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Abstract
Aims  This cohort study examined the association of total and individual dairy products with the risk of incident MetS and 
its components in children and adolescents.
Methods  We prospectively assessed 531 participants aged 6–18 years without the MetS at baseline during an average 6.6-
year follow-up period. Dairy consumption was estimated with a valid and reliable food frequency questionnaire. The MetS 
was defined according to the Cook criteria. The multivariable regression model was used to calculate the odds ratio (OR) 
for incident MetS associated with the consumption of dairy products.
Results  The incidence of MetS was 9.8% after an average 6.6-year follow-up. After adjusting for potential confounders, OR 
(95% confidence interval) for incident MetS was 0.48 (0.23–1.00) for total dairy, 0.44 (0.21–0.92) for low-fat dairy, 0.46 
(0.22–0.98) for low-fat milk, and 0.45 (0.21–0.97) for low-fat yogurt when comparing participants in the highest versus low-
est tertile. A moderate intake of regular cheese was associated with decreased risk of MetS (OR = 0.43, 95% CI: 0.19–0.97). 
Replacing one serving/day of total dairy with nuts was associated with a lower (OR: 0.63, 95% CI: 0.42–0.95), whereas 
replacement by red and processed meat was associated with higher (OR: 1.55, 95%CI: 1.21–1.97) MetS risk. No significant 
association was found between high-fat dairy and MetS risk.
Conclusions  Higher consumption of dairy products, particularly low-fat milk and yogurt, was associated with reduced risk 
of incident MetS, suggesting the capability of low-fat dairy products in the primary prevention of MetS in children and 
adolescents.
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Introduction

The metabolic syndrome (MetS), described by the cluster-
ing of cardiometabolic risk factors that include anthropo-
metric and physiological parameters, appears to be caused 
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through pathophysiological processes related to insulin 
resistance [1]. The prevalence and incidence of MetS has 
increased rapidly around the world [2, 3]. The prevalence 
of MetS in Iranian adolescents increased from 4.1% in 
1990 to 7.6% in 2018 [4, 5]. In addition to higher pres-
ence of mental health disorders, non-alcoholic fatty liver, 
and obstructive sleep apnea in later childhood or adoles-
cence [6], the evidence indicates that MetS and obesity 
in children and adolescents are strong predictors of future 
type 2 diabetes, insulin resistance, and cardiovascular dis-
eases in adulthood [7, 8]. Although the etiology of the 
disease is not well known, dietary and lifestyle pattern 
are recognized as the leading modifiable risk factors that 
appear to have a substantial effect on its development [9]. 
From a nutritional point of view, various healthy dietary 
patterns and particularly some food groups, such as dairy 
products, may have a beneficial impact on MetS preven-
tion in adults [10], but the evidence in children and ado-
lescents is limited.

Dairy products have a desirable ratio of nutrient den-
sity to energy density [11] and supply protein and some 
micronutrients, especially calcium, in a regular diet. 
However, inclusion of dairy as part of a healthy diet and 
the effects of milk, yogurt, and cheese on health and lon-
gevity is controversial [12]. There are major differences 
in the components of individual dairy products that may 
alter their role in metabolic health. Diverse profiles of 
fatty acids and total content in each dairy food may influ-
ence the risk of MetS progression as well. Although die-
tary guidelines recommend to eat low or reduced fat dairy 
products, recent evidence casts doubt on the detrimental 
effect of dairy fat on metabolic health, indicating there is 
neutral or inverse association between full-fat dairy con-
sumption and cardiometabolic health outcomes [13, 14]. 
The presence of lactic acid bacteria in fermented products 
such as yogurt and cheese, in addition to the content of 
specific saturated fatty acids (SFA), has distinct effects on 
cardiometabolic disease and insulin resistance [15, 16].

Contrary to the results of a cross-sectional study illus-
trating an inverse relationship between dairy consumption 
and abdominal obesity [17], Matthews et al. demonstrated 
that dairy consumption doubles the risk of obesity among 
children and adolescents [18]. A recent meta-analysis of 
prospective cohort studies reported a 23% reduction in 
the incidence of MetS with dairy product intakes in adults 
[19]. However, to our knowledge, no previous longitudi-
nal study has examined the association of dairy products 
with the incidence of MetS in children and adolescents. 
Therefore, we aimed to investigate the association of total 
and individual dairy food consumption with the incidence 
of MetS among children and adolescents.

