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Abstract

A systematic review and a meta-analysis of observational studies were performed to assess the dose-response relationship between specific types
of dairy foods and the risk of the metabolic syndrome (MetS) and its components. Studies of dairy foods and the risk of the MetS and its
components published up to June 2016 were searched using PubMed, EMBASE and a reference search. Random-effects models were used to
estimate the pooled relative risks (RR) with 95% CI. Finally, ten cross-sectional studies, two nested case—control studies and twenty-nine cohort
studies were included for the analysis. In a dose-response analysis of cohort studies and cross-sectional studies, the pooled RR of the MetS for a
one-serving/d increment of total dairy food (nine studies) and milk (six studies) consumption (200 g/d) were 0-91 (95% CI 0-85, 0-96) and 0-87
(95% CI 0-79, 0-95), respectively. The pooled RR of the MetS for yogurt (three studies) consumption (100 g/d) was 0-82 (95% CI 0-73, 0-91).
Total dairy food consumption was associated with lower risk of MetS components, such as hyperglycaemia, elevated blood pressure,
hypertriacylglycerolaemia and low HDL- cholesterol. A one-serving/d increment of milk was related to a 12 % lower risk of abdominal obesity, and
a one-serving/d increment of yogurt was associated with a 16 % lower risk of hyperglycaemia. These associations were not significantly different
by study design, study location or adjustment factors. This meta-analysis showed that specific types of dairy food consumption such as milk and
yogurt as well as total dairy food consumption were inversely related to risk of the MetS and its components.
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The metabolic syndrome (MetS) is a metabolic disorder invol-
ving abdominal obesity, dyslipidaemia, elevated blood pressure
and insulin resistance, all of which increase the risk of CVD and
type 2 diabetes’”. The prevalence of the MetS is rapidly
increasing worldwide®®. It is estimated that 20-25% of the
world’s adult population has the Mets™®.

Diet plays an important role in the development of the
MetS”. Epidemiological studies have evaluated the relationship
between dairy food consumption and risk of the MetS. Some
studies reported an inverse association ' but others
showed no association’>'® The different results on the
associations might be because of the effects of various types of
dairy foods on the risk of the MetS. A recent study suggested
that individual dairy foods might have different effects on the
risk of the MetS. A higher consumption of regular-fat dairy
products was associated with a reduced risk of the MetS,
whereas low-fat dairy products were not associated with
the MetS in middle-aged and older US women"”. Incon-
sistently, a higher consumption of whole-fat yogurt and low-fat
milk was associated with a reduced risk of the MetS, whereas
whole-fat milk was not associated with the MetS, and a higher

consumption of cheese was related to a higher risk of the MetS
in a Mediterranean population(m .

Two meta-analyses have shown a significant relationship
between dairy food consumption and the MetS"'”'® However,
these studies only assessed the relationship between total dairy
food consumption and risk of the MetS. None of the studies
have investigated the effects of specific types of dairy foods on
the MetS and individual components.

Therefore, we performed a systematic review and a meta-analysis
of observational studies on the relationship between specific types
of dairy foods, such as milk and yogurt as well as total dairy foods,
and the MetS and individual components (abdominal obesity, low
HDL-cholesterol, hypertriacylglycerolaemia, hyperglycaemia and
high blood pressure) in the general population.

Methods
Literature search strategy

A systematic literature search was conducted using PubMed and
EMBASE from January 1900 to June 2016. The following search

Abbreviations: MetS, metabolic syndrome; RR; relative risk.
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terms were used: (‘dairy’ OR ‘milk’ OR ‘yogurt) AND
(‘metabolic syndrome’ OR ‘metabolic syndrome X’ OR ‘diabetes’
OR ‘diabetes mellitus’ OR ‘hyperglycemia’ OR ‘high blood
pressure’ OR ‘high density lipoprotein’ OR ‘dyslipidemia’ OR
‘triglyceride’ OR ‘obesity”).

Study selection

For inclusion criteria in this meta-analysis, the studies had to be
observational, have dairy food consumption as a dietary
factor, have the MetS and/or its components (abdominal
obesity, low HDL-cholesterol,
hyperglycaemia, and high blood pressure) as outcomes and
report relative risks (RR) or OR and CI (or data to calculate
them) in healthy adults. The following studies were excluded:

hypertriacylglycerolaemia,

animal studies, randomised controlled trials, studies not pub-
lished in English, studies that focused on patients who had
specific diseases, studies not related to dietary factors (dairy
foods) or outcomes (the MetS or its components), studies in
which no full text was available, reviews and meta-analyses. In
addition, the references from the retrieved articles and those
from previous review studies were reviewed to identify addi-
tional relevant studies (Fig. 1).

Data extraction and quality assessment

Two investigators (M. L. and J. K.) conducted study selection
and data extraction, and further discussion was performed to
resolve any disagreement by reviewing the original article. The
following data were extracted from each study: first author’s last
name, publication year, study location, study design, follow-up
period, number of cases and subjects, age and sex of the sub-
jects, type of outcome (MetS or individual components), type of
dairy foods (total dairy foods, milk or yogurt), dietary assess-
ment method, MetS criteria, OR or RR with the 95% CI for the
relationship between dairy foods ‘consumption and the MetS
across dairy product intake levels and adjustment for con-
founding factors. We used the most-adjusted model among
multivariable adjustment models.

