0.77]
[

0.53 [0.42, 0.67]

0.73 [0.64, 0.83]

- +"+*+l|l-{

Heterogeneity: Tau® = 0.02; Chi = 21.18, df = 8 (P = 0.007); I = 62%
Test for overall effect: Z = 4.71 (P <0.001)

0.01 0.1 1 10 100
Benefit Harm

FIGURE 2 Association between total dairy product consumption and the risk of MetS incidence. The diamond represents the pooled risk
estimate. Interstudy heterogeneity was tested by using the Cochran Q statistic (x?) at a significance level of P < 0.10 and quantified by the

/% statistic. MetS, metabolic syndrome.

were conducted in Spain (13, 14), 1 in Brazil (15), 1 in
France (16), 3 in Korea (8, 17, 23), 1 in Australia (18), 2 in
the United States (19, 20), 1 in the Netherlands (21), and 1
in Taiwan (22). Participants were all aged >18 vy, including
both women and men. Follow-up period ranged from 2.8 to
10y. For dairy product assessment, 92% of the studies used a
validated FFQ. With regard to the MetS definition, 3 studies
used the updated harmonized criteria (13, 14, 17), 3 used the
National Cholesterol Education Program Adult Treatment
Panel III criteria (8, 15, 23), 1 used the International
Diabetes Federation criteria (18), 1 used the American Heart
Association guidelines (19), 1 used no official definition (20),
and 1 study reported information using 2 different MetS
definitions (16) (National Cholesterol Education Program
Adult Treatment Panel III and the International Diabetes
Federation).

The mean quality assessment score for all of the studies
was 7.1 (range: 6-9). Two studies received a poor-quality
score of 6 points (18, 22), 8 studies received a 7-point score
(8,14-16,19-21, 24), and 2 studies reported quality scores of
8 (13) and 9 (17), indicating a good quality.

Meta-analysis of prospective cohort studies

Figure 2 shows the association between total dairy product
consumption and the risk of MetS incidence. The pooled
analysis of 9 comparisons generated a summary RR of
0.73 (95% CI: 0.64, 0.83), with substantial heterogeneity
(P < 0.001, I*= 62%) when comparing the highest with
the lowest categories of dairy product consumption. The
removal of one study at a time did not modify the association.
However, the removal of the study by Kim and Kim (23)
conducted in women (I? = 38%, P = 0.13) did explain most of
the interstudy heterogeneity (Supplemental Table 2). Seven
studies were included in the dose-response analysis of total
dairy consumption and the risk of MetS incidence (8, 13, 17,
19-21, 23.). The pooled risk showed a nonlinear association

between the consumption of 1 serving of dairy products/d
and the risk of MetS (P for departure from linearity = 0.046)
(Supplemental Figure 1).

Supplemental Figure 2 shows the association between
low-fat dairy product consumption and the risk of MetS
after pooling the results of 2 studies. There was a sig-
nificant inverse association between low-fat dairy product
consumption and MetS risk when comparing the highest
with the lowest consumption categories (0.77; 95% CI: 0.65,
0.91), with evidence of substantial heterogeneity (P = 0.002,
I =89%).

Supplemental Figure 3 shows the association between
whole-fat dairy product consumption and the risk of MetS.
The analysis included 2 studies showing a pooled RR of
0.93 (95% CI: 0.79, 1.08), with evidence of substantial
heterogeneity (P = 0.002, I = 89%).

Figure 3 shows the association between total yogurt
consumption and the risk of MetS after pooling the results
of 4 studies. The pooled analysis showed a 26% lower risk of
MetS incidence when comparing the highest with the lowest
consumption categories (0.74; 95% CI: 0.66, 0.82), with no
evidence of heterogeneity (P = 0.64, I* = 0%). The removal of
one study at a time did not modify the association between
total yogurt consumption and the risk of developing MetS
nor the interstudy heterogeneity (Supplemental Table 2).
Three studies were included in the dose-response analysis
of total yogurt consumption and the risk of MetS (13, 14,
24). The pooled risk showed a linear association between
1 serving of total yogurt consumption/d and the risk
of MetS (0.77; 95% CIL: 0.60, 1.00; P = 0.046; P for
departure from linearity = 0.556) (Supplemental
Figure 4).

Supplemental Figure 5 shows the association between
low-fat yogurt consumption and the risk of MetS$ incidence.
The pooled analysis of 2 comparisons generated a summary
RR of 0.72 (95% CI: 0.62, 0.84), with no evidence of
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substantial heterogeneity (P=0.60, I* = 0%) when comparing
the highest with the lowest categories of consumption. For
low-fat yogurt, the summary RR was 0.72 (95% CI: 0.62,
0.84), with no heterogeneity (P = 0.60, I* = 0%).

