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This study compared the intake of yogurt and other dairy foods in relation to other dietary habits, and
associations with cardiovascular health indicators. Comparative analyses of dietary intakes and car-
diometabolic health indicators were conducted in participants from the Maine-Syracuse Longitudinal
Study, conducted in 2001-2006 (n = 699). Participants (10.2% of sample) who consumed yogurt more
frequently (> 5 serves per week) also consumed more fruit, vegetables, nuts, and fish, but fewer sweets,
sugar-sweetened soft drinks, and alcohol. The yogurt-healthy food score was significantly inversely
associated with fasting plasma glucose (p = 0.044), waist circumference (p = 0.004), and smoking
(p = 0.004), and significantly positively associated with physical activity (p < 0.001). In addition, the
yogurt-healthy food score was associated with protection against MetS abdominal obesity (OR: 0.80, 95%
CI: 0.66-0.07, p = 0.02). The yogurt-healthy dietary pattern was significantly associated with a better

cardiometabolic profile.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

There is now considerable evidence that dairy foods may be of
benefit to many aspects of health, including lower prevalence and
incidence of type 2 diabetes (T2DM) (Talaei, Pan, Yuan, & Koh, 2018;
Tong, Dong, Wu, Li, & Qin, 2011), metabolic syndrome (MetS)
(Azadbakht, Mirmiran, Esmaillzadeh, & Azizi, 2005a; Crichton,
Bryan, Buckley, & Murphy, 2011), obesity (Crichton & Alkerwi,
2014; Parikh & Yanovski, 2003), hypertension (McGrane et al.,
2011; Park & Cifelli, 2013), and inflammation (Panagiotakos,
Pitsavos, Zampelas, Chrysohoou, & Stefanadis, 2010), as well as
better cognitive functioning (Crichton, Elias, Dore, & Robbins, 2012;
Park & Fulgoni, 2013). Three recent systematic reviews conclude
that the consumption of some forms of dairy products show
favorable or neutral (neither beneficial nor detrimental) associa-
tions with cardiovascular-related outcomes (Alexander et al., 2016;
Drouin-Chartier et al., 2016a, b). The most recent scientific evidence
supports the consumption of regular-fat milk, cheese, and yogurt
within an overall healthy dietary pattern (Astrup et al.,, 2016),
whilst highlighting the further systematic examination of the
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effects of dietary patterns that include regular-fat milk, cheese, and
yogurt on human health.

Of the dairy foods, yogurt in particular has been of recent in-
terest possibly because it is nutrient dense, providing protein and
bioactive peptides, calcium, magnesium, potassium, phosphorus,
vitamin D, and possibly added bacterial cultures (Cormier et al.,
2016; Panahi & Tremblay, 2016; Panahi, Fernandez, Marette, &
Tremblay, 2017b). Others have shown yogurt to be associated
with healthy eating and other healthy lifestyle behaviors, lower
anthropometric indicators, a healthier cardiometabolic risk profile,
reduced risk of weight gain, obesity, T2DM, and cardiovascular
disease (CVD) (Cormier et al.,, 2016; Panahi & Tremblay, 2016;
Panahi et al., 2017a,b; Tian et al., 2017; Tremblay & Panahi, 2017;
Wu & Sun, 2017). The research to date therefore suggests that
yogurt consumption may be beneficial to cardiometabolic health,
particularly when consumed as part of a high quality diet (Panahi
et al., 2017b).

This benefit of yogurt consumption has recently been demon-
strated in a study including over 55,000 women and 18,000 men
from the Nurses' Health Study (NHS) and the Health Professionals
Follow-Up Study (HPFS), respectively (Buendia et al.,, 2018). Men
and women with prevalent high blood pressure (BP) who
consumed at least two serves per week of yogurt were found to be
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at lower risk for developing CVD. These associations were stronger
for participants with a higher yogurt intake in combination with an
overall ‘heart-healthy’ dietary pattern, as measured by Dietary
Approaches to Stop Hypertension (DASH) diet scores (Buendia
et al.,, 2018). The DASH diet, which is characterized by a diet high
in fruit, vegetables, and low-fat dairy products, has been previously
associated with reductions in BP and the risk for coronary heart
disease, stroke, and MetS (Azadbakht, Mirmiran, Esmaillzadeh,
Azizi, & Azizi, 2005b; Fung et al., 2008).