In this study, total dairy foods included milk, yogurt, cheese
and dairy desserts such as custard and ice cream. Definitions of
whole-fat dairy foods or low-fat dairy foods were differed
across studies. Most studies described what type of dairy foods
were included in the whole-fat or low-fat dairy foods without
information on fat content. Whole-fat or regular-fat dairy foods
included whole milk, whole-fat yogurt, regular cheese and
medium-fat dairy dessert; whereas, low-fat or reduced-fat dairy
foods included skimmed or low-fat milk, skimmed or low-fat
yogurt, cottage/ricotta cheese or low-fat cheese and reduced-fat
dairy dessert 107101929 - A few studies defined whole-fat or
low-fat dairy foods by fat content. Whole-fat dairy foods were
defined as milk and milk products with a total fat content of
>2g/100g*? or >3-5g/100 g(25'26) or cheese products with a
total fat content of >20g/100 g(24"26), whereas low-fat dairy
foods were defined as milk and milk products with a total fat
content of <2/100g or cheese with a total fat content of <20/
100 g2 Whole-fat dairy foods were defined as whole-fat
milk (4% fat), whole-fat cheese (30-35% fat) and cream
(19-24% fat)(27>, whereas low-fat dairy foods were defined as

skimmed milk (0-3% fat), semi-skimmed milk (1-7% fat) and
low-fat cheese (12-16% fat)®”.

Two investigators (M. L. and J. K.) independently evaluated
the quality of cohort studies using the Newcastle-Ottawa
quality assessment scale®® for the following criteria: repre-
sentativeness of the exposed cohort; dietary assessment meth-
ods of dairy food consumption; assessment of outcome;
duration of follow up; adequacy of the follow up of cohorts;
and adjustment for important confounders (age, BMI, smoking,
alcohol and physical activity). The evaluation scores ranged
from 0 to 9. Total scores >7 (out of 9) indicated good quality.
The quality of cross-sectional studies was evaluated using the
strengthening the reporting of observational studies in epide-
miology statement®. The evaluation score ranged from
0 to 22. Total scores >16 (out of 22) indicated good quality. Any
discrepancies in quality assessment between two reviewers
were resolved by discussion until a consensus was reached. To
avoid selection bias, no study was rejected because of these
quality criteria.

Statistical analysis

The pooled estimates (RR or OR) of the MetS and 95 % CI for the
highest v. the lowest category of dairy food consumption level
or the linear or non-linear dose-response analysis were
obtained using random effects, which accounted for the
heterogeneity among studies®”. When a study provided the
estimates for total dairy foods, low-fat dairy foods and whole-fat
dairy foods, the effect estimates of total dairy food consumption
were included in the main analysis. When a study reported the
separate estimates for each dairy food according to fat content
(skimmed/low-fat milk and whole/full-fat milk)®' 3> or sex
(men and women)®®”, the effect estimates from each dairy
foods were combined using a fixed-effect model in the main
analysis.

The dose-response relationship between dietary factor
(total dairy foods, milk and yogurt) and outcome (MetS and its
components) was examined using generalised least-square
trend estimation analysis to estimate the study-specific slope
lines first and then derive an overall slope, which requires the
distribution of cases and person-years or subjects®®*”. When
these numbers were not available, a variance-weighted least
squares meta-regression analysis was used to estimate the
dose-response slopes®®3”_ For these two analyses, the median
or the mean value for each category of intake levels was used.
For studies not providing the median or mean consumption of
each category, the midpoint of the upper and the lower
boundary in each category was used as the average intake.
Dairy food consumption reported as servings or portions
per day, week or month was converted to g/d. One-serving/d
was defined as 200 g for total dairy foods or milk, and 100 g
for yogurt.

In addition, subgroup and meta-regression analyses were
performed according to study design (cohort/cross-sectional),
study location (Americas, Asia, Europe, Oceania) and adjust-
ment factors (BMI, energy intake, alcohol, fruit intake and
vegetable intake). Sensitivity analysis was conducted in which
one study at a time was removed and the remaining studies
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Literature identified through
PubMed and EMBASE
database search (n 5937)

5712 papers excluded on the basis of

v

title or abstract

A
225 papers retrieved and assessed for

eligibility 185 papers excluded for the following reasons:

— Study focused on patients (n51)

A4

— Not related to outcome (n 103)

v — Duplication (n 7)

40 full papers selected for inclusion — No full text (n 24)

One paper was added after reference search
(n1)

A\ 4

Cross-sectional study (n 10)
Cohort study (n 29)

Nested case—control study (n 2)

A 4

Included in highest v. lowest Included in highest v. lowest meta-analysis
meta-analysis
Total dairy foods and MetS (n 12) Total dairy and hyperglycaemia (n 18)
Milk and MetS (n 7) Milk and hyperglycaemia (n 15)
Yogurt and MetS (n 3) Yogurt and hyperglycaemia (n 9)

Included in dose—response Total dairy foods and abdominal obesity (n 5)

meta-analysis Milk and abdominal obesity (n 7)

Total dairy foods and MetS (n 9) Yogurt and abdominal obesity (n 3)
Milk and MetS (n 6)
Yogurt and MetS (n 3) Total dairy foods and high blood pressure (n 9)

Milk and high blood pressure (n 4)

Total dairy foods and hypertriglycaemia (n 5)
Milk and hypertriglycaemia (n 4)

Total dairy foods and low HDL-cholesterol (n 6)
Milk and low HDL-cholesterol (n 4)

Fig. 1. Flow chart of literature search for meta-analysis. MetS, metabolic syndrome.

were assessed to evaluate the impact of the single study. Forest plots were made to visualise and summarise the rela-
To explore the presence of statistical heterogeneity, Higgins tionship between total dairy foods, milk or yogurt and the MetS and
P49 was conducted, and the P statistic was calculated. its components. Publication bias was evaluated by Egger’s test?.
The assumption of heterogeneity was considered valid for All statistical analysis was performed using Stata/SE 14.2 (STATA).