Supplemental Figure 6 shows the association between
whole-fat yogurt consumption and the risk of MetS inci-
dence. The pooled RR was 0.81 (95% CI: 0.70, 0.94) for the
2 included studies, with no evidence of heterogeneity
(P=0.26, I* = 20%).

Figure 4 shows the association between total milk
consumption and the risk of MetS. After pooling 5 studies
(6 comparisons), an inverse association between total milk
consumption and the risk of MetS was identified when
comparing the highest with the lowest categories. The
pooled RR was 0.79 (95% CI: 0.64, 0.97), with evidence of
heterogeneity (P = 0.01, I* = 66%). The exclusion of one
study at a time did not modify the association. However, the
removal of the study by Lin et al. (22) (I* = 39%, P=0.16) did

explain most of the interstudy heterogeneity (Supplemental
Table 2). Three studies were included in the dose-response
analysis of total milk consumption and the risk of MetS
incidence (13, 15, 24). The pooled risk showed a nonlinear
association for 1 serving of total milk consumption/d and
the risk of MetS (P for departure from linearity = 0.01)
(Supplemental Figure 7).

We identified one prospective cohort study analyzing
the association between cheese consumption, categorized in
tertiles, and MetS risk (13). Moreover, one study analyzed the
association between cheese consumption using continuous
variables and the risk of MetS (16). As a consequence,
a meta-analysis comparing the highest with the lowest
categories was not performed, because only one study
was available for the analysis. On the one hand, in the
Prevencion con Dieta Mediterranea (PREDIMED) study,
a positive association between cheese consumption and
MetS incidence was reported (RR: 1.31; 95% CI: 1.10, 1.56;

Study, Year Events  Participants  Weight RR [95% CI] RR, 95% CI in MetS risk
Lin Y et al. (22) 206 888 18.4% 1.21[0.90, 1.62] r
Shin H et al. (8) 1.240 7.240 25,0% 0.79 [0.67, 0.93] Ll
Babio N et al. (13) 804 1.868 23.6% 0.85[0.70, 1.03] L
Damido R et al. (15) 57 151 4.6% 0.76 [0.31, 1.85] -
Kim D etal. (Men) (23) 1.008 2.859 13.3% 0.64 [0.42, 0.97] ]
Kim D et al. (Women) (23) 750 2.651 15.0% 0.51[0.35,0.74] =
Total (95% CI) 4.065 15.657 100% 0.79 [0.64, 0.97] ’
L L 4 |
Heterogeneity: Chi*> = 14.61, df =5 (P = 0.01); I* = 66% 0.01 0.1 1 10 100

Test for overall effect: Z = 2.23 (P=0.03)

Benefit Harm

FIGURE 4 Association between total milk consumption and the risk of MetS incidence. The diamond represents the pooled risk estimate.
Interstudy heterogeneity was tested by using the Cochran Q statistic (x?) at a significance level of P < 0.10 and quantified by the /?

statistic. MetS, metabolic syndrome.
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comparing the third with the first tertile). On the other
hand, in the Data from the Epidemiological Study on the
Insulin Resistance Syndrome (DESIR) study, a lower risk of
MetS was observed (RR: 0.82; 95% CI: 0.71, 0.95) with an
increase in cheese consumption from one category to the
next.

Discussion

We conducted a systematic review and meta-analysis of
prospective cohort studies to investigate the relation between
the intake of total dairy products and different subtypes
of dairy and the risk of developing MetS. On the basis of
the results of the analysis, comparing the highest with the
lowest categories of dairy product consumption, we found
an inverse association between total dairy, low-fat dairy,
yogurt (total and its different subtypes), and total milk and
the incidence of MetS. However, whole-fat dairy was not
associated with the risk of MetS. The results of the dose-
response analysis showed a decreased risk of developing MetS
for each additional serving of yogurt per day.

Our results with regard to total dairy products are in
line with those of the 2 previous meta-analyses (5, 6),
even including the new published studies, and support
our hypothesis that dairy product consumption is inversely
associated with the risk of MetS. However, the previous meta-
analyses had the limitation of including in the analysis studies
that had different dairy subtypes as an exposure, instead of
total dairy products. As a consequence, the results could
not be attributed to total dairy product consumption. The
present meta-analysis is the first, to our knowledge, that takes
this aspect into account, showing a 27% lower risk of MetS
associated with total dairy product intake.