Materials and methods

Study population

We conducted the current study within the framework of 
the Tehran Lipid and Glucose Study (TLGS), which is 
an ongoing community-based prospective investigation 
aiming to evaluate the risk factors for non-communicable 
diseases. The baseline survey was a cross-sectional study 
(1999–2001), and participants are monitored every 3 years 
[20].

In the fourth examination survey of the TLGS 
(2009–2012) of 12,523 participants who had complete 
medical history and physical examination data, a rep-
resentative sample of 7956 participants was randomly 
selected for dietary assessment. There were 829 children 
and adolescents aged 6–18 years with complete nutritional 
data.

Participants who had missing data on MetS components 
(n = 10) were excluded. Furthermore, participants with 
over- or underreporting energy intake, i.e., those in the top 
and bottom 1% of the energy intake to estimated energy 
requirement (EER) [21] ratio (n = 9), were also excluded. 
Depending on outcome variables under analysis, partici-
pants were also excluded if they presented that outcome 
at baseline: (MetS, n = 91; hypertension, n = 72; high tri-
glycerides (TGs), n = 144; low high-density lipoprotein 
cholesterol (HDL-C), n = 84; high fasting plasma glucose 
(FPG), n = 89; or abdominal obesity, n = 189). Some par-
ticipants fell into more than one category of exclusion; the 
final sample size varied by the following outcomes: MetS 
(n = 531), hypertension (n = 517), high TGs (n = 449), low 
HDL-C (n = 509), high FPG (n = 504), and abdominal obe-
sity (n = 412). Data from the sixth survey of the TLGS 
(response rate: 82%) were used to evaluate the incidence 
of MetS and its components after a mean 6.6 years of 
follow-up.

Protocols of this study were approved by the institu-
tional ethics committee of the Research Institute for Endo-
crine Sciences, affiliated to the Shahid Beheshti University 
of Medical Sciences, and written informed consent was 
obtained from participants’ parents.

Measurements

Dietary measurements

A valid and reliable semi-quantitative food frequency 
questionnaire (FFQ) was applied to assess the habitual 
dietary intake of children and adolescents at the baseline 
[22–24]. The relative validity of the FFQ for measuring 
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dairy intake has been previously reported, and it shows a 
reasonable correlation with estimates from dietary records. 
Trained dietitians asked participants during a face-to-face 
interview to determine their consumption frequency for 
each food item consumed during the previous year on a 
daily, weekly, or monthly basis. Mothers were asked about 
the type and quantity of meals and snacks when children 
had difficulties or were unable to recall. Portion sizes of 
consumed foods that were reported in household measures 
were then converted to grams. To assist with determining 
portion size, interviewers provided photographs of house-
hold portions of each food item.

The questionnaire items for dairy products included low-
fat milk, whole milk, low-fat yogurt, high-fat yogurt, regular 
cheese, cream cheese, and ice cream. The standard serving 
sizes were 240 mL for low-fat milk and whole milk; 120 mL 
for yogurt and ice cream; 220 mL for low- or high-fat yogurt, 
and 30 mL for cream cheese and regular cheese. Further-
more, we summed low-fat milk (< 2% of total fat content) 
with low-fat yogurt (< 2% of total fat content) and labeled as 
low-fat dairy, and high-fat yogurt (≥ 3% of total fat content), 
high-fat milk (≥ 3% of total fat content), ice cream, regular 
cheese, and cream cheese labeled as high-fat dairy.

Measurements of covariates

Physical activity (PA) was estimated by the Modifiable 
Activity Questionnaire (MAQ), and metabolic equivalent 
task (MET) minutes per week was calculated. The Persian-
translated MAQ in adolescents showed high reliability 
(97%) and moderate validity (49%) [25]. A low level of PA 
was considered as MET < 600 min/week.

Weight was recorded in light clothing to the nearest 
0.1 kg on a SECA digital weighing scale (Seca 707; Seca 
Corporation, Hanover, Maryland; range 0.1–150 kg), and 
height was measured without shoes to the nearest 0.1 cm. 
Waist circumference (WC) was measured to the nearest 
0.1 cm using a non-elastic tape over light clothing, mid-
way between the iliac crest and the lowest rib in a standing 
position. Arterial blood pressure (BP) was measured with a 
suitable cuff size for each participant, after a 15-min rest in a 
supine position. Systolic- (SBP) and diastolic blood pressure 
(DBP) were measured, and the average of two measurements 
was recorded as the participants’ BP.

