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Abstract

This cohort study examined the association between total and individual dairy products and the risk of developing the metabolic syndrome
(MetS) and its components in Korean adults from the Korean Genome and Epidemiology Study. We prospectively analysed 5510 participants
aged 40-69 years without the MetS at baseline during a 10-year follow-up period. Dairy consumption was assessed with a semi-quantitative
FFQ at baseline and after 4 years. The MetS was defined according to the criteria by the National Cholesterol Education Program Adult
Treatment Panel III. The Cox’s proportional hazard model was used to examine the association between consumption of total dairy products,
milk and yogurt in servings per week and the risk of incident MetS or individual components. A total of 2103 subjects developed the MetS
(38:2 %) during an average follow-up of 67-4 months (range 17-104 months). Frequent dairy consumption (>7 servings of total dairy and milk/
week, >4 servings of yogurt/week) was associated with a reduced risk of incident MetS and its components. In the multivariable adjusted
model, hazard ratios for the MetS were 0-51 (95% CI 0-43, 0-61) for total dairy products, 0-50 (95% CI 0-38, 0-66) for milk and 0-67 (95% CI
0-57, 0-78) for yogurt in frequent consumers compared with non-consumers. An inverse association between milk/yogurt and low HDL-
cholesterol was shown only in women. In conclusion, high consumption of individual dairy products including milk and yogurt as well as total

dairy were associated with a reduced risk of incident MetS and individual components in Korean adults.
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The metabolic syndrome (MetS) is a cluster of conditions,
including abdominal obesity, elevated blood pressure, hyper-
triacylglycerolaemia, hyperglycaemia and low HDL-cholesterol,
which together increase the risk of CVD and type 2 diabetes ™.
The prevalence of the MetS has rapidly increased world-
23 and diet plays an important role in the prevention and
management of the MetS”. A number of studies have explored
the association between dairy consumption and the risk of the
MetS. However, the relationship remains controversial because
of the inconsistency of the results. Some cross-sectional > and

. . 8 . L
prospectlve studles(7’ ® have shown an inverse association,
(9,100

wide

whereas others have shown no association

Although most studies propose the favourable effects of dairy
products on the risk of developing the MetS in Western popu-
lations, there is little evidence to draw a cause—effect relation-
ship between dairy consumption and the incidence of the MetS
in the Asian population. Generally, dairy consumption is much
lower in Asians, especially in Koreans because dairy foods are
not a part of the traditional Korean diet and 75 % of Koreans
have lactose intolerance®'". Recommendation for dairy food

intake is one serving per day for Korean adults"?. According to
the data from the Korea National Health and Nutrition Exam-
ination Survey, Korean adults consuming >1 serving of dairy
food/d was 27 %> and Korean adults consume milk (27 ser-
vings/week) more frequently than yogurt (1-3 servings/week)
D Furthermore, different types of dairy products
with a varying nutrient composition may have contributed to
these controversial results>1®. Only one prospective study
reported an inverse association between total dairy products
with the risk of the MetS in Korean adults"'”. However, the
study did not examine the effect of individual dairy products on
the risk of developing the MetS and the follow-up period was
relatively short. Furthermore, the effect of sex on the association
between dairy food intake and the risk of incident MetS has not
been investigated although some evidences have suggested sex
differences on the association between dietary factors and the
risk of chronic diseases including the MetS'®!. Therefore, the
present study explored the sex-stratified association of indivi-
dual dairy products such as milk and yogurt, with the risk of the
MetS and its components in middle-aged and older Korean

or cheese

Abbreviations: HR, hazard ratio; MetS, metabolic syndrome.
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adults using data from the Korean Genome and Epidemiology
Study (KoGES), a large community-based cohort study. We
hypothesised that frequent consumption of dairy products may
be associated with a reduced risk of the MetS and individual
components.

Methods
Study population

This study is a prospective, community-based cohort study with
data collected from the KoGES. KoGES began in 2001 and
sought to assess the effects of dietary, environmental and
lifestyle determinants on the incidence of chronic diseases such
as diabetes mellitus, hypertension and the MetS in the general
Korean population. Detailed information on the study proce-
dure was described in a previous report®”. In brief, 10030
Korean adults aged 40-69 years who lived in Ansan (urban) and
Ansung (rural) were recruited at baseline between 2001 and
2002. All participants completed interviewer-administered
questionnaires on demographic information, lifestyle including
dietary habits, their health condition, and medical history, and
also anthropometric measurements were acquired and bio-
chemical tests were conducted biennially. The study protocol
was approved by the Institutional Review Board of the Korea
Centers for Disease Control and Prevention, and informed
written consent was obtained from all participants. The present
study was based on the data from baseline through the fourth
follow-up examination between 2009 and 2010.

Of the original 10030 participants, 2977 participants had
the MetS at baseline, 747 participants refused to participate in
the follow-up examinations, 137 participants had CVD or cancer
and 659 participants did not complete the baseline or follow-up
FFQ; these participants were excluded from the study. In our
data, the ninety participants had very low or high energy intake
(<2092 or 20920k]J/d (<500 or >5000 kcal/d)). We included the
participants with unusually low or high energy intake in our
analysis because the exclusion of ninety subjects did not affect
the results. Thus, 5510 participants (2859 men and 2651
women) were entered into the analysis during the 10-year
period from 2001 to 2010, and a follow-up rate of 66% was
achieved, resulting in 30 947 person-years accrued. The average
follow-up period was 67-4 months.

Dietary assessment

At baseline and the second follow-up examination, dietary
intake was assessed by trained dietitians with a 103-item
semi-quantitative FFQ, which has been validated®". Total dairy
products included milk, yogurt and cheese. Participants were
asked to report usual frequency and portion size of dairy con-
sumption during the past year. The answer for frequency had
nine options for each food (never or almost never, once per
month, two to three times per month, one to two times per
week, three to four times per week, five to six times per week,
once per day, two times per day, three times per day). The
answer for portion size had three options for each food
(1/2 serving, 1 serving (standard), >2 servings). To enhance the

accuracy of serving size, pictures of dairy products and cup
models marked with 50, 100, 150 and 200 ml were used as
reference materials for serving sizes. One serving was equal to
200 ml of milk, 130 ml of liquid yogurt, 150 ml of solid yogurt
and 20g of cheese"'?. For analysis, dairy consumption was
converted to weekly frequencies and then multiplied by the
reported portion sizes of each food. To estimate whether
consuming more than a recommended level of dairy food
group (>7 servings/week) affect the incidence of the MetS
compared with consuming non-dairy food. Finally, dairy
consumption was categorised into five groups (never, <1, 1<
to <4, 4 < to <7, >7 servings/week) for total dairy and milk and
four groups (never, <1, 1 < to <4, >4 servings/week) for yogurt
because the number of subjects consuming yogurt frequently
was very small. The effect of cheese consumption on the
incidence of the MetS was not examined because most of the
participants never or rarely consumed cheese. For subjects who
acquired the MetS or were censored between baseline and the
second follow-up examination, intake of dairy products was
evaluated based on the FFQ at baseline; for those who acquired
the MetS or were censored after the second follow-up exam-
ination, intake of dairy products was evaluated based on the
average of FFQ at baseline and FFQ at the second follow-up.