To the best of our knowledge, this is the first time
that a meta-analysis evaluating the association between
different subtypes of dairy products, such as yogurt and milk,
and the risk of MetS has been performed. It is important
to note that few studies have been included for dairy
product subtype analysis, which highlights the necessity of
investigating the association between specific dairy products
and MetS incidence, taking into account the fat content.
Only 2 studies were found to evaluate low-fat dairy, whole-
fat dairy, different types of yogurt, and MetS incidence,
and only one study reported information comparing the
highest with the lowest categories of cheese consumption.
Moreover, it is important to point out that there was evidence
of substantial heterogeneity in all dairy product categories,
except for total and low-fat yogurt consumption. However,
the observed heterogeneity disappeared after excluding one
study (I* = 38%, P = 0.13) (23) in the case of total dairy and
another one in the case of total milk (I> = 39%, P=0.16) (22).
The reasons are unclear, but could be related to sex [inclusion
of only women (23)] or due to the comparison only between
consumers and nonconsumers (22).

The potentially beneficial metabolic effects of dairy
product consumption, such as milk, yogurt, and cheese,
on MetS risk could be explained through their complex
nutrient matrix. Calcium, the most concentrated mineral

in dairy products, seems to interact with SFAs, forming
FA-insoluble soaps, consequently decreasing fat absorption
(25), lowering TG concentrations, and improving the HDL-
to LDL-cholesterol ratio (26). Moreover, calcium has been
related to decreased blood pressure in intervention studies
(27, 28). These potentially beneficial effects of decreasing
fat accumulation and blood pressure and regulating lipid
metabolism have also been related to the milk-derived
bioactive peptides modulating satiety and, consequentially,
total energy intake, reducing weight gain (27, 29, 30).

Dairy products also contain saturated fats that have
been related to increased peripheral HDL-cholesterol plasma
concentrations and decreased VLDL cholesterol and rem-
nant chylomicrons (31, 32). Polar lipids (phospholipids and
sphingolipids) located in the membrane of dairy fat globules
have been suggested to have anti-inflammatory properties,
which could partially explain the inverse association with
MetS (33). Dairy fat also contains SFAs and MUFAs that
could improve insulin sensitivity and glycemic response (34,
35). This modulation of plasma glucose has also been related
to probiotic bacteria. Fermented dairy products, such as
yogurt and cheese, contain different bacterial strains (36) that
may modulate gut microbiota and insulin sensitivity. In fer-
mented milk and cheese, menaquinones seem to exert similar
effects (34, 35). Moreover, probiotic bacteria from fermented
dairy products could also modulate different inflammation
reactions, reducing the abundance of pathogenic bacteria
and increasing the production of some metabolites, such as
SCFAs, through the fermentation of dietary fiber from fruits,
vegetables, nuts, and legumes (37).

This meta-analysis has different strengths. It is the first
systematic review and meta-analysis evaluating prospective
studies reporting the relations between total dairy and
different subtypes of dairy products and the risk of MetS. We
followed stringent eligibility criteria using different databases
to maximize the inclusion of high-quality, comparable stud-
ies. Most of the included studies were adjusted for important
confounders, such as energy intake, smoking habit, age, sex,
and physical activity. We assessed the linear and nonlinear
dose-response between total dairy, yogurt, milk, and MetS
incidence, although few studies were included.

The present meta-analysis also has potential limitations
that should be considered. First, the analysis was based
on observational studies and, for that reason, residual
effects cannot be excluded from the results. Second, authors
used different MetS criteria, which could change the effect
estimates. However, due to the limited studies included
in the analysis (<10), we could not conduct a subgroup
analysis to clarify if this limitation affected the final results.
The development of new MetS prevention strategies using
a unified definition worldwide would be helpful. Third,
although the dietary assessments were carried out with a
validated FFQ in most of the prospective studies, a possible
measurement error in recording the information during the
assessment must be assumed. Fourth, we could not conduct
subgroup analyses to explore the sources of interstudy
heterogeneity observed in most of the analyses because there
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were not enough studies evaluating the relation between total
and different subtypes of dairy products and the incidence of
MetS. It is dubious that exploring heterogeneity will produce
reliable results unless this would include >10 studies (38).
Finally, in dairy subtype analyses, few studies were included.
Therefore, it is likely that the publication of new studies
evaluating different subtypes could change the magnitude or
the direction of the effect estimates.

In conclusion, the results of the present systematic
review and meta-analysis of prospective studies suggest that
consumption of total and low-fat dairy, total yogurt and its
different subtypes, and total milk is related to a reduced
risk of MetS development. Furthermore, the consumption of
whole-fat dairy has not been associated with the incidence of
the syndrome. Due to the alarming prevalence of MetS, new
dietary strategies to prevent this syndrome are imperative.
The present results might provide deeper insight into
dietary recommendations with regard to the consumption
of dairy products and different dairy subtypes. Long-term
randomized controlled trials conducted in different types
of study populations (taking into account age, sex, health
status, and ethnicity) and analyzing the effect of different
dairy subtypes according to the fat and sugar composition
are warranted to provide a definitive cause-effect relation
between total dairy and different dairy subtypes and MetS
incidence.
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