A blood sample was drawn after 12–14-h overnight fast. 
Fasting plasma glucose was measured on the day of blood 
collection by the enzymatic colorimetric method, using glu-
cose oxidase. Serum TGs concentration was measured by 
commercially available enzymatic reagents (Pars Azmoon, 
Tehran, Iran), adapted to a Selectra auto analyzer. HDL-C 
was measured after precipitation of the apolipoprotein 
B-containing lipoproteins with phosphotungstic acid and 
evaluated using Pars Azmoon kits. Inter- and intra-assay 

coefficients of variations at baseline were 2.2% for FPG, 2.0, 
and 0.5% for HDL-C and 1.6 and 0.6% for TGs, respectively.

Definitions

In children and adolescents, MetS was defined according 
to the definition proposed by Cook et al. [26] as three or 
more of the following: WC ≥ 90th percentile for age and 
sex, according to national reference curves [27]; SBP and 
DBP ≥ 90th percentile for sex, age, and height (the National 
Heart, Lung, and Blood Institute’s recommended cut-points)  
[28], and FPG ≥ 100 mg/dl (American Diabetes Associa-
tion) [29]. Fasting TGs ≥ 110 mg/dl; HDL-C < 40 mg/dl; 
In subjects aged > 18  years after follow-up, MetS was 
defined according to the joint interim statement [30] as the 
presence of any 3 of 5 risk factors following: (i) Enlarged 
WC (≥ 95  cm according to the newly introduced cut-
off points for Iranian adults for both genders) [31]; (ii) 
FPG ≥ 100 mg/dl or use of hyperglycemic medication; (iii) 
Fasting TGs ≥ 150 mg/dl or use of antihypertriglyceridemia 
medication; (iv) Fasting HDL-C < 50 mg/dl for women 
and < 40 mg/dl for men or drug treatment; and (v) High BP 
was defined as SBP ≥ 130 mm Hg, DBP ≥ 85 mm Hg, or 
antihypertensive drug treatment.

Statistical analysis

All dietary exposures were adjusted for total energy using 
the residual method [32]. The Kolmogorov–Smirnov test 
and histogram were applied to determine the normality of 
the quantitative variables. Continuous variables were pre-
sented as the mean (standard deviation (SD)) or median 
(inter-quartile 25th and 75th), whereas categorical data were 
presented as percentages. Energy-adjusted dairy intake and 
its subgroups were categorized into tertiles. Linear regres-
sion and chi-square were used to test the trend of continuous 
and categorical variables, respectively, across the tertile of 
total dairy intakes.

We applied multivariable regression models to estimate 
the odds ratio (OR) and 95% confidence interval (CIs) 
across categories of total dairy consumption with the risk 
of incident MetS, abdominal obesity, high FPG, high TGs, 
low HDL-C, and hypertension. For all outcomes, the basic 
model was adjusted for age in years. Consequently, we fur-
ther adjusted for family history of diabetes, PA, total energy 
intake, and sex. We additionally adjusted for some dietary 
covariates, including percent of energy from protein and car-
bohydrate along with whole-grain consumption. We mod-
eled dairy exposures as categorical variables and tested for 
a trend by modeling the median value within each category 
as a continuous variable. The interaction terms between age 
(grouped as from 6 to 12 years and from 13 to 18 years), sex 
(girl, boy), and PA (low, moderate, and vigorous), and total 
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dairy consumption on the incidence of MetS were examined. 
No interaction was found between considered covariates and 
total dairy intake on the outcome in the final models.

We estimated the effect on MetS risk of increasing the 
intake of one serving per day of nuts, legumes, whole grain, 
poultry and fish, egg, or red and processed meat while con-
comitantly decreasing the dairy consumption, using substitu-
tion modeling. Thus, the difference in regression coefficients 
was used to estimate ORs for the substitution and covariance 
to estimate the 95% CIs. Statistical significance was set at 
P < 0.05. All statistical analyses were performed using the 
SPSS software (version 15.0; SPSS Inc, Chicago, IL).