Measurements

Height (cm) and body weight (kg) were measured to the
nearest 0-1 cm or 0-1kg in light clothes without shoes. BMI was
calculated as weight (kg) divided by height squared (m?). Waist
circumference was measured to the nearest 0-1cm at the
narrowest point between the lowest rib and iliac crest, and
the average of three repeated measurements was used in the
analysis. Blood pressure was measured with a Baumanometer
mercury sphygmomanometer (W.A. Baum) after subjects had
rested for 5 min in a sitting position. Systolic and diastolic blood
pressures were measured at phases I and V Korotkoff sound,
respectively, and were determined as the average of the both
arm readings. The blood samples were collected after at least
8h of fasting state and plasma was separated for biochemical
measurements. The concentrations of glucose, TAG and
HDL-cholesterol in plasma were measured enzymatically using
an autoanalyzer (ADIVA 1650; Bayer HealthCare).

Definition of the metabolic syndrome

We used the diagnostic criteria for the MetS based on the
National Cholesterol Education Program Adult Treatment
Panel III definition modified by the American Heart Association
and the National Heart Lung and Blood Institute®®®. According
to the criteria, the MetS was defined as the presence of three or
more of the following: abdominal obesity (waist circumference
>90cm in men or >80cm in women); elevated blood
pressure (systolic blood pressure >130 mmHg or diastolic blood
pressure >85mmHg or on antihypertensive medication or
physician’s diagnosis of hypertension); hyperglycaemia (fasting
blood glucose >5-6 mmol/l, current use of insulin, oral hypo-
glycaemic medication or physician’s diagnosis of diabetes
mellitus); hypertriacylglycerolaemia (TAG >1-7mmol/D; low
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HDL-cholesterol (HDL-cholesterol < 1-0 mmol/1
<1-3mmol/l in women).

in men or

Covariates

Educational levels were categorised into three groups: <6 years
(elementary school graduates), 7< to <12 years (high school
graduates) and >12 years (college graduates or more). Average
monthly household income was categorised into four groups:
<1 million KRW (approximately <850 USD at 2016), 1< to <2
million KRW (approximately 850< to <1700 USD), 2< to
<3 million KRW (approximately 1700< to <2500 USD) and
>3 million KRW (approximately >2500 USD). Smoking status
was classified as non-smoker, former smoker or current smoker.
Alcohol consumption was classified into three groups: non-
drinker, former drinker and current drinker. Physical activity
was assessed using metabolic equivalent of task (MET) hours
per day. To obtain MET, participants reported hours spent on
sleep and five types of activities classified according to activity
intensity including sedentary, very light, light, moderate and
heavy. Total MET-hours per day were calculated by multiplying
the reported hours spent by the MET values that were deter-
mined based on each type of activity'®. Daily nutrient intakes
such as energy, Ca and fibre were obtained from the semi-
quantitative FFQ, and calculated on the basis of the fifth edition
of Food Composition Table developed by Rural Development

Administration of Korea®®.

Statistical analysis

Statistical analysis were performed with SAS version 9.3 (SAS
Institute). Baseline characteristics are expressed as percentage
(categorical) or as means and standard deviation (continuous).
Comparisons of variables at baseline across total dairy product
consumption were analysed by the y* test for categorical data
and by the generalised linear models with post hoc Tukey’s HSD
(honestly significant difference) test for continuous data.
Multivariate adjusted Cox’s proportional
were conducted as a method for survival analysis to assess the
hazard ratios (HR) and 95 % CI for incident MetS and its com-
ponents during follow-up according to the consumption of total
dairy products, milk and yogurt either in categorical form or in
continuous form (dairy consumption as servings/week). We
used an average of dairy products intake calculated from
the two dietary measures instead of single measurement to
minimise within-subject variation in diet and well represent
long-term diet during follow-up®. The proportional hazard
assumption that the ratio of hazards is proportional and con-
stant over time was confirmed graphically using log-log plots(%)
and statistically based on Schoenfeld’s residuals®”
major violation of the assumption. In multivariable adjusted
model, model 1 was adjusted for age, sex, BMI, residential
location, educational level, household income, smoking status,
alcohol intake and physical activity as covariates and model 2
was adjusted for covariates included in model 1 plus nutrient
intakes such as energy and energy-adjusted Ca and fibre
using the residual method because dietary Ca and fibre have
been suggested to be associated with the risk of the Mets®*%”

hazard models

with no

Sex-stratified analyses were conducted to investigate the
association between dairy consumption and the risks of
the MetS and individual components of the MetS. To assess the
statistical significance for trends of the MetS risk across cate-
gories, the median consumption values for each category were
used as a continuous variable in the Cox’s proportional hazard
models.

Results

Among the 5510 participants, 2103 subjects developed the MetS
during the 10-year follow-up.

The baseline characteristics of the study participants
according to total dairy consumption is shown in Table 1.
Compared with non-dairy consumers, frequent dairy consumers
(>7 servings/week) were more likely to be younger male
residents of Ansan (urban area), be educated, to have higher
income and were less likely to be current smokers and be
physically active. Frequent dairy consumers had a lower waist
circumference, systolic and diastolic blood pressures, and TAG
level and a higher concentration of HDL-cholesterol compared
with non-dairy consumers. In addition, frequent dairy
consumers had a higher intake of non-dairy food group such as
vegetables, fruits and meat as well as nutrient such as energy,
energy from fat, Ca and fibre, and a lower intake of energy
from carbohydrates.