P values <0-05. A two-tailed P value <0-05 was considered statistically significant.
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Results

Study characteristics

Ten cohort studiest7 1271416202129 41 seven cross-sectional
studies 711191922 were included in meta-analyses that com-
pared the highest and lowest categories of dairy product intake,

(1,7,13,14,16,21,23)

and seven cohort studies and six cross-sectional

studies 1011151922 were included in the dose-response meta-
analysis on the association between dairy foods (total dairy
foods, milk and yogurt) and risk of the MetS (Table 1). Studies
on the cheese intake were not included in the meta-analysis
because of insufficient number of studies (12 2)®'?. Five studies
were conducted in Americas, four studies were conducted in
Asia, three studies were conducted in Europe and one study
was conducted in Oceania. The follow-up range of cohort
studies was between 2-3 and 10 years. Two studies™>' defined
the MetS using the criteria of the International Diabetes Federa-
tion*®. One study™ defined the MetS based on the criteria of the
American Heart Association/National Heart, Lung and Blood
Institute™?. Two studies®'? defined the MetS according to the
guideline of the National Cholesterol Education Program, Adult
Treatment Panel III (NCEP-ATP IID“Y. Three studies”'>?"
defined the MetS using the criteria of the modified NCEP-ATP III.
Five studies®'>%222 defined the MetS by the criteria of the
Joint Interim Statement™. All studies adjusted for multiple
confounders of age, smoking and physical activity. Most of
the studies adjusted for —sexO7111371619.21-29)
intake(©710.13-15:19.21229) 4 1y energy intake
Four studies provided the adjusted RR for BMI
quality assessment of studies, quality score for seven cohort
studies included in the dose-response analysis were between 6
and 8, with a mean score of 7. The majority of the cohort studies
had good quality scores (five out of seven studies). Quality scores
for six cross-sectional studies were between 14 and 17, with an
average score of 16. The majority of the cross-sectional studies
had good quality scores (four out of six studies). The studies on
the relationship between dairy products (total dairy foods, milk
and yogurt) and MetS components were described in the online
Supplementary Table S1.

alcohol
(1,6,7,10,11,13,15,16,19,21-23)

(1,14,1922) .

Association between dairy food consumption and the
metabolic syndrome

A dose-response meta-analysis of nine studies!1:0-7:10:11.13-160)

that included five cohort studies, involving 9126 cases and
30264 participants, and four cross-sectional studies, involving
3680 cases and 16002 participants, was conducted to explore
the association between total dairy food consumption and the
MetS. The multivariable-adjusted RR and 95% CI of the MetS
according to one-serving/d increment of dairy food consump-
tion and the MetS are shown in Fig. 2. In a dose-response meta-
analysis combining the two types of study design, an increase of
200 g/d of total dairy product intake was associated with a 9%
lower risk of the MetS (RR=0:91; 95% CI 0-85, 0-96) with
moderate heterogeneity (/> =51-7%, P=0-04).

Six studies”1*1419:2122 that included three cohort studies
involving 2227 cases and 9259 participants and three cross-
sectional studies involving 4775 cases and 19818 participants

examined the relationship between milk consumption and risk
of the MetS. In a dose-response analysis, an increase of 200 g/d
of milk intake was associated with a 13 % lower risk of the MetS
(RR=0-87; 95% CI 0-79, 0-95) with no significant heterogeneity
(FP=447%, P=0-11).

Three studies!#?%23

including two cohort studies involving
1236 cases and 9931 participants and one cross-sectional
study involving 1298 cases and 4862 participants explored the
relationship between yogurt intake and the MetS. In a
dose-response analysis, the risk of the MetS decreased by 18 %
for a 100 g/d increment in yogurt consumption (RR=0-82; 95 %
CI 073, 0-91) with no significant heterogeneity (*=7-6%,
P=0-34).

Associations between dairy food consumption and
metabolic syndrome components

A meta-analysis of the relationship between dairy food con-
sumption and MetS components is shown in Table 2. In a dose—
response analysis, an increase of 200 g/d of total dairy product
intake was related to a lower risk of MetS components such as
hyperglycaemia (seventeen studies), high blood pressure
(ten studies), hypertriacylglycerolaemia (five studies) and low
HDL-cholesterol (six studies). An increase of 200g/d of milk
intake (seven studies) was related to a 12% lower risk
of abdominal obesity (RR=0-88; 95% CI 0-79, 0-97). An increase
of 100 g/d of yogurt intake (nine studies) was associated with a
16 % lower risk of hyperglycaemia (RR=0-84; 95 % CI 0-70, 0-98).

In a meta-analysis that compared the highest v. the lowest
category of dairy product intake, the pooled RR for the MetS in
the highest category of total dairy product intake (twelve
studies) compared with those in the lowest category of total
dairy product intake was 0-75 (95 % CI 0-66, 0-84). The pooled
RR for the MetS in the highest category of milk (seven studies)
and yogurt intake (three studies) compared with those in the
lowest category of milk and yogurt were 0-78 (95% CI 0-69,
0-87) and 0-77 (95% CI 0-66, 0-88), respectively, with no
significant heterogeneity.

In meta-analyses that compared the highest and lowest
categories of dairy product intake, total dairy product intake
was related to a lower risk of all components of the MetS, and
milk intake was related to a lower risk of abdominal obesity
(seven studies) and hypertriacylglycerolaemia (four studies).
Yogurt intake was related to a lower risk of hyperglycaemia
(nine studies) and abdominal obesity (three studies).