Results

The average age of the population was 12.3 (3.1) years; 
49.2% were girls, and 81% had low physical activity. The 
average dairy consumption was 2.8 serving/day. Among 
the 531 participants without MetS at baseline, there were 
52 (9.8%) cases of incident MetS over an average 6.6-
year follow-up. Baseline clinical and dietary characteris-
tics of participants are presented across tertile categories 

of energy-adjusted dairy consumption in Table 1. In trend 
analyses from the lowest to the highest tertile category of 
dairy consumption, and those in the highest category were 
more likely to be younger. With increasing total dairy intake, 
intake of whole grains and percent of energy from carbo-
hydrate tended to be lower. In contrast, intake of percent of 
energy from fatty acids, SFA, protein as well as consumption 
of low- and high-fat dairy tended to be higher.

Risk of incident MetS in those with normal status at 
baseline, according to total dairy consumption, is pre-
sented in Table 2. In the basic model, adjusted for age, 
increasing total dairy consumption was associated with 
a 55% lower risk of incident MetS (lowest (reference) 
compared with the highest intake, OR: 0.45, 95% CI: 
0.22–0.94; P-trend = 0.029). This association remained 
after adjusting for sex, total energy intake, physical 
activity, and family history of diabetes (OR: 0.48, 95% 
CI = 0.23–1.00, P-trend = 0.042), and even after addi-
tionally adjusting for dietary factors (OR: 0.41, 95% 
CI = 0.19–0.88, P-trend = 0.018). In the final model, a 
1 serving/day increase in dairy consumption was asso-
ciated with lower MetS risk (OR: 0.68, 95% CI = 0.51 
–0.92). In the fully adjusted model, low-fat dairy intake 

Table 1   Baseline characteristics of children and adolescents according to tertiles of total dairy consumption: Tehran Lipid and Glucose Study

Data represented as mean ± SD or median (IQ 25–75) for continuous variables and percentage for categorically distributed variables.
a Based on linear regression models for continuous variables and chi-square for categorical variables.

Tertiles of total dairy consumption P for trenda

T1 (n = 178)
 < 2.16

T2 (n = 177)
2.17–3.18

T3 (n = 176)
 > 3.19

Median intake (serving/d) 1.70 2.61 4.07
Age (years) 12.9 (3.15) 12.2 (3.2) 12.0 (3.0) 0.013
Girls (%) 50.6 44.4 52.5 0.559
Systolic blood pressure (mmHg) 99.9 (12.4) 97.3 (11.5) 98.6 (11.4) 0.906
Diastolic blood pressure (mmHg) 64.4 (11.5) 63.5 (10.5) 63.0 (10.2) 0.517
Triglycerides (mg/dl) 77.5 (61.0–99.0) 78.0 (61.0–106.0) 76.0 (62.0–98.0) 0.799
Fasting plasma glucose (mg/dl) 91.8 (6.9) 91.6 (6.9) 92.1 (6.3) 0.677
High-density lipoprotein (mg/dl) 53.5 (10.1) 54.5 (11.0) 52.3 (10.8) 0.077
Low physical activity (%) 79.9 81.3 82.6 0.849
Family history of diabetes (%) 4.5 5.5 1.1 0.185
Daily dietary intakes
 Total energy (kcal) 2967 (1367) 2625 (822) 3015 (1115) 0.685
 Total fat (% energy) 30.8 (6.5) 31.4 (6.1) 32.4 (5.8) 0.006
 Saturated fatty acids (g) 9.3 (2.8) 10.7 (2.6) 12.2 (3.1)  < 0.001
 Protein (% energy) 13.7 (2.7) 14.2 (2.6) 14.9 (2.9)  < 0.001
 Carbohydrate (% energy) 58.9 (6.6) 57.9 (6.2) 56.2 (6.4)  < 0.001
 Fruit (serving/d) 2.9 (3.2) 2.8 (2.4) 3.2 (3.5) 0.423
 High-fat dairy (serving/d) 0.74 (1.02) 0.95 (0.97) 1.59 (1.00)  < 0.001
 Low-fat dairy (serving/d) 1.3 (1.6) 1.7 (1.7) 2.7 (2.4)  < 0.001
 Meat and processed meat (serving/d) 0.56 (0.69) 0.68 (0.83) 0.63 (0.70) 0.393
 Whole grain (serving/d) 2.9 (6.3) 1.89 (2.8) 1.7 (2.2) 0.007
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was inversely associated with incident MetS (highest com-
pared with the lowest tertile, OR: 0.44, 95% CI: 0.21–0.92; 
P-trend = 0.023). Furthermore, one serving/day increase 
in low-fat dairy consumption in a diet was marginally 
associated with decreased MetS risk (OR: 0.74, 95% 
CI = 0.54–1.02).