The associations between total dairy consumption and inci-
dence of the MetS and its components are summarised in
Table 2. Frequent dairy consumers had a 39 % lower risk of the
MetS than non-dairy consumers after adjusting for potential
confounders such as age, sex, BMI, residential location, edu-
cational level, income, smoking status, alcohol intake and
physical activity (HR 0-61; 95 % CI 0-52, 071, Pror trena < 0-0001).
The inverse association became even stronger after further
adjustment for nutrient intake such as energy, Ca and fibre (HR
0-51; 95% CI 043, 0-61, Py rena < 0-0001). Frequent total dairy
consumption was associated with a reduced risk of individual
MetS components (HR 0-51; 95 % CI 0-42, 0-63, Por trend < 0-0001
for elevated blood pressure; HR 0-54; 95% CI 0-45, 0-60,
Pror wena <0-0001 for hypertriacylglycerolaemia; HR 0-51; 95%
CI 0-43, 061, Pror trena < 0-0001 for hyperglycaemia) compared
with that of non-dairy consumers after adjusting for all con-
founding factors. We analysed sex-stratified association of total
dairy consumption with the risk of MetS components. Frequent
total dairy consumption was associated with lower risk of
incident abdominal obesity (HR 0-49; 95% CI 0-36, 0-65,
Pror twend <0-0001 for men; HR 0-45; 95% CI 0-33, 0-60,
Pror wena <0-0001 for women) and low HDL-cholesterol (HR
0-81; 95% CI 0-65, 1-00, Pio; yena=0-0438 for men; HR 0-44;
95% CI 0-35, 0-54, Pior trend < 0-0001 for women) in both sexes.
Except for abdominal obesity and low HDL-cholesterol, no sex
difference between total dairy consumption and the risk of
other MetS components was found (range of P values
< 0-0001-0-0054).

We also observed associations between individual dairy
products such as milk or yogurt and the risk of incident MetS
and its components (Tables 3 and 4). Frequent milk consumers
(>7 servings/week) had a 50% reduction in the risk of
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Table 1. Baseline characteristics of participants according to total dairy consumption (n 5510)
(Mean values and standard deviations; percentages)
Total dairy consumption (servings/week)*
None <1 1<to <4 4<to <7 >7
Mean SD Mean sD Mean SD Mean SD Mean sD P
n 649 906 1503 1199 1253
Age (years) 54.6° 9.4 52.6° 91 50-3° 84 50-0° 82 50-2° 83 <0-0001
Sex (% of female) 584 572 55.8 506 412 <0-0001
Residential location (%)
Ansan (urban area) 331 381 54.5 62-4 62-8 <0-0001
Ansung (rural area) 66-8 619 455 376 372
Educational level (%)
<6 years 48.0 35.9 26-1 207 206 <0-0001
7< to <12 years 44.2 52.6 58.0 609 623
>12 years 78 11.6 15.9 18-4 171
Household income (KRW/month) (%)
<1 million 491 41.6 302 236 224 <0-0001
1< to <2 million 27.3 30-6 30-8 28.8 334
2< to <3 million 131 15-1 206 23.0 213
>3 million 10-6 12.7 18-4 246 229
Smoking status (%)
Never 455 51.8 54.8 587 653 <0-0001
Former 18-4 15.6 175 181 13.6
Current 36-1 326 277 232 21-1
Alcohol intake (%)
Never 39.9 435 39-4 426 462 0-0024
Former 71 77 57 6-0 4.7
Current 53.0 48.8 54.9 514 491
Physical activity
MET-h/d 27.32 16.6 25.52 16-4 22.9° 14.9 22.1° 14.2 22.0° 141 <0-0001
BMI (kg/m?) 238 30 237 3.0 23.8 2.9 238 28 238 28 09118
Waist circumference (cm) 82.0° 7.8 80-9° 7.9 80-2°° 7.9 79.8%¢ 7.9 7919 80 <0-0001
Systolic blood pressures (nmHg) 12252 193 1184° 169 117.45° 17.0  115.3¢ 158  116.1°¢ 161 <0-0001
Diastolic blood pressures (mmHg) 80-52 11.6 78.6° 10-2 78.1b° 10-8 76.9¢ 10-5 77.2%4 106  <0-0001
Fasting blood glucose (mmol/l) 4.9 08 4.9 0-8 4.9 0-8 4.9 1.0 4.9 1.0 0-8430
TAG (mmol/l) 1.62 1.2 1.5° 1.0 1.4° 1.0 1.30¢ 09 1.3¢ 0-8 <0-0001
HDL-cholesterol (mmol/l) 1.330 03 1.32P 03 1.3° 03 1.330 03 1.42 03 00270
Food intake (servings/day)
Grains 322 1.3 3.32 1.4 3.22 1.3 312 11 312 1.3 00421
Vegetables 3.280 27 3.0% 23 3.6°° 27 3.9° 27 4.6° 42  <0-0001
Fruits 1.6% 2.0 1.82P 26 2.0° 27 2.1° 26 2.6° 34  <0-0001
Meat 0-5° 06 052 11 0.62° 06 0-7° 06 0-8° 11 <0-0001
Nutrient intake
Energy (kJ/d) 7317-8 2405-4 7383.9 26317 7999-8 27823 8455.9 2556-4 94307 38577
Energy (kcal/d) 1749.0% 5749 1764.8° 629-3 1912.8° 6651 2021.2° 611.2 2254.94 922.0 <0-0001
Percentage from energy
Carbohydrate 7442 78 7462 69 72.0° 65 70-0° 67 68.5¢ 69 <0-0001
Fat 12.62 57 12.72 51 14.5° 4.8 15.9° 5.0 17.0¢ 52 <0-0001
Protein 13.02 25 12.7° 2.2 13.5° 22 14.0¢ 22 14.4° 2.2 <0-0001
Ca (mg/d) 331.22 1814 32962 1736  421.7° 2009  534.0° 2174  706-3¢ 345.3 <0-0001
P (mg/d) 866-5° 3388 842.9° 3144  972.0° 357.3 1087.4° 3455 1283.7° 565-8 <0-0001
Na (mg/d) 3111.0%° 15898 2914.0° 16337 3090-9° 1593.8 3278.5° 1587.0 3595.3° 1884.5 <0-0001
K (mg/d) 2146-12 9482 2080-4° 986-5 2407-7° 10772 2662:7° 10709 31941¢ 15769 <0-0001
Fibre (mg/d) 6.5%° 3.0 6-3° 32 6-8%° 34 7.2° 34 8.0¢ 4.3 <0-0001

MET, metabolic equivalent of task.

abcde Mean values with unlike superscript letters indicates difference of variables among categories were examined by a generalised linear model (Tukey’s test of multiple

comparisons).