Subgroup, meta-regression and sensitivity analyses

The results for subgroup analysis and meta-regression analyses
are shown in Table 3. Subgroup analyses for total dairy foods
and the MetS found no significant differences in study design.
With regard to study location, Americas (RR =0-93; 95 % CI 0-88,
0-98) and Europe (RR=0-92; 95% CI 0-87, 0-98) showed sig-
nificant inverse associations, whereas Asia and Oceania showed
a non-significant inverse association; however, the difference
was not significant (P> 0-2 for all comparisons). With regard to
the quality assessment of studies, both good (RR=0-91; 95 % CI
0-82, 0-99) and others (RR=0-91; 95% CI 0-86, 0-96) showed
significant inverse associations with no significant difference
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Table 1. Characteristics of the studies on the association between dairy products (total dairy foods, milk and yogurt) and the metabolic syndrome included in this meta-analysis

(Numbers and percentages, odds ratios, relative risks (RR) and confidence intervals).

Criteria for the Consumption NOS or
References Study design Location Age (years) n % metabolic syndrome Dietary assessment amount OR or RR 95% ClI Adjustments STROBE score
Total dairy foods
Azadbakht et al."”  Cross-sectional  Iran 18-74 827 56-8 The National 168-ltem FFQ and  (servings/d) 1.00 Age, total energy, percentage of 16
Cholesterol 24-h dietary recall Q1 (<17) 0-96 0-69, 1-20 energy from fat, BMI, use of blood
Education Program, Q2 (1-7<2-3) 0.92 0-84, 1-12 pressure or oestrogen medication,
Adult Treatment Q3 (2:3<31) 0-82 0-63, 0-99 smoking habits, physical activity,
Panel Il (NCEP- Q4 (>31) food group intake, Ca, protein
ATP 1Il)
Babio et al." Cohort Spain 55-80 1868 52.5 Joint Interim Statement  137-ltem FFQ and  (g/d) 1.00 Sex, age, leisure time physical activity, 6
WIS) 3-d dietary record T1(<287) 0-80 0-68, 0-95 BMI, smoking habits, use of
T2 (287-449) 0-83 0-69, 1-01 hypoglycaemia drugs, use
T3 (>450) of hypolipidaemic drugs, use of
antihypertensive drugs, insulin
treatment, vegetable, fruit, legume,
cereal, fish, red meat, cookie, olive
oil, nut, alcohol, abdominal obesity,
hypertriacylglycerolaemia, low
HDL-cholesterol, hypertension,
high fasting ﬂlasma glucose
Drehmer et al."® Cohort Brazil 35-74 9835 54.-8 JIS 114-ltem FFQ (servings/d) 1.00 Demographic characteristics, age, 7
<1 0.95 0-80, 1-13 sex, race, occupational, education,
1-2 091 077, 1.07 family income, study centre,
>2-4 0-90 0-75, 1-08 menopausal status, family history
>4 of diabetes, smoking, physical
activity, intake of total energy
content, fruit, vegetables, refined
grains, soda, processed and
unprocessed red and white meat,
alcohol
Fumeron et al.® Cohort France 30-65 3435 50-2 International Diabetes 23-ltem (servings/d) 0-88 079, 097  Sex, age, smoking, total fat intake, 9
Federation (IDF) questionnaire >2v. <1 physical activity, mean BMI
Huo Yung Kai Cross-sectional ~ France 35-64 3078 49-6 JIS 3-d dietary record (g/1000 kJ) 1.00 Region, sex, age, education level, 14
et al® Q1 (0-132) 097 076, 124 physical activity, alcohol, smoking,
Q2 (13.3-23-1) 0.92 072, 1-19 diet, programme national nutrition
Q3 (23-2-36-3) 0-76 0-59, 0-99 santé—global score, total daily
Q4 (36-4—266) energy intake
Liu et a.('? Cross-sectional  USA >45 10066 100 NCEP-ATP Il 131-ltem FFQ and (servings/d) 1.00 Age, randomised treatment 15
1-week dietary Q1 (<0-91) 0-85 0-71, 1.00 assignment, smoking, exercise,
record Q2 (0-91-1-41) 0-76 0-64, 0-91 parental history of myocardial
Q3 (1-42-1-99) 077 064,092 infarction before age 60 years,
Q4 (2:00-3-00) 0-66 055, 0-80 dietary intake of total energy
Q5 (>3-00) content, total fat, cholesterol,
protein, alcohol, multivitamins,
glycaemic load
Louie et al.1® Cohort Australia >49 1807 IDF 145-item FFQ (Median, servings/d) 1-00 Age, sex, smoking, physical activity, 6
Q1 (0-5) 112 068, 1-83 dietary glycaemic load, fibre from
Q2 (1-2) 0-62 0-33, 1-16 vegetables, total energy intake,
Q3 (1-8) 0-62 0-24, 1-62 family history of type 2 diabetes,
Q4 (3-1) Ca
Lutsey et alM Cohort USA 45-64 9514 559 American Heart 66-ltem FFQ (Median, servings/d) 1.00 Age, sex, race, education, centre, 8
Association/ Q1 50-283 smoking, physical activity, intakes
National Heart, Q2 (093 1.02 092, 1-13 of total energy content, meat, dairy
Lung and Blood Q3 5129; 1.03 093, 1-14 foods, fruits, vegetables, whole
Institute (AHA/ Q4 (1-94 0-96 0-86, 1-06 grains, refined grains
NHLBI) Q5 (3-30) 0-87 077,098
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Table 1. Continued