We further evaluated associations of types of dairy 
products with risk of incident MetS (Table 3). After con-
trolling for considered confounding factors, higher low-fat 
milk consumption was associated with a 54% lower risk 
of incident MetS (highest compared with lowest consump-
tion, OR: 0.46, 95% CI: 0.22–0.98; P-trend = 0.050); and 
the higher low-fat yogurt intake was associated with a 65% 
lower risk of incident MetS (OR: 0.45, 95% CI: 0.21–0.97; 
P-trend = 0.031). Moderate but not the highest intake of 
regular cheese consumption had a decreased risk of MetS 
by 67% (second compared with first tertile consumption, 
OR: 0.43, 95% CI: 0.19–0.97). High-fat milk, high-fat 
yogurt, and ice cream intake were not associated with the 
risk of incident MetS.

After adjusting for confounding factors, higher dairy 
consumption was associated with 51%, 63%, and 57% 
lower risk of incident abdominal obesity (OR: 0.49, 95% 
CI = 0.26–0.94, P-trend = 0.032), high BP (OR: 0.37, 95% 
CI = 0.17–0.81, P-trend = 0.008), high TGs (OR: 0.43, 
95% CI = 0.20–0.96, P-trend = 0.039) as presented in Sup-
plementary Table 1.

We estimated that substituting one serving/day of total 
dairy for nuts was associated with a 47% lower risk of 
MetS incidence (OR: 0.63, 95% CI: 0. 42–0. 95; Fig. 1). 
However, a substitution for red and processed meat was 

associated with a 54% higher risk of MetS (OR: 1.55, 
95% CI: 1.21–1.97) (Fig. 1).

Discussion

In this community-based prospective study of children and 
adolescents with a 6.6-year follow-up period, we observed 
that consumption of total dairy products was related to 
lower incident MetS and some of its components, including 
abdominal obesity, high BP, and high TGs after adjustment 
for several diet and lifestyle covariates. Furthermore, spe-
cific dairy products, including low-fat dairy, low-fat milk, 
low-fat yogurt, and regular cheese, were associated with a 
lower risk of incident MetS. Decreasing intake of total dairy 
and simultaneously increasing nut intake by one serving/
day was associated with a 47% lower risk of MetS, whereas 
substituting one serving/d of red and processed meat for 
total dairy consumption was associated with a 57% higher 
risk of MetS.

To our knowledge, the present study is the first to examine 
the association between total and individual dairy consump-
tion and MetS risk in a longitudinal analysis in children and 
adolescents. We showed that a higher intake of total dairy 
decreased the odds of incident MetS in children and adoles-
cents, whereas a cross-sectional study of Iranian adolescents 
found no association of dairy consumption with the risk of 
MetS and its component [33]. It should be noted that our 
results are in agreement with those of other prospective and 
cross-sectional studies indicating an inverse association of 
dairy consumption with the MetS risk in adults [14, 34, 35]. 

Table 2   Odds ratio (95% confidence intervals) of incident MetS according to tertiles of dairy consumption among children and adolescents

Adjusted for baseline age, sex, total energy intake, physical activity, and family history of diabetes
Additionally adjusted for dietary intakes of protein, carbohydrate, and whole grain
a Based on a logistic regression model using the median intake of total dairy products in each tertile as a continuous variable

Tertiles of dairy consumption OR (95% CIs) for 
1-serving/d increment

P for trenda

T1 T2 T3

Total dairy (serving/d)  < 2.16 2.17–3.18  > 3.19
 Age-adjusted 1.00 0.63 (0.32–1.23) 0.45 (0.22–0.94) 0.72 (0.55–0.95) 0.029
 Adjusted for lifestyle variables 1.00 0.58 (0.29–1.15) 0.48 (0.23–1.00) 0.79 (0.55–0.96) 0.042
 Adjusted for dietary factors 1.00 0.55 (0.27–1.09) 0.41 (0.19–0.88) 0.68 (0.51–0.92) 0.018

High-fat dairy (serving/d)  < 0.51 0.52–1.21  > 1.22
 Age-adjusted 1.00 0.53 (0.26–1.08) 0.64 (0.33–1.27) 0.84 (0.59–1.21) 0.189
 Adjusted for lifestyle variables 1.00 0.49 (0.23–1.03) 0.56 (0.27–1.12) 0.82 (0.56–1.11) 0.099
 Adjusted for dietary factors 1.00 0.47 (0.22–1.00) 0.50 (0.24–1.05) 0.78 (0.53–1.11) 0.063