* One serving was equal to 200 ml of milk, 130 ml of liquid yogurt, 150 ml of solid yogurt and 20g of cheese.

developing the MetS (HR 0-50; 95% CI 0-38, 0-66, Pior wend <
0-0001) and individual components of the MetS such as elevated
blood pressure (HR 0-45; 95% CI 0-32, 0-62, Pio; yena < 0-0001)
hypertriacylglycerolaemia (HR 0-51; 95% CI 0-38, 0-69,
Pror wrena <0-0001) and hyperglycaemia (HR 0-44; 95% CI 0-33,
0-59, Pror trena < 0-0001) after adjustment for confounding factors

compared with non-milk consumers. In sex-stratified analysis,
frequent milk consumption was associated with a reduced risk
of abdominal obesity only in men (HR 0-64; 95 % CI 0-40, 1-02,
Pror wena=0-0115) and of low HDL-cholesterol only in women
(HR 0-56; 95% CI 0-42, 0-76, Pror trena < 0-0001) compared with
that of non-milk consumers.
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Table 2. Hazard ratios (HR) for incident metabolic syndrome (MetS) and its components according to total dairy consumption*
(HR and 95 % confidence intervals)

Total dairy consumption (servings/week)t

None <1 1<to <4 4<to <7 >7
HR 95% ClI HR 95% Cl HR 95% CI HR 95% Cl HR 95% Cl Pror trend
MetS (n 5510)
n 649 906 1503 1199 1253
n of cases 325 376 568 405 429
Model 1 1.00 063 054,074 067 058,077 062 053,072 061 052 071 <0-0001
Model 2 1.00 063 054,074 065 056,075 059 050,069 054 045 064 <0-0001
Men
n 379 518 839 607 516
n of cases 168 190 306 185 159
Model 1 1-00 068 055,084 073 060,089 062 050077 067 054, 084 0-0011
Model 2 1.00 068 055, 0-4 071 058,086 059 047,074 060 047,078 <0-0001
Women, n (n of cases)
Model 1 1.00 058 046,072 062 050,076 063 051,079 060 049, 074 0-0039
Model 2 1.00 057 045,071 060 049,074 060 048,075 053 042, 068 0-0002
Abdominal obesity (n 4702)
Total
n 542 773 1286 1042 1059
n of cases 226 235 394 309 311
Model 1 1.00 067 049,090 067 051,089 086 065 115 074 0-54,1.00 0-5217
Model 2 1-00 069 051,094 068 051,091 087 065 116 072 0-52,0-99 0-2896
Men
n 381 537 846 635 537
n of cases 128 130 221 134 115
Model 1 1-00 065 051,084 073 059,092 061 047,078 062 048,080 0-0009
Model 2 1.00 066 051,084 069 055,087 053 041,069 048 036,065 <0-0001
Women
n 161 236 440 407 522
n of cases 98 105 173 175 196
Model 1 1-00 061 046,081 054 041,070 066 050,085 050 0-38, 065 0-0002
Model 2 1.00 060 045,080 053 041,069 064 049,084 047 035 062 <0-0001
Elevated blood pressure (n 4335)
n 440 707 1178 1000 1010
n of cases 226 291 390 331 318
Model 1 1-00 063 052,075 060 050,071 066 055078 062 051,074 0-0006
Model 2 1.00 063 053,075 058 049,069 062 051,074 054 044,067 <0-0001
Men
n 239 368 567 437 378
n of cases 123 158 205 163 137
Model 1 1.00 068 053,086 063 050,079 066 052084 067 052 087 0-0176
Model 2 1-00 068 054,087 060 048,076 063 049,080 061 046,081 0-0016
Women
n 201 339 611 563 632
n of cases 1030 133 185 168 181
Model 1 1.00 056 043,074 055 042,070 064 050,083 058 045 075 0-0269
Model 2 1.00 056 043,074 053 041,068 060 046,079 050 0-37,067 0-0009
Hypertriacylglycerolaemia (n 4930)
n 576 814 1307 1054 1179
n of cases 277 298 473 358 385
Model 1 1-00 058 049,069 060 051,070 057 079,068 056 047,066 <0-0001
Model 2 1.00 058 049,069 060 051,070 058 049,069 055 046,067 <0-0001
Men
n 282 363 598 469 397
n of cases 136 128 542 166 148
Model 1 1-00 058 045,074 070 056,087 060 047,076 067 052,085 0-0158
Model 2 1.00 058 045,074 070 056,087 060 047,076 063 048,084 0-0054
Women
n 294 451 709 585 782
n of cases 141 170 228 192 237
Model 1 1-00 057 045,071 051 041,064 055 044,069 049 0-39,061 <0-0001
Model 2 1.00 057 045,072 052 041,065 056 044,071 051 039,066 <0-0001
Hyperglycaemia (n 6351)
n 740 1151 1733 1293 1434
n of cases 331 402 532 381 393
Model 1 1.00 058 049,069 060 051,070 057 049,068 056 047,066 <0-0001
Model 2 1-00 065 056,076 061 052,070 060 051,070 054 045,064 <0-0001
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Table 2. Continued

Total dairy consumption (servings/week)t

None <1 1<to <4 4<to <7 >7
HR 95% CI HR 95 % Cl HR 95% CI HR 95% CI HR 95 % CI Pior trend
Men
n 401 564 840 577 515
n of cases 205 228 312 211 171
Model 1 1-00 064 053,078 059 049,071 062 051,076 058 047,072 <0-0001
Model 2 1-00 064 053,078 057 047,068 058 047,071 050 0-39,063 <0-0001
Women
n 339 587 893 716 919
n of cases 126 174 220 170 222
Model 1 1.00 068 054,087 068 054,085 067 053,08 069 054,087 0-0330
Model 2 1-00 066 052, 0-5 066 052,083 063 049,082 060 046,079 0-0023
Low HDL-cholesterol (n 4896),
Total
n 662 844 1304 1016 1070
n of cases 434 513 747 554 625
Model 1 1-00 066 058,075 066 058,074 063 055072 063 055 072 <0-0001
Model 2 1.00 066 058,075 065 057,074 062 054,071 061 0-52, 0-71 <0-0001
Men
n 402 521 819 575 522
n of cases 223 267 422 256 258
Model 1 1.00 069 058,083 074 063,087 063 052,076 077 064,093 0-0162
Model 2 1-00 069 057,082 075 063,089 065 054,079 082 066,101 0-0542
Women
n 260 323 485 441 548
n of cases 211 246 325 298 367
Model 1 1-00 063 052,076 056 047,068 059 079,071 052 043,062 <0-0001
Model 2 1.00 062 051,075 055 045,066 056 046,068 047 0.38 058 <0-0001