Martins et al.("® Cross-sectional

Pereira et al.('?) Cohort

Ruidavets et al®  Cross-sectional

Shin et al.”) Cohort
Milk
Babio et al." Cohort
Damiao et al.?" Cohort
Elwood et al.?® Cohort
Kim®2) Cross-sectional
Kwon et al.("® Cross-sectional

Brazil

USA

France

Korea

Spain

Brazil

UK

Korea

Korea

23-25

18-30

45-64

40-69

55-80

40-79

45-59

2031

3157

912

7240

1868

151

2375

4862

4890

516

59

58

IDF

>2 of the four
components:
abnormal glucose
homoeostasis,
obesity, elevated
BP and dyslipid

NCEP-ATP IlI

The modified NCEP-
ATP lll criteria with
the exception of
abdominal obesity

JIS

Modified NCEP-ATP Il

Modified WHO
definition

JIs

The NCEP-ATP Il
criteria, modified for
the Korean
abdominal obesity
criterion

75-ltem FFQ (portions/d)
Q1 (0-0, 0-6)
Q2 (07, 1-2)
Q3 (1-3,1.7)
Q4 (1-8, 2:6)
Q5 (27, 14-2)
Diet history and 24-h  (servings/week)
dietary recall 0<10
10<16
16<24
24 <35
>35

3-d dietary record Q1

110-item FFQ and (times/week)
3-d dietary record 1None

2-3

4-6

>7
(Median g/d)

T1 (120)

T2 (222)

T3 (462)

137-item FFQ and
3-d dietary record

122-item FFQ (Median, g/d)
T1 (12:4)
T2 (141.7)
T3 (2237)

Little or none

<1/2 pint
1/2—1 pint
> 1Pint

None or rarely

<2-3/ month
<4-6/week
>once/d

FFQ and 24-h 1st quartile
dietary recall (rarely)

2nd quartile
(<1/week)

3rd quartile
(2—-6/week)

4th quartile
(>1/d)

FFQ and 1-week
dietary record

FFQ and 24-h
dietary recall

1-00

0-51

1-00
0-94
0-84
075
0-83

1.00
0-90
0-85

1-00
0-92
0-93

1.00
071
056
038
1:00
112
0-89
071

1.00

0-86

0-85

071, 1.72
0-89, 2.38
071, 2.22
057,270

071, 1.78
0-34, 0-92
024, 0-75
0-14, 0-58

0-44, 1-09
0-36, 0:92
0-29, 0-75
0-32, 0-83

078, 113
0-70, 1-02
069, 1-00
0-64, 0-88

077, 1.07
0-70, 1-02

226, 3:27
0-28, 3:00

0-18, 0-78
091, 1-39

073, 110
0-55, 0-93

069, 1.07
087, 140
0-68, 1-06

Sex, age, education, marital status,
smoking, physical activity, intake of
total energy content, alcohol, fat,
carbohydrates, protein, vegetables,
fruit, fruit juice, bread, cereals, rice,
meat, fish, eggs, fat, oil, sweets, Ca

Age, sex, race, energy intake per day,
study centre, baseline BMI,
educational level in years, alcohol,
smoking, units of daily physical
activity, use of vitamin supplement,
dietary fibre, protein

Age, centre, physical activity, level of
education, smoking, alcohol, drugs
for hypertension and
dyslipidaemia, energy, dieting, diet
quality index

Age, sex, physical activity, alcohol,
smoking, income, education, total
energy intake

Sex, age, leisure time physical activity,
BMI, smoking, use of
hypoglycaemia drugs, use of
hypolipidaemic drugs, use of
antihypertensive drugs, insulin
treatment, intake of vegetables,
fruit, legumes, cereals, fish, red
meat, cookies, olive oil, nuts,
alcohol, abdominal obesity,
hypertriacylglycerolaemia, low
HDL-cholesterol, hypertension,
high fasting plasma glucose

Age, sex, physical activity, smoking,
education level, alcohol, energy,
total fat intake, men only, fried
foods

Age, energy, social class, smoking

Age, sex, education level, income,
smoking, BMI, alcohol, physical
activity, energy, fat, Ca, fibre

Age, sex, BMI, education level,
smoking, physical activity, alcohol,
daily energy intake, daily fibre
intake
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Table 1. Continued

Liu et al1? Cross-sectional ~ USA >45 10066 100 NCEP-ATP IIl 131-ltem FFQ and  (servings/d) 1-00 Age, randomised treatment 15
1-week dietary Q1 (<0-13) 0-98 0-84, 116 assignment, smoking, exercise,
record Q2 (0-13-0-43) 1.07 0-87, 1-32 intake of total energy content, total
Q3 (0-44-0-93) 1.07 0-90, 1-27 fat, cholesterol, protein, alcohol,
Q4 (0-94-1.07) 0-85 0-71, 1.02 and multivitamins, parental history
Q5 (>1-08) of myocardial infarction before age
60 years, glycaemic load
Shin et al”) Cohort Korea 40-69 7240 499 Modified NCEP-ATP Ill  110-ltem FFQ and  (times/week) 1.00 Age, sex, physical activity, alcohol, 8
criteria with the 3-d dietary record None 0-92 0-77, 119 smoking, income, education,
exception of 1 0-88 0-73, 106 energy
abdominal obesity 2-3 0-83 0-69, 1-01
4-6 079 0-67, 0-92
Yogurt >7
Babio et al.('¥ Cohort Spain 55-80 1868 525 JIS 137-ltem FFQ and (Median, g/d) 1-00 Sex, age, leisure time physical activity, 6
3-d dietary T1(7) 0-88 0-74,1-04 BMI, smoking, use of
Record T2 (70) 077 0-65, 0-91 hypoglycaemia drugs, use of
T3 (127) hypolipidaemic drugs, use of
antihypertensive drugs, insulin
treatment, intake of vegetables,
fruit, legumes, cereals, fish, red
meat, cookies, olive oil, nuts,
alcohol, abdominal obesity,
hypertriacylglycerolaemia, low
HDL-cholesterol, hypertension,
high fasting plasma glucose
Kim®@2 Cross-sectional ~ Korea >19 4862 59 JIS FFQ and 24-h None or rarely 1.00 Age, sex, education level, income, 16
dietary recall <2-3/ month 0-88 0.73, 1-06 smoking, BMI, alcohol, physical
= 0.77 0-62, 0-95 activity, energy, fat, Ca, fibre
<4-6/week 071 048’ 1.05
>once/d e
Sayon-Orea et al.?® Cohort Spain 20-90 8063 658 Jis 136-ltem FFQ (g/week) 1.00 Age, sex, weight, energy, alcohol, soft 7
0-250 1.22 0-92, 1-62 drinks, red meat, french fries, fast
250<875 0-84 0-60, 1-18 food, adherence to the
>875 Mediterranean diet or another diet,