Low-fat dairy (serving/d)  < 1.38 1.39–2.19  > 2.20
 Age-adjusted 1.00 0.51 (0.25–1.02) 0.47 (0.23–0.95) 0.76 (0.56–1.03) 0.029
 Adjusted for lifestyle variables 1.00 0.51 (0.25–1.04) 0.49 (0.23–0.98) 0.77 (0.56–1.06) 0.036
 Adjusted for dietary factors 1.00 0.49 (0.24–1.01) 0.44 (0.21–0.92) 0.74 (0.54–1.02) 0.023
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A meta-analysis among studies of adults reported a 15% 
(RR: 0.85; 95% CI: 0.73, 0.98) lower risk of MetS incidence 
for the highest versus lowest category of total dairy con-
sumption [36]. We observed that by increasing total dairy 
consumption in a regular diet both low- and high-fat dairy 
consumption was concurrently increased. Accordingly, the 
percentage of energy from total fatty acids and SFA was 
also elevated. Notably, it remains controversial whether the 
intake of dairy fat is harmful to cardiometabolic health, and 
whether the intake of low-fat dairy provides advantages with 
regard to MetS risk relative high-fat dairy [37, 38]. Further-
more, we observed that participants who consumed more 
dairy had lower intakes of whole grain and percent of energy 
from carbohydrate, compared to those who consumed less. 
Thus, the association between dairy consumption and 

metabolic syndrome could be the relative reduction in car-
bohydrates rather than (or in combination with) the relative 
increase in dairy consumption; however, the association 
still remains significant when whole grain and percent of 
energy from carbohydrate were adjusted in the final model 
to attenuate its confounding effect.

In the present study, we determined that low-fat dairy 
consumption was inversely associated with the risk of the 
MetS, unlike high-fat dairy. This finding was further sup-
ported by the lower risk of MetS among those with dairy 
products consumption with low-fat content, like yogurt 
and milk [39, 40]. Although the beneficial effect of yogurt 
consumption on metabolic parameters has been reported in 
some studies, this finding is inconsistent [33, 41, 42]. One 
explanation could be the inability of studies to separate the 

Table 3   Multivariable-adjusted odds ratio (95% confidence intervals) of incident MetS risk according to the consumptions of dairy food sub-
types among children and adolescents

Adjusted for baseline age, sex, total energy intake, physical activity, and family history of diabetes
Additionally adjusted for dietary intakes of protein, carbohydrate, and whole grain
a Based on logistic regression model using median intake of dietary exposures in each tertile as a continuous variable

Tertiles of dairy food types OR (95% CIs) for 
1-serving/d increment

P for trenda

T1 T2 T3

High-fat milk  < 0.16 0.17–0.53  > 0.54
 Age-adjusted 1.00 0.71 (0.35–1.47) 0.99 (0.50–1.95) 1.08 (0.74–1.58) 0.987
 Adjusted for lifestyle variables 1.00 0.62 (0.29–1.32) 0.85 (0.42–1.70) 1.04 (0.70–1.54) 0.680
 Adjusted for dietary factors 1.00 0.61 (0.28–1.32) 0.81 (0.39–1.65) 1.00 (0.66–1.51) 0.602

Low-fat milk  < 0.04 0.05–0.26  > 0.27
 Age-adjusted 1.00 0.58 (0.29–1.15) 0.48 (0.23–0.99) 0.27 (0.10–0.74) 0.040
 Adjusted for lifestyle variables 1.00 0.51 (0.23–1.10) 0.45 (0.21–0.95) 0.26 (0.10–0.73) 0.039
 Adjusted for dietary factors 1.00 0.52 (0.24–1.15) 0.46 (0.22–0.98) 0.30 (0.15–0.60) 0.050

High-fat yogurt  < 0.12 0.13–0.32  > 0.33
 Age-adjusted 1.00 1.27 (0.64–2.50) 0.80 (0.38–1.68) 0.83 (0.46–1.53) 0.579
 Adjusted for lifestyle variables 1.00 1.27 (0.60–2.69) 0.85 (0.39–1.86) 0.89 (0.47–1.69) 0.679
 Adjusted for dietary factors 1.00 1.24 (0.59–2.62) 0.82 (0.37–1.82) 0.86 (0.43–1.69) 0.632