As recognized in the literature (Panahi & Tremblay, 2016), we do
not consume foods in isolation, and more attention needs to be paid
to overall food patterns in relation to health outcomes (Panahi et al.,
2017b). As there is considerable evidence for the association be-
tween yogurt and a wide-ranging number of health benefits,
observational studies examining yogurt consumption in combina-
tion with other foods in relation to cardiometabolic health out-
comes appears to be important (Elias, Wade, & Crichton, 2018). To
expand what is known in this area, we have utilized data from a
prominent health study: the Maine-Syracuse Longitudinal Study
(MSLS). The MSLS has collected measures on dairy food intake, CVD
risk factors, health behaviors, and demographic variables. Using
MSLS data previously, we have found relationships between higher
intakes of yogurt and cardiovascular health, as measured by a car-
diovascular health score (Crichton & Elias, 2014). The aims of this
study were to: (i) examine the relationship between dairy food
intakes (yogurt in particular) and intakes of other foods; and (ii)
explore relationships between the dietary patterns found with a
number of cardiovascular health indicators. We hypothesize that
those who consume higher amounts of dairy foods, and in partic-
ular yogurt, will also consume higher amounts of other healthy
foods such as fruit, vegetables, grains, fish, and nuts and these in-
dividuals with healthier diets will exhibit a better cardiometabolic
profile.

2. Methods and materials
2.1. Participants

The MSLS is a community-based study of aging, cardiovascular
risk factors, and cognitive functioning in adults, aged 23-98 years
residing in Central New York state, USA (Dore, Elias, Robbins,
Budge, & Elias, 2008; Elias et al., 2006, 2009; Robbins, Elias, Elias,
& Budge, 2005). At initial recruitment, the sole exclusions were
institutionalized people, diagnosed alcoholism, and psychiatric
disorder requiring institutionalization. Other exclusions have been
employed on a study-by-study basis across the series of studies
conducted with this sample of individuals.

The data for the present study were taken from subjects
returning for the 6th (2001-2006) study wave when dietary intake
measures were first obtained. Beginning with a sample of 776 in-
dividuals, participants were excluded from the present analysis for
the following reasons: missing dietary or cardiovascular health
data (n = 34), acute stroke (n = 28), probable dementia (n = 8),
hemo-dialysis (n = 5), inability to read English (n = 1), and alcohol
abuse after baseline (n = 1), leaving 699 participants within an age
range of 23-70 years. All participants provided informed written
consent. The MSLS was approved by the University of Maine
Institutional Review Board (reference number: 2005-07-04).

2.2. Dietary assessment

Dietary intake was assessed using the Nutrition and Health
Questionnaire (Kroke et al., 1999). Participants were required to
report how frequently they consumed foods and beverages, from
six response categories: never, seldom, once a week, 2 to 3 times a

week, 5 to 6 times a week, or once or more a day. The dairy foods
included in the questionnaire were milk, cheese, yogurt, dairy
desserts, and ice-cream and cream (combined). Participants were
asked to stipulate the fat content of milk consumed — whole fat,
low fat (1-2% fat), skim (0% fat) — but the fat content of cheese and
yogurt were not specified. The daily intakes represent an estimate
of the number of times each food was consumed daily as exact
portion sizes were not stipulated (except for milk). Total energy
intake was estimated by calculating the sum of all individual foods,
in times per day (Crichton et al., 2012).

2.3. Clinical assessment

Participants underwent physical and anthropometric measure-
ments and blood tests. Body weight, height, body mass index (BMI),
and BP measures were assessed as described previously (Dore et al.,
2008; Elias et al., 2006; Robbins et al., 2005). Standard assay
methods were employed (Elias et al., 2006) to obtain fasting plasma
glucose (mg dL™!) and total cholesterol (mg dL~!). In addition,
participants completed self-administered questionnaires to gain
information on lifestyle, demographic, and socioeconomic charac-
teristics. Standardized laboratory protocols for data collection (i.e.,
anthropometric testing, venepuncture, reporting of risk factors)
were used.

Physical activity was measured with the validated Nurses’
Health Study Activity Questionnaire (Wolfe et al., 1994). Dietary
intake was assessed using the Food Frequency Questionnaire (FFQ)
component of the Nutrition and Health Questionnaire (Kroke et al.,
1999). Smoking status was based on self-report from the same
questionnaire (Kroke et al., 1999). At the conclusion of each wave,
participants were informed of any new risk factors detected at that
examination and advised to consult their physician for treatment.

2.4, Statistical analyses

According to the type of variable (continuous or categorical), the
Mann-Whitney test or Chi-square tests were used to compare de-
mographic variables and other health variables. Analysis of vari-
ance (ANOVA) were used to examine associations between intakes
of dairy foods (low fat and whole fat milk, cheese, and yogurt) with
the other main food groups and beverages: grains, fruit, meat, fish,
vegetables, nuts, sweets, sugar-sweetened and diet soft drinks, and
alcohol. For a basic demographic covariate model, statistical
adjustment was made for age, gender, education, ethnicity, and
total energy intake. Effect sizes (Cohen's d) (Cohen, 1988) were
calculated for significant associations.