physical activity, sedentary
behaviour, hours sitting, smoking,
snacking between meals

NOS, Newcastle—Ottawa quality assessment; STROBE, Strengthening the Reporting of Observational studies in Epidemiology statement; BP, blood pressure; NCEP-ATP I, National Cholesterol Education Program, Adult Treatment Panel III.
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Total dairy foods and metabolic syndrome

Author Year OR/RR  95% Cl Weight (%)
Azadbakht et al. 2005 r—-v- 095 090,101 2085
Babio et al. 2015 — 093 087,099 1953
Drehmer et al. 2015 —!ﬁ—_ 096  0-80, 1-15 6-48
Huo Yung Kai et al. 2014 —_— 0-83  0-64,1-08 4.53
Liu et al. 2005 —..— 0-89 078,101 1148
Louie et al. 2012 _— 0-84 062,112 367
Lutsey et al. 2008 —..— 093 087,099 1937
Martins et al. 2015 ——0— 1-02 0-84, 1-23 5-60
Shin et al. 2013 —_—— 0-66  0-53,0-82 8-49
Overall (12=51-7 %, P=0-035) @ 091  0-85,0-96 100-00
1 1 1

01 0-5

1-0 1-5

RR per 200 g/d of total dairy foods

Milk and metabolic syndrome

Author Year OR/RR 95% Cl  Weight (%)
Babio et al. 2015 —— 093 086,101 29-96
Damiao etal. 2006 € > 103 0-05,19:17  0-01
Kim et al. 2013 —-— 073 060,087 1855
Kwon et al. 2010 ——-—— 094 080,110 1677
Liu et al. 2005 —_— 094 076,117  11-06
Shin et al. 2013 —*‘— 0-82 0-72,0-93 23:65
Overall (12=44-7 %, P=0-108) <> 0-87 079,095 100-00
1 1 1
0-1 05 1-0 15

RR per 200 g/d of milk

Yogurt and metabolic syndrome

Author Year OR/RR  95% Cl Weight (%)
Babio et al. 2015 0-82 0-71,0-93 57-29
Kim et al. 2013 072 0-56, 0-93  20-90

Sayoén-Orea et al. 2015

Overall (12=7-6%, P=0-339)

P -
—_—

- —

<> 082

— 0-92 075,112 21-81

0-73,0-91 100-00

01 05

1-0 1-5

RR per 100 g/d of yogurt

Fig. 2. The forest plot for the linear dose—response relationship between dairy food consumption (per increment of g/d) by subtype and the metabolic syndrome. RR,

relative risk.

(P=0-50). With regard to fat content of dairy foods, whole-fat
dairy product intake showed a significant inverse association
(RR=0-78; 95% CI 0-61, 0-96) with no significant heterogeneity
(P=29%, P=0-24), whereas low-fat dairy foods showed no
association. Only one study that provided the RR adjusted for
fruit and vegetable intake showed an inverse association
(RR=0-94; 95 % CI 0-91, 0-97) compared with the pooled RR of
the other studies (RR=0-80; 95 % CI 0-68, 0-92), and the results
of the meta-regression analysis showed that the difference was
significant (P=0-01). In addition, meta-regression analyses
showed that adjustment for alcohol, BMI or energy intake did
not contribute to heterogeneity (P> 0-2 for all comparisons). In

a sensitivity analysis, the pooled RR were in the range of 0-89
(95% CI 0-83, 0:95)-0-93 (95% CI 0-90, 0-96). When one study
with no adjustment for dietary factors” (e.g. adjustments for
dietary factors such as fat, protein, fibre, Ca, fruit, vegetable,
meat, fish and grain were made in other studies) was excluded,
the significance for heterogeneity disappeared (P=0-84), and
similar results were obtained (RR=0-93; 95% CI 0-90, 0-96).
Subgroup analyses for milk intake and the MetS found no
significant differences in study location (P>0-2 for all com-
parisons). With regard to study design, a cohort study design
showed a significant inverse relationship (RR=0-88; 95% CI
0-80, 0-97), whereas a cross-sectional study showed a not
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Table 2. Meta-analyses for dairy food consumption by subtype and the metabolic syndrome and its components

(Relative risks and 95 % confidence intervals)

Yogurt

Milk

Total dairy foods

P

n Heterogeneity P (%) P Pooled RR 95% Cl n Heterogeneity P (%) P Pooled RR 95% Cl n Heterogeneity /? (%)