Low-fat Yogurt  < 0.24 0.25–0.68  > 0.69
 Age-adjusted 1.00 0.52 (0.26–1.03) 0.48 (0.24–0.97) 0.67 (0.47–0.97) 0.033
 Adjusted for lifestyle variables 1.00 0.45 (0.22–0.94) 0.51 (0.25–1.05) 0.69 (0.47–1.00) 0.054
 Adjusted for dietary factors 1.00 0.45 (0.21–0.94) 0.45 (0.21–0.97) 0.65 (0.44–0.96) 0.031

Cheese  < 0.33 0.34–0.97  > 0.98
 Age-adjusted 1.00 0.47 (0.22–1.05) 1.14 (0.60–2.17) 0.99 (0.90–1.88) 0.678
 Adjusted for lifestyle variables 1.00 0.42 (0.18–0.95) 1.08 (0.56–2.09) 1.01 (0.96–1.91) 0.834
 Adjusted for dietary factors 1.00 0.43 (0.19–0.97) 1.07 (0.54–2.11) 1.36 (0.95–1.96) 0.854

Cream cheese  < 0.02 0.03–0.08  > 0.09
 Age-adjusted 1.00 1.13 (0.55–2.29) 1.11 (0.55–2.27) 1.05 (0.74–1.50) 0.767
 Adjusted for lifestyle variables 1.00 1.12 (0.49–2.57) 1.14 (0.51–2.58) 1.06 (0.71–1.58) 0.759
 Adjusted for dietary factors 1.00 1.18 (0.51–2.74) 1.21 (0.53–2.76) 1.09 (0.73–1.63) 0.678

Ice cream  < 0.01 0.11–0.22  > 0.23
 Age-adjusted 1.00 1.43 (0.71–2.87) 1.05 (0.50–2.22) 1.02 (0.71–1.46) 0.904
 Adjusted for lifestyle variables 1.00 1.46 (0.68–3.11) 1.07 (0.49–2.32) 1.01 (0.70–1.47) 0.926
 Adjusted for dietary factors 1.00 1.45 (0.68–3.10) 1.05 (0.48–2.27) 1.00 (0.69–1.46) 0.972
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low-fat yogurt from high-fat ones. In the current study, we 
observed that a higher intake of low-fat yogurt was associ-
ated with a 45% decreased risk of MetS; however, high-
fat yogurt consumption had no significant association. The 
favorable association of low-fat dairy and MetS may be 
attributed to the higher amounts of protective constituents, 
such as calcium and whey protein instead of SFA content, 
in low-fat dairy [43].

Nevertheless, data on the risk–benefit of cheese intake 
is highly controversial. A positive association between 
cheese consumption and MetS prevalence was illustrated in 
one study [44], while higher consumption of cheese had an 
inverse association with the incidence of MetS in another 
[45]. In our study, moderate consumption of cheese was 
associated with a lower risk of MetS compared to lower 
consumption. Moderate intake of regular cheese may pro-
vide some advantages of dairy products family; however, 
high content of fat and salt in cheese may confound its ben-
eficial effect on the metabolism [46]. Moreover, we did not 
have enough detail about the types of cheeses consumed in 
this cohort to assay MetS risk in relation to various cheese 
types. More research is needed to determine the underlying 
mechanism that may mediate the relation between cheese 
consumption and MetS risk. With regard to ice cream con-
sumption, we did not observe any association with MetS 
risk among children and adolescents. These findings may be 
explained by the fact that ice cream contains high amounts 
of fat and sugar, which can eliminate the favorable effects of 
milk component [47]. Overall, our findings suggested that 

low-fat dairy products, like yogurt and milk, are associated 
with a lower risk of MetS. It should also be noted that con-
suming high-fat dairy did not raise risk of MetS.

Data from previous studies revealed the desirable associa-
tion of dairy consumption with cardiometabolic risk factors 
such as overweight/obesity, high BP, and abdominal obesity 
among children and adolescents [17, 48, 49] and in adults 
[35]. In our longitudinal study, we found that participants in 
the highest tertiles of dairy consumption had a lower risk for 
the incidence of abdominal obesity, high BP, and high TGs. 
In a prospective study conducted in Australian children, as 
compared with those who were in the lowest category of 
dairy consumption, children in the highest dairy consump-
tion had lower incident SBP and DBP risk [49]. Abreu et al. 
found that higher consumption of dairy was associated with 
a 78% reduction in abdominal obesity in boys after adjust-
ment for confounders [17]. Likewise, a recent meta-analysis 
of prospective cohort comprising 46,011 children and ado-
lescents showed that those in the highest category of dairy 
consumption had a 38% lower risk of overweight/obesity 
compared with subjects in the lowest consumption during a 
median follow-up of 3-years [48].