Individual dairy foods were categorized into 3 groups: low (< 1
serve per week), medium (> 1 to 5 serves per week), and high (> 5
serves per week). Further, participants were categorized into one of
three groups according to their total dairy food intake: low (< 1
serve per day), medium (> 1 to 3 serves per day), and high (> 3
serves per day). These categories were selected to provide mean-
ingful information about how much of these dairy foods are
possibly required for cardiometabolic benefits. In additions, serves
per day were used as this measurement method aligns with most
national dietary guidelines. Comparisons of three groups allows for
a determination of trends or non-linear associations.

A score was calculated based on total intakes of yogurt, fruit,
vegetables, and fish. A score of 1 was assigned to those who
consumed higher amounts of these foods (> 5 serves per week of
yogurt, > 2 serves per day of fruit, > 5 serves per day of vegetables,
> 3 serves per week of fish), and a score of 0 for those who
consumed less than these amounts. These cut-offs are based on
recommended intakes for these foods (USDA/USDHHS, 2010). The
total was summed to give a ‘yogurt-healthy food’ score out of 4.
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Analysis of covariance (ANCOVA) were also used to examine
associations between the yogurt-healthy food score with a number
of cardiovascular health outcomes: fasting plasma glucose, BMI,
waist circumference, systolic and diastolic BP, HDL- and LDL-
cholesterol, triglycerides, physical activity, and smoking. For a
basic demographic covariate model, statistical adjustment was
made for age, gender, education, ethnicity, and total energy intake.
Effect sizes (Cohen's d) were calculated for significant associations
(Cohen, 1988). Linear and quadratic trends were tested. While the
yogurt-healthy food score offers a four-point scale (one for each
healthy food added to yogurt), the ANCOVA performed used only
three levels of response, since only eight individuals attained a
score of 3 and no individual attained a score of 4. Therefore, the
range of responses was 0-2 for our study.

Using the same set of covariates described above, we also
compared the yogurt-healthy food score according to the presence
or absence of T2DM, CVD, hypertension, and MetS abdominal
obesity using logistic regression analyses. SPSS version 21 was used
for all analyses. p-Values of < 0.05 (two-tailed test) were considered
statistically significant.

3. Results

Table 1 displays the demographic, cardiovascular health, and
other health variables, according to yogurt intake. Significantly
more females than males consumed at least 1 serve of yogurt per
week. Those participants who did consume at least 1 weekly serve
had significantly lower BMI, waist and hip circumference, systolic
and diastolic BP, fasting plasma glucose, plasma homocysteine, and
triglyceride levels, and higher HDL-cholesterol compared to those

who consumed less than 1 serve per week. The higher yogurt
consumers also undertook significantly more physical activity and
had a lower prevalence of T2DM and hypertension than the less
frequent consumers.

Table 2 shows the self-reported intakes of dairy foods (milk,
yogurt, cheese, and total intakes). Inspection of individual dairy
products showed that participants consumed milk frequently, with
40.2% drinking milk at least five times per week. Participants were
more likely to consume low fat milk frequently compared with
whole milk. Cheese consumption was higher than yogurt con-
sumption (65% > 1-5 serves per week versus 54.6% < 1 serves per
week).

Yogurt and dairy dessert intake were positively associated with
intakes of fruit, fish, vegetables, and nuts, and inversely associated

Table 2
Self-reported intakes of dairy foods, expressed as percentage of the sample
consuming low, medium, and high quantities.”

Dairy food Low Medium High

Total milk 17.2 42.5 40.2
Low fat 25.0 38.1 36.9
Whole fat 923 7.7 n too small

Total yogurt 54.6 35.2 10.2

Total cheese 17.2 65.5 173

Total milk, cheese, yogurt 27.5 52.8 19.7

Total dairy food 20.9 55.5 23.6

2 Low, medium, and high defined as < 1 serve, > 1-5 serves, and > 5 serves per
week, respectively, for individual dairy foods and < 1 serve, > 1-3 serves, and > 3
serves per day, respectively, for combined total of milk, cheese, and yogurt, and total
dairy food (milk, cheese, yogurt, cream, ice-cream). Low fat milk includes skim, 1%,
and 2% fat milk.

Table 1
The association between yogurt intake and demographic, cardiovascular health, and other health variables in the Maine-Syracuse Longitudinal Study (n = 701).*
Variable Yogurt intake (serves per week) p
<1(n=379) >1(n=322)
M SD M SD