* Model 1: adjusted for age, (sex), BMI, residential location, educational level, household income, smoking status, alcohol intake and physical activity; model 2: further adjusted for

nutrient intakes such as energy and energy-adjusted Ca and fibre.

1 One serving was equal to 200 ml of milk, 130 ml of liquid yogurt, 150 ml of solid yogurt and 20g of cheese.

Similarly, frequent yogurt consumption (>4 servings/week)
was associated with a 33 % reduction in the risk of developing
the MetS (HR 0-67; 95% CI 0-57, 0-78, Pror trena < 0-0001), and
individual components such as abdominal obesity (HR 0-64;
95 % CI 0-50, 0-81, Pro; trena < 0-0001), elevated blood pressure
(HR 0-70; 95% CI 0-59, 084, Pior trena <0-0001), hyper-
triacylglycerolaemia (HR 0-68; 95% CI 0-58, 0-80, Pior wend <
0-0001) and hyperglycaemia (HR 0-72; 95% CI 0-62, 0-84,
Pror trena <0-0001) compared with non-yogurt consumers. In
sex-stratified analysis, the risk of low HDL-cholesterol
decreased significantly according to increasing yogurt
consumption only in women (HR 0-61; 95% CI 0-51, 0-73,
Pror trena <0-0001).

When dairy consumption was included in the analysis as
a continuous form, total dairy consumption was associated with
a reduced risk of incident MetS (HR 0-95; 95% CI 0-90, 0-99,
Pror wena=0-0231), but it was not significantly associated
with individual components of the MetS (range of P values
0-0667-0-9674, data not shown).

Discussion

In this community-based prospective study with a 10-year
follow-up period, we found that frequent consumption of total
dairy products or milk (>7 servings/week) were inversely
associated a lower incidence of the MetS and all individual
components of the MetS including abdominal obesity

(only significant in men for milk), elevated blood pressure,
hypertriacylglycerolaemia, hyperglycaemia and low HDL-
cholesterol (only significant in women for milk) after adjust-
ment for age, sex, BMI, residential location, educational level,
income, smoking status, alcohol intake, physical activity and
nutrient intakes such as energy, Ca and fibre. Furthermore,
increased consumption of yogurt (>4 servings/week) was
associated with a lower incidence of all MetS components (only
significant in women for low HDL-cholesteroD) as well as the
MetS. The results suggest the beneficial effects of milk and
yogurt as well as total dairy products on the risk of the MetS.
Our findings are in line with those of other prospective studies
indicating an inverse association between dairy consumption and
the risk of the MetS. In a prospective study conducted in
Australian adults aged 49 years and over, higher consumption of
regular-fat dairy products was associated with a 59 % reduction in
the risk of the MetS after adjustment for age, sex, smoking status,
physical activity, family history of type 2 diabetes, dietary
glycaemic load and nutrient intakes including energy, Ca and
fibre"®. Fumeron et al® found that dairy consumption was
negatively associated with a lower incidence of the MetS in a
9-year follow-up cohort of 3435 French adults aged 30-65 years.
Likewise, a prospective study of 1868 Mediterranean participants
aged 55-80 years showed that subjects in the highest tertile of
low-fat dairy, low-fat milk and yogurt consumption had a lower
risk of incident MetS compared with those in the lowest tertile
after adjustment for risk factors during a median follow-up of 3-2
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Table 3. Hazard ratios (HR) for incident metabolic syndrome (MetS) and its components according to milk consumption* b
(HR and 95 % confidence intervals)
Milk consumption (servings/week)t
None <1 1<to <4 4<to <7 >7
HR 95% Cl HR 95% CI HR 95% Cl HR 95% Cl HR 95% Cl Pror trend
MetS (n 5510)
n 1441 1154 1595 1073 247
n of cases 660 435 543 386 79
Model 1 1-00 0-74 0-65, 0-83 0-70 0-62, 0-79 0-84 0-74, 0-96 0-63 0-49, 0-80 <0-0001
Model 2 1-00 0.72 0-64, 0-82 0-68 0-60, 0-77 077 0-66, 0-89 0-53 0-40, 0-70 <0-0001
Men
n 765 680 829 476 109
n of cases 315 238 275 146 34
Model 1 1-00 0-68 0-57, 0-80 0-73 0-62, 0-87 0-76 0-62, 0-92 0-71 0-50, 1-02 0-0031
Model 2 1-00 0-67 0-56, 0-80 0.72 0-60, 0-85 0-71 0-57, 0-89 0-64 042, 0-97 0-0004
Women
n 676 474 766 597 138
n of cases 345 197 268 240 45
Model 1 1-00 0-86 071, 1.04 073 0-62, 0-87 0-98 0-82, 1-17 0-61 0-44, 0-85 0-0374
Model 2 1-00 0-83 0-69, 1-01 0-70 0-59, 0-84 0-88 0-72, 1-08 0-51 0-35, 0-74 0-0034
Abdominal obesity (n 4702)
Total
n 1193 1004 1388 926 191 @)
n of cases 424 285 428 285 53 W
Model 1 1-00 0-82 0-63, 1-06 0-85 0-67, 1.07 1.21 0-94, 1.56 0-90 0-55, 1-59 0-4052 g5
Model 2 100 0-83 0-64, 1.08 0-86 0-67, 1-09 1.20 0-92, 1.58 0-84 0-49, 1.44 06247 =
Men 3
n 766 698 862 501 109 &
n of cases 222 162 204 115 25 :
Model 1 1-00 0-70 0-57, 0-86 0-79 0-65, 0-96 0-83 0-66, 1-04 0-76 0-50, 1-16 00099 &
Model 2 1.00 0-69 0-56, 0-85 0-76 0-62, 0-93 0-75 0-58, 0-97 0-61 0-38, 1-00 00083 =
Women
n 427 306 526 425 82
n of cases 202 123 224 170 28
Model 1 1-00 0-84 0-66, 1-06 0-90 074, 1-10 0-84 0-68, 1-04 0-67 0-44, 1.03 0-0598
Model 2 1.00 0-84 0-66, 1-06 0-90 073, 1-11 0-82 0-64, 1-04 0-64 0-40, 1-01 0-0717
Elevated blood pressure (n 4335)
n 1054 930 1298 852 201
n of cases 468 332 409 292 55
Model 1 1-00 071 0-61, 0-82 0-70 0-61, 0-80 0-87 0-75, 1.01 0-60 0-45, 0-79 0-0010
Model 2 1.00 0-70 0-61, 0-81 0-66 0-57, 0-76 0-78 0-66, 0-9 0-46 0-33, 0-63 <0-0001
Men
n 511 492 568 339 779
n of cases 234 191 203 132 26
Model 1 1.00 073 0-60, 0-88 0-70 0-57, 0-84 0-88 0-71, 110 0-65 0-43, 0-97 0-0278
Model 2 1.00 072 0-59, 0-88 0-67 0-55, 0-82 0-81 0-64, 1-03 0-54 0-34, 0-86 0-0013
Women
n 543 438 730 513 122
n of cases 234 141 206 160 29
Model 1 1.00 0-68 0-55, 0-85 0-70 0-58, 0-86 0-88 0-71, 1.08 0-59 0-40, 0-88 0-0316
Model 2 1.00 0-67 0-53, 0-83 0-64 0-52, 0-79 0-76 0-60, 0-97 0-42 0-26, 0-67 0-0003
Hypertriacylglycerolaemia (n 4930)
n 1286 1003 1437 969 265
n of cases 565 336 49 333 65
Model 1 1.00 0-61 0-53, 0-70 0-65 0-57, 0-74 0-73 0-63, 0-84 0-54 0-41, 0-70 <0-0001
Model 2 1.00 0-60 0-52, 0-69 0-65 0-57, 0-74 0-71 0-61, 0-84 0-52 0-38, 0-70 <0-0001
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Table 3. Continued