Several potential mechanisms for the beneficial effect 
of dairy consumption on MetS have been proposed. The 
nutrients found in dairy products, particularly calcium and 
protein, may exert a synergistic and protective role against 
metabolic dysregulation. Calcium inhibits fat absorption 
and increases fecal excretion in the intestine through bind-
ing to bile acids and fatty acids, especially SFA [50]. As a 

Fig. 1   Odds ratios and 95% 
confidence intervals from sub-
stitution models for incidence of 
metabolic syndrome associated 
with increasing consumption of 
a food group and concomitantly 
decreasing consumption of total 
dairy by one serving per day. 
The model was adjusted for 
baseline age, sex, total energy 
intake, physical activity, family 
history of diabetes, dietary 
intakes of protein, carbohydrate, 
and whole grain.
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result, calcium intake can improve the HDL-C to LDL-C 
ratio by converting cholesterol to bile acids in the liver and 
decrease TGs levels [51, 52]. Moreover, dietary calcium, 
as shown in a meta-analysis of intervention studies [53], 
decreases BP through repression of 1,25-dihydroxy vita-
min D3, resulting in normalization of intercellular calcium 
in vascular smooth muscle cells [54]. Peptide fractions of 
dairy protein may play a major role in preventing the MetS 
through regulating insulinemia, dyslipidemia, BP, and fat 
accumulation [55]. Dairy is a substantial source of two 
major forms of protein, casein and whey. These proteins 
inhibit the function of angiotensin-converting enzyme 
(ACE), which is known to increase BP and adipocyte lipo-
genesis by upregulated of fatty acid synthesis expression. 
Hence, the inhibition of ACE and consequently angioten-
sin II production by dairy-derived proteins can decrease 
BP and endogenous fat deposition [56, 57].

We performed substitution analyses to predict the impacts 
of replacing dairy products with other foods on the risk of 
MetS. We found that replacing dairy with red and processed 
meat was associated with a higher risk of MetS. Red and 
processed meat consumption may lead to an elevated risk 
of developing MetS by several pathways such as increased 
insulin resistance and the loss of β-cell function, obesity, 
hyperinsulinemia and hyperglycemia. These comorbidities 
are stemmed from the high content of fat and SFA, especially 
long-chain SFA compared to short- and medium-chain SFA 
in dairy, high levels of inflammatory mediators or through 
elevated free fatty acid and nitrosamines production [58–60]. 
A meta-analysis indicated that total, red, and processed meat 
consumption was associated with higher MetS risk [61]. In 
contrast to red meat, replacing total dairy with nuts was 
associated with a lower risk of MetS. These health effects 
may be explained by improving oxidative stress, inflamma-
tion, and endothelial function, which can reduce the risk 
of insulin resistance and diabetes, BP, abdominal obesity, 
and dyslipidemia as components of MetS [62]. These results 
suggest that replacing nuts for dairy products in a regular 
diet may provide further advantages to metabolic health than 
dairy consumption.

Our study has several strengths, including a longitudinal 
follow-up design and a high follow-up rate, which helps to 
evaluate the incidence of the MetS. We have also used a vali-
dated FFQ and national cutoff points for defining abdominal 
obesity, WC, and BP in children and adolescents.

The study also has limitations. Firstly, the information on 
the puberty status of our participants was not recorded, and 
we were not able to control the puberty stage in our analy-
sis. Secondly, our cohort was made up of Tehranian urban 
participants; thus, our findings cannot be generalized to 
other populations. Thirdly, although habitual dietary intake 
of participants was assessed by a validated FFQ, potential 
measurement errors are unavoidable.

Conclusion

In conclusion, the results of the present prospective study 
suggest that higher consumption of dairy, particularly low-
fat milk and yogurt, is related to a lower risk of incident 
MetS among children and adolescents. Furthermore, replac-
ing total dairy with red and processed meat is associated 
with a higher MetS risk, whereas replacement by nuts is 
associated with a lower risk. Thus, it is imperative to invest 
in a strategy to improve the dietary pattern and consume 
healthy food groups, particularly low-fat dairy, to prevent 
cardio-metabolic risk factors in children and adolescents.
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