Pooled RR 95% CI

100 g/d

073,091 3

200 g/d

079,095 6

200 g/d
9

091,097 17

Dose-response meta-analysis

0-34
0-00

7-6
815

0-82
0-84

011
0-00
0-03
0-90
0-07
015

44.7

0-87
0-90
0-88
0.97
0-94
0-95

0.04
017
0-00
0-37
0-74
0-99

51.7
2

0-85, 0-96

091
0-94
0-90
0-94
0-95
0-94

Metabolic syndrome
Hyperglycaemia

0-70, 0-98 9

88-6

14

0-79, 1-01
079,097 7

4.3

56-8

833

5

0-79, 1-00
091,097 10

Abdominal obesity

0-0
57-5

091,103 5

80

High blood pressure

0-82,1.07 4

0-0
0-0

5

0-92, 0-99
091,098 6

Hypertriacylglycerolaemia

Low HDL-cholesterol
Highest v. lowest meta-analysis

437

0-85,1.05 4

0-82
0-01
0-90

0-0
62-1

0-66, 0-88 3

0-77
0-80
0-74

0-15
0.00
0-08
0-84
0-62
0-01

36-1

069,087 7

0-78
0-90
0-83
0.92
0-90
0-89

0-00
013
0-06
0-55
0-54
0-78

71-8

0-66, 0-84 12

0-75
0-84
0-76
0-87
0-87
0-90

Metabolic syndrome
Hyperglycaemia

Dairy food intake and metabolic syndrome 381

067,093 9

73-9
46-2

0-80, 1-00 15

27-8

0-78,0-89 18

0-0

0-63,0-85 3

073,092 7

55-9

061,092 5

Abdominal obesity

00

0-82,1.02 4

00
0-0

9

0-80, 0-95
078,095 5

High blood pressure

0-0
72-8

081,098 4

Hypertriacylglycerolaemia
Low HDL-cholesterol

075,104 4

0-0

081,099 6

Table 3. Subgroup analyses of studies on the association of dairy food
(total dairy foods and milk) consumption and risk of the metabolic syn-
drome (MetS) included in dose—-response analysis

(Relative risks and 95 % confidence intervals)

Studies No. of studies RR  95% CI P*
Total dairy foods and the MetS
All studies 9 091 0-85, 0-96
Study design
Cohort 5 0-88 0-79,096 037
Cross-sectional 4 0-94 0-90, 0-99
Study location
Americast 4 0-93 0-88, 0-98
Asia 2 0-81 053,110 0-18%
Europe 2 092 0-87,0-98 0-54%
Oceania 1 0-84 062,112 045%
Quality assessment
Good 5 0-91 082,099 0-50
Others 4 091 0-86, 0-96
Fat content
Whole fat 4 078 061,096 012
Low fat 4 095 0-84, 1-07
Adjustment for confounders
Alcohol
Yes 6 0-88 0-79,0.97 0-34
No 3 0-94 0-90, 0-98
BMI
Yes 2 094 0-90,0-98 023
No 7 0-88 0-79, 0-96
Energy intake
Yes 8 090 0-83,096 0:95
No 1 0-93 0-87, 0-99
Fruit, vegetable intake
Yes 5 094 091,097 0-01
No 4 0-80 0-68, 0-92
Milk and the MetS
All studies 6 0-87 0-79, 0-95
Study design
Cohort 3 0-88 0-80,0-97 073
Cross-sectional 3 0-86 0-71, 1-01
Study location
Americast 1 1.03 0-05, 19-17
Asia 3 082 0-71,093 0-16§
Europe 2 093 0-86, 1:00 0-53§
Quality assessment
Good 4 0-82 0-73,092 0.05
Others 2 0-93 0-86, 1-00
Adjustment for confounders
BMI
Yes 3 0-87 0-74,1-00 0-37
No 3 0-84 0-75, 0-94
Energy intake
Yes 5 0-84 0-75,093 0-10
No 1 0-93 0-86, 1-01
Fruit, vegetable intake
Yes 1 093 086, 1-01 0-10
No 5 0-84 075, 0-93

* P values for heterogeneity between subgroups with meta-regression analysis.

1 Including USA and Brazil.

1 P value for difference in RR of total dairy food consumption for Asia v. Americas,
Europe v. Americas, Oceania v. Americas.

§ P value for difference in RR of milk consumption for Asia v. Americas, Europe v.
Americas.

significant relationship; however, the difference between them
was not significant (P=0-73). With regard to the quality
assessment of studies, studies with good quality (RR=0-82;
95% CI 0-73, 0-92) showed significant inverse associations,
whereas others showed a non-significant inverse association;

however, the difference was not significant (£=0-05).
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According to adjustment factors, no significant differences with
regard to BMI, energy intake and fruit and vegetable intake
were found based on the results of meta-regression analyses
(P>0-1 for all comparisons). In a sensitivity analysis for milk
intake and the MetS, the pooled RR were in the range of 0-84
(95% CI 075, 0-93)-0-90 (95 % CI 0-85, 0-90).

Subgroup analysis for yogurt intake and the MetS were not
conducted because only three studies were found.

Publication bias

There was no indication of publication bias for a dose-response
meta-analysis of total dairy food consumption and the MetS
(Egger’s P=0-12), milk intake and the MetS (Egger’s P=0-20) or
yogurt intake and the MetS (Egger’'s P=0-93).