Milk consumption (servings/week)t

None <1 1<to <4 4<to <7 >7
HR 95 % CI HR 95% CI HR 95% CI HR 95 % CI HR 95% CI Pror trend
Men
n 554 467 638 371 79
n of cases 240 172 247 135 29
Model 1 1-00 0-65 0-53, 0-79 073 0-61, 0-87 0-79 0-64, 0-99 0-69 0-47, 1.03 0-0219
Model 2 1-00 0-64 0-52, 0-78 0.72 0-60, 0-87 0.76 0-60, 0-97 0-62 0-39, 0-98 0-0067
Women
n 732 536 799 598 156
n of cases 325 164 245 198 36
Model 1 1-00 0-59 0-48, 0-71 0-61 0-51, 0-72 0-70 0-58, 0-84 0-46 0-32, 0-65 <0-0001
Model 2 1.00 0-58 048, 0-71 0-61 0-51, 0-73 0-69 0-56, 0-86 047 0-31, 0-70 <0-0001
Hyperglycaemia (n 6351)
n 1734 1379 1806 1141 291 o
n of cases 653 437 532 352 65 53
Model 1 1-00 0.72 0-63, 0-82 073 0-65, 0-83 0-91 0-79, 1.04 0-54 0-42, 0-70 0-0002 2
Model 2 1.00 0.72 0-64, 0-82 0-70 0-62, 0-79 0-82 0-70, 0-95 0-45 0-33, 0-60 <0-0001 9
Men =}
n 799 718 819 459 102 z
n of cases 353 271 301 174 28 =}
Model 1 1-00 0-68 0-58, 0-80 0-69 0-59, 0-81 0-88 0.73, 1.07 0-49 0-33, 0-72 0-0011 B,
Model 2 100 0-69 0-59, 0-1 0-66 0-56, 0-77 0-80 0-65, 0-98 0-40 0-26, 0-63 <0-0001 g
Women o
n 935 661 987 682 189 2
n of cases 300 166 231 178 37 o
Model 1 1-00 0-80 0-66, 0-98 0-82 0-68, 0-99 0.97 0-80, 1-19 0-62 0-44, 0-88 00948 7
Model 2 1.00 0-80 0-65, 0-97 0-79 0-65, 0-5 0-87 0-70, 1-09 0-51 0-34, 0-77 00110 o
Low HDL-cholesterol (n 4896) a
Total =
n 1364 985 1393 933 221 <5
n of cases 859 564 781 536 133 &
Model 1 1.00 073 0-66, 0-82 0.75 0-68, 0-83 0-79 0-71, 0-89 0-78 0-65, 0-94 <0-0001 &
Model 2 100 073 0-65, 0-81 0-75 0-68, 0-83 0-80 0-70, 0-90 0-78 0-63, 0-98 <0-0001 5_
Men 2
n 773 655 828 474 109 8
n of cases 409 336 410 211 60 o
Model 1 100 0-80 0-69, 0-93 0-81 0-71, 0-94 0-81 0-68, 0-96 0-93 0-71, 1.23 0-0348
Model 2 1-00 0-80 0-69, 0-93 0-84 0-73, 0-97 0-86 0-72, 1.04 1.06 0-77, 1.46 0-1485
Women
n 591 330 565 459 112
n of cases 450 228 371 325 73
Model 1 1-00 0-66 0-56, 0-78 0-69 0-60, 0-80 0-75 0-65, 0-88 0-65 0-51, 0-85 <0-0001
Model 2 1-00 0-65 0-55, 0-77 0-68 0-58, 0-79 0-72 0-61, 0-86 0-60 0-44, 0-81 <0-0001

* Model 1: adjusted for age (sex), BMI, residential location, educational level, household income, smoking status, alcohol intake and physical activity; model 2: further adjusted for nutrient intakes such as energy and energy-adjusted Ca
and fibre.
1 One serving was equal to 200 ml of milk.
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Table 4. Hazard ratios (HR) for incident metabolic syndrome (MetS) and its components according to yogurt consumption*

(HR and 95 % confidence intervals)

Yogurt consumption (servings/week)t

None <1 1<to <4 >4
HR 95% CI HR 95% Cl HR 95% Cl HR 95% CI Pror trend
MetS (n 5510)
n 1471 1627 1589 823
n of cases 677 602 545 279
Model 1 1-00 0-68 0-60, 0-76 0-67 0-60, 0-76 0-70 0-60, 0-81 <0-0001
Model 2 1-00 0-68 0-60, 0-76 0-67 0-59, 0-75 0-68 0-58, 0-79 <0-0001
Men
n 875 882 744 358
n of cases 355 299 249 105
Model 1 1.00 072 0-62, 0-85 0-71 0-60, 0-84 0-69 0-55, 0-86 <0-0001
Model 2 1.00 0-72 0-61, 0-84 0-70 0-59, 0-82 0-67 0-53, 0-84 <0-0001
Women
n 596 745 845 465
n of cases 322 303 296 174
Model 1 1.00 0-63 0-54, 0-75 0-65 0-55, 0-76 0-72 0-59, 0-88 0-0003
Model 2 1.00 0-64 0-54, 0-75 0-65 0-55, 0-77 0-71 0-58, 0-87 0-0001
Abdominal obesity (n 4702)
Total
n 1270 1379 1372 681
n of cases 495 373 413 194
Model 1 1.00 0-56 045, 0-70 048 0-38, 0-60 0-76 0-57, 1-01 <0-0001
Model 2 1.00 0-56 045, 0-70 047 0-37, 0-60 0-73 0-55, 0-99 <0-0001
Men
n 896 903 776 361
n of cases 290 182 190 66
Model 1 1.00 0-57 0-47, 0-69 0-64 0-53, 0-77 0-54 041, 0-71 <0-0001
Model 2 1.00 0-56 0-46, 0-68 0-61 0-51, 0-74 048 0-36, 0-64 <0-0001
Women
n 374 476 596 320
n of cases 205 191 223 128
Model 1 1.00 0-60 049, 0-73 0-56 0-46, 0-69 0-65 0-52, 0-82 <0-0001
Model 2 1-00 0-60 049, 0-73 0-55 0-45, 0-68 0-64 0-51, 0-81 <0-0001
Elevated blood pressure (n 4335)
n 1079 1269 1321 666
n of cases 486 438 421 211
Model 1 1.00 0-66 0-58, 0-76 0-71 0-62, 0-82 0-73 0-62, 0-87 <0-0001
Model 2 1-00 0-67 0-58, 0-76 0-71 0-62, 0-81 0-71 0-59, 0-85 <0-0001
Men
n 568 604 555 262
n of cases 263 224 208 91
Model 1 1.00 0-67 0-56, 0-80 074 0-62, 0-90 0-74 0-58, 0-94 0-0048
Model 2 1-00 0-66 0-55, 0-79 073 0-61, 0-88 0-73 0-57, 0-94 0-0029
Women
n 511 665 766 404
n of cases 223 214 213 120
Model 1 1.00 0-67 0-55, 0-81 0-67 0-55, 0-82 0-74 0-58, 0-93 0-0041
Model 2 1-00 0-68 0-55, 0-82 0-68 0-55, 0-82 0-70 0-55, 0-90 0-0011
Hypertriacylglycerolaemia (n 4930)
n 1299 1473 1399 759
n of cases 568 513 464 246
Model 1 1.00 0-65 0-58, 0-74 0-65 0-57, 0-74 0-66 0-57, 0-78 <0-0001
Model 2 1-00 0-65 0-58, 0-74 0-66 0-58, 0-75 0-68 0-58, 0-81 <0-0001
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Table 4. Continued

Yogurt consumption (servings/week)t

None <1 1<to <4 >4
HR 95% CI HR 95% CI HR 95% CI HR 95 % CI Pror trend
Men
n 643 647 551 268
n of cases 287 230 211 95
Model 1 1.00 0-65 0-54, 0-77 0-70 0-58, 0-85 0-70 0-55, 0-89 0-0007
Model 2 1.00 0-65 0-545, 0-.77 0-70 0-58, 0-85 0-70 0-54, 0-90 0-0007
Women
n 656 826 848 491
n of cases 281 283 253 151
Model 1 1.00 0-65 055, 0-77 0-62 0-52, 0-73 0-65 0-53, 0-80 <0-0001
Model 2 1.00 0-66 055, 0-78 0-63 0-53, 0-76 0-69 0-56, 0-86 <0-0001
Hyperglycaemia (n 6351)
n 1632 1949 1813 957
n of cases 664 595 510 270
Model 1 1.00 0-66 059, 0-74 0-66 0-58, 0-74 0-75 0-65, 0-87 <0-0001
Model 2 1.00 0-66 0-59, 0-74 0-66 0-58, 0-74 0-73 0-62, 0-85 <0-0001
Men
n 877 910 763 347
n of cases 410 330 272 115
Model 1 1.00 0-63 0-54, 0-73 0-63 0-54, 0-74 0-68 0-55, 0-84 <0-0001
Model 2 1.00 0-63 0-54, 0-73 02 0-53, 0-73 0-66 0-52, 0-82 <0-0001
Women
n 755 1039 1050 610
n of cases 254 265 238 155
Model 1 1.00 0-70 059, 0-84 0-70 0-58, 0-84 0-84 0-68, 1-04 0-0445
Model 2 1.00 0-70 0-58, 0-84 0-70 0-58, 0-84 0-81 0-65, 1-02 0-0195
Low HDL-cholesterol (n 4896)
Total
n 1469 1421 1324 682
n of cases 910 814 759 390
Model 1 1.00 0-72 0-65, 0-79 0-74 0-67, 0-82 0-74 0-65, 0-84 <0-0001
Model 2 1.00 0-72 0-65, 0-79 0-75 0-67, 0-83 075 0-66, 0-85 <0-0001
Men
n 911 862 718 348
n of cases 471 424 364 167
Model 1 1.00 0-80 0-70, 0-91 0-84 073, 0-97 0-89 0-74,1-07 0-0851
Model 2 1.00 0-79 0-69, 0-91 0-85 0-73, 0-98 091 0-76, 1-11 0-1207
Women
n 558 559 606 334
n of cases 439 390 395 223
Model 1 1.00 0-64 0-56, 0-74 0-63 0-55, 0-73 0-62 0-53, 0-74 <0-0001
Model 2 1.00 0-64 0-55, 0-73 0-63 0-55, 0-73 0-62 0-52, 0-74 <0-0001

* Model 1: adjusted for age, (sex), BMI, residential location, educational level, household income, smoking status, alcohol intake, and physical activity; model 2: further adjusted for nutrient intakes such as energy and energy-adjusted Ca

and fibre.