Discussion

This meta-analysis of epidemiological studies including pro-
spective cohort studies and cross-sectional studies showed an
inverse relationship between specific types of dairy food
consumption and incidence or prevalence of the MetS. In a
dose-response meta-analysis, a one-serving increment of total
dairy food consumption was associated with a 9 % lower risk of
the MetS. In addition, a one-serving increment/d in milk and
yogurt consumption was related to a 13 and 18 % lower risk of
the MetS, respectively. Dairy food consumption was associated
with individual components of the MetS as well as the MetS.
Total dairy food consumption was inversely associated with the
components of the MetS such as hyperglycaemia, high blood
pressure, hypertriacylglycerolaemia and low HDL-cholesterol.
A one-serving increment/d of milk consumption was related to
a 12 % lower risk of abdominal obesity, respectively, and a one-
serving increment/d in yogurt consumption was related to a
16% lower risk of hyperglycaemia. This inverse association did
not vary in terms of study design, study location or adjustment
factors. These results suggest that specific types of dairy food
consumption such as milk and yogurt as well as total dairy
product intake were inversely linked to the MetS and its
components.

These results are consistent with the findings from previous
studies showing the effects of consumption of total dairy foods
or specific types of dairy foods on metabolic risk factors. A
meta-analysis of cohort studies showed an inverse association
between total dairy food consumption and the MetS"®
Increased total dairy food consumption has also been reported
to reduce abdominal obesity in a clinical trial“®. Another
meta-analysis of cohort studies showed an inverse association
between total dairy food consumption and the risk of
hypertension®”. Furthermore, a high intake of milk and yogurt
consumption was inversely related to risk of the MetS and
hypertriacylglycerolaemia in a cohort study™®. A systematic
review of intervention studies and a multi-centre study reported
that dairy foods improved insulin sensitivity™ and lipid
profiles®?.

Potential mechanisms explaining the beneficial effect of dairy
foods such as milk and yogurt on metabolic risk factors have

been suggested. Milk and yogurt have several nutrients such as
Ca and dairy proteins, which are known to have favourable
effects on health.Ca, which is abundant in milk and yogurt,
combines with fatty acids and bile acids in the intestine, thereby
increasing faecal fat excretion and/or inhibiting fat reabsorp-
tion®V. This can result in an improved ratio of HDL-cholesterol:
LDL-cholesterol®?. In addition, Ca might affect lipid profiles by
regulating intracellular Ca concentration. Well-regulated serum
Ca level through the intake of Ca from dairy foods decreases
intracellular Ca level and results in the inhibition of fatty acid
synthesis and stimulation of lipolysis®®. Milk proteins, such as
whey protein and casein, might be responsible for the bene-
ficial effects of dairy foods on blood pressure as they can regu-
late blood pressure via inhibition of angiotensin I-converting
enzyme and, as a result, by reducing angiotensin II, a potent
vasoconstrictor”®. In addition, specific amino acids from whey
protein, in particular branched-chain amino acids and dairy
protein-derived peptides, might play an important role in the
regulation of insulinaemia, blood pressure, dyslipidaemia and
fat accumulation®>>®,
associated with a lower risk of hyperglycaemia. This pheno-
menon could be partly explained by the fact that yogurt is a
good source of vitamin K,, which is synthesised by bacteria and
there only present in fermented dairy foods®”. Vitamin K, has
recently been linked to a reduced risk of type 2 diabetes®®. The
combined and synergic effects of various nutrients in dairy
foods might contribute to favourable effects on the MetS risk
factors.

Interestingly, low-fat dairy foods were not significantly linked
to risk of the MetS in the subgroup analysis. Low-fat dairy
product intake is associated with reduced saturated fat intake,
which could be protective against the components of the MetS
such as lipid profiles and insulin resistance!?. Possibly, the
favourable effect of low-fat dairy foods on the MetS might be
diminished because people consuming low-fat dairy foods
increased fat or carbohydrate intake from the diet, which may
affect metabolic risk factors. A recent clinical study is in-line
with our findings. Daily intake of low-fat dairy products for
8 weeks did not improve metabolic risk factors related to the

MetS except for a slight decrease in systolic blood pressure in
(59

Specifically, yogurt consumption was

obese subjects

The present meta-analysis has several strengths. To the best of
our knowledge, this is the first meta-analysis of epidemiological
studies to investigate the relationship between specific types of
dairy food consumption and the risk of the MetS and its com-
ponents. In addition, this study assessed a linear association
between the consumption of individual dairy foods and the risk of
the MetS using dose-response meta-analysis. All studies included
in the meta-analysis were of good quality according to quality
assessment, and most of the studies adjusted for critical con-
founders of the MetS such as age, sex, BMI, energy intake, alcohol
intake, smoking and physical activity.

The present study has some limitations. This meta-analysis
only included observational studies; thus, there is a possibility
of residual or unmeasured confounding factors, although we
used multivariable RR and adjusted for potential confounders,
and the subgroup analyses showed no significant difference in
terms of adjustment factors (study design, study location, BMI,
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alcohol, energy intake). Second, different criteria were used to
diagnose the MetS, and the studies included in this meta-
analysis used different methods for dietary assessment; the use
of different criteria or method might affect the strength of the
link between dairy food consumption and risk of the MetS and
its components. Third, we could not conduct a meta-analysis for
various types of dairy foods such as cheese because of the lack
of studies conducted.

In conclusion, the results from this dose-response meta-
analysis of prospective cohort studies and cross-sectional
studies showed that individual dairy food consumption such
as milk and yogurt as well as total dairy food consumption was
inversely associated with risk of the MetS and its components.
A meta-analysis on randomised clinical trials should be con-
ducted to provide strong evidence for the relationship between
individual dairy food consumption and risk of the MetS and its
components.
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