1 One serving was equal to 130 ml of liquid yogurt and 150 ml of solid yogurt.
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years. In addition, high consumption of whole-fat yogurt was
associated with a reduced risk of all of the individual compo-
nents of the MetS as well as the MetS in itself, which is similar to
our results®,

In contrast, the results of some studies are not fully consistent
with our findings®*?Y. In a cross-sectional study of Brazilian
adults aged >35 years, for example, no association between
frequent dairy consumption and the prevalence of the MetS was
observed®”. Pereira et al.®*" found an inverse relationship
between dairy consumption and incidence of the MetS among
overweight subjects, but not among subjects with normal
weight. The discordant results from these studies may be
attributable to differences in the definition of the MetS, study
population and study design.

Several potential mechanisms for the favourable effect of
dairy products on metabolic risk factors have been proposed.
Various nutrients from dairy products including Ca and dairy
protein may synergistically protect against all MetS components.
Ca in milk products combine with fatty acids and bile acids in
the gut, thereby increasing fecal fat excretion and/or inhibiting
fat reabsorption®®. As a result, this can improve the ratio of
HDL-cholesterol:LDL-cholesterol®**?. An intervention study
reported that unlike Ca from supplements, Ca from milk or
yogurt reduced postprandial TAG levels in healthy male
subjects aged 18-50 years old, suggesting dairy Ca reduces
fat absorption®”. Dietary Ca also reduces blood pressure via
suppression of 1,25-dihydroxyvitamin D, which increases
intercellular Ca in vascular smooth muscle cells®®.

Dairy proteins may have antihypertensive properties as
well. Casein and whey protein, the major proteins in dairy,
may regulate blood pressure via inhibition of angiotensin
I-converting enzyme, which converts angiotensin I to angio-
tensin II, a potent vasoconstrictor®”. Pal & Ellis®® showed that
supplements with 54g/d of casein and whey protein for
12 weeks significantly decreased blood pressure compared with
the placebo group in overweight and obese subjects. Further-
more, fasting TAG and insulin resistance were significantly
decreased at week 12 in the whey protein supplemented group
compared with the casein or control group®”. The insulino-
tropic effect of whey protein may be associated with specific
amino acid composition, in particular branched-chain amino
acids such as leucine, isoleucine and valine. A mixture of
branched-chain amino acids can result in a glycaemic and
insulinaemic response that is similar to those seen after whey
ingestion in a healthy person“®. Dairy protein-derived peptides
may play an important role in preventing the MetS by regulating
insulinaemia, blood pressure, dyslipidaemia and fat accumula-
tion™?. Despite beneficial effects of various components, dairy
products have a high proportion of SFA, which have
been shown to have harmful effects on metabolic health®?.
However, the effect of dairy fat on metabolic risk factors is
controversial . Recent studies suggest that dairy fat has
different effects depending on the type of dairy products and
composition of macronutrients in the meal**

In our study, yogurt consumption was inversely associated with
the risk of the MetS and all components including abdominal
obesity, unlike milk. Although yogurt is nutritionally similar to
milk, added ingredients (protein, vitamins and minerals) and

fermentation may improve its nutritional value and enhance the
bioavailability of some minerals such as Ca, Mg and Zn by
inducing an acidic environment*>4?. Recent studies showed that
high consumption of yogurt was associated with a reduced risk of
obesity and the MetS“7*® Probiotic bacteria from yogurt bene-
ficially influence the balance of gut microbiota. Gut microbiota
are considered to play an important role in the development of
obesity and obesity-related low-grade inflammation®”. Bacteria
from yogurt ferment indigestible carbohydrates and produce
SCFA, which will alter cholesterol synthesis. In addition, some
bacteria can bind bile acids to cholesterol and resulting in the
excretion of bile acid—cholesterol complexes in the feces®®.

Interestingly, an between dairy
consumption and risk of low HDL-cholesterol was shown only
in women regardless of dairy food type. Sex might play a role as
an influencing factor on the association between diet and
disease risk®. The sex difference may be associated with sex
hormones. For example, oestrogen enhances fat transport and
increases the levels of lipoproteins in the blood, whereas
androgen has the opposite effect of oestrogen®?. Therefore,
lipid levels could be differently regulated between men and
women. Moreover, the lipid levels may respond more sensitive
to dietary changes in women than in men®®. In this study,
changes in lipid metabolism caused by sex hormones might
have contributed to a greater association between dairy con-
sumption and the risk of low HDL-cholesterol in women.

Our study has several strengths. The relatively long period of
follow-up may be helpful to evaluate the relationship between
dairy consumption from the habitual diet and the incidence of
the MetS. Furthermore, the use of average consumption in dairy
intake from baseline and follow-up FFQ could minimise the
random measurement error caused by within-person variation
and dietary changes during follow-up. Finally, multiple
confounders that might influence the association between dairy
consumption and the MetS such as lifestyle factors including
nutrient intakes were adjusted for analysis.

The present study has some limitations. First, we could not
clarify the effect of dairy subtypes with different fat content on
the risk of developing the MetS. Second, this cohort was
composed of middle-aged Korean adults, so caution should be
used when generalising our findings to other age groups. Third,
we have not examined the use of cholesterol medication.
Finally, although we extensively adjusted for potential con-
founding factors of MetS risks, the residual confounding factors
which were not considered in the analysis might affect the
metabolic risks associated with dairy consumption.

In conclusion, frequent consumption (>7 servings/week) of
total dairy products and milk was associated with a lower 10-year
incidence of the MetS, abdominal obesity (only significant in men
for milk), elevated blood pressure, hypertriacylglycerolaemia, and
hyperglycaemia, and increased consumption (>4 servings/week)
of yogurt was associated with a lower incidence of the MetS
and all individual components in the middle-aged and older
Korean adults. Frequent dairy consumption (milk and yogurt)
was associated with lower risk of low HDL-cholesterol only in
women. Further studies should be conducted to investigate the
effect of dairy subtypes with different fat contents on metabolic
risk factors.

inverse association
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