Age (years) 58.42 0.50 56.17 0.57 0.004
Education (years) 14.49 0.14 15.13 0.15 0.001
Smoking (cigarettes per day) 1.48 0.29 1.23 0.29 0.629
BMI (kg/m?) 30.14 5.74 29.17 5.73 0.026
Physical activity (MET hours/week) 18.78 1.21 24.37 1.71 0.001
Total cholesterol (mg/dL) 200.26 38.86 204.20 38.15 0.177
Systolic BP (mmHg) 130.15 21.87 123.73 18.33 <0.001
Diastolic BP (mmHg) 71.58 9.91 68.75 9.22 <0.001
Fasting plasma glucose (mg/dL) 101.85 1.76 93.42 0.98 <0.001
Waist circumference (cm) 98.12 0.79 92.15 0.77 <0.001
Hip circumference (cm) 110.06 12.65 108.06 11.05 0.028
HDL cholesterol (mg/dL) 52.16 0.79 55.37 0.84 0.001
LDL cholesterol (mg/dL) 120.81 33.95 124.59 33.26 0.139
Triglycerides (mg/dL) 138.21 3.66 122.69 3.68 0.001
Plasma homocysteine (umol/L) 9.84 0.16 9.08 0.16 <0.001
Total energy intake 13.83 0.23 15.21 0.25 <0.001
Alcohol intake (standard drinks per day) 0.54 0.05 0.43 0.05 0.361
Race

Caucasian (%) 92.08 90.68 0.509

Other (%) 7.92 9.32
Gender

Males (%) 49.08 30.44 <0.001

Females (%) 50.92 69.56
Obese (%) 4512 39.13 0.110
T2DM (%) 14.51 8.70 0.018
Hypertension (%) 63.85 46.27 <0.001
CVD (%) 13.46 9.94 0.151

2 Yogurt intake was calculated from the Nutrition and Health Questionnaire. Except for percentages, data are expressed as mean and standard deviation (SD). Physical
activity is expressed as metabolic equivalent hours per week; total energy intake was measured in total serves per day all food groups. Obese defined as BMI 30 kg/m?; T2DM,
type 2 diabetes, i.e., fasting plasma glucose 126 mg/dL or taking anti-diabetic medication; hypertension defined as systolic BP 140 mmHg and/or diastolic BP 90 mmHg or
taking anti-hypertensive medication; CVD includes myocardial infarction, coronary artery disease, heart failure, angina pectoris, and transient ischemic attack.
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with intakes of grains, sweets, and sugar-sweetened soft drinks p <
0.07. (Table 3; small (d = 0.32-0.47) to medium (d = 0.51-0.63)
effect sizes). Low fat milk consumption was associated with a lower
intake of sugar-sweetened soft drinks, sweets, meat, and alcohol
(Table 4; small (d = 0.20-0.38) to medium (d = 0.57) effect sizes).
Those who consumed whole fat milk had significantly lower in-
takes of fruit, fish, and vegetables, but consumed more sweets and
sugar-sweetened soft drinks (Table 5; small (d = 0.34-0.45) to
medium (d = 0.65) effect sizes). Cheese consumption was positively
associated with meat consumption and diet soft drinks and

inversely associated with intakes of p < 0.08 and 0.09. sugar-
sweetened soft drinks (Table 6; small (d = 0.26-0.38) to medium
(d = 0.52) effect sizes).

All analyses for the yogurt healthy food score were done with
linear and quadratic trend analysis if the overall omnibus test (test of
differences among means) was statistically significant. While the
yogurt-health score itself can range from O to 4, only eight in-
dividuals attained a score of 3 and none attained a score of 4.
Therefore, Table 7 summarizes these data for three levels of
response: 0, 1, and 2.

Table 3

The association between yogurt and dairy dessert intake and other dietary habits.”
Dietary variable (serves per day Yogurt and dairy dessert intake (serves per week) p Effect size
unless indicated otherwise) <1(n-382) ~1-5 (n — 246) ~5(n=71) (Cohen's d)

M SE M SE M SE

Total grains 3.8 0.08 3.5% 0.09 313 0.17 <0.001 0.47
Total fruit 14 0.04 1.5 0.05 1.7¢ 0.10 0.01 0.37
Total meat 2.1 0.04 2.0 0.05 2.1 0.10 0.2
Total fish (serves per week) 13 0.05 13 0.06 1.6 0.11 0.02 0.32
Total vegetables 2.5 0.05 2.7° 0.07 3.0% 0.12 <0.001 0.51
Total nuts (serves per week) 1.2 0.08 1.3 0.10 1.8% 0.18 0.03 0.39
Total sweets 2.8 0.09 2.6 0.11 1.7%® 0.21 <0.001 0.63
Regular soft drinks 0.56 0.06 041 0.07 0.13% 0.14 0.01 0.37
Diet soft drinks 0.62 0.06 0.53 0.07 0.43 0.14 0.4
Total alcohol (mL per day) 6.0 0.55 5.4 0.68 2.7¢ 1.28 0.07

@ Data expressed as adjusted means (M) and standard error (SE); means adjusted for age, education, gender, ethnicity, and total energy intake. Superscripts a and b indicate
significantly different from < 1 serve per week intake group and > 1-5 serves per week intake group, respectively.

Table 4

The association between low fat milk intake and other dietary habits.”
Dietary variable (serves per day Low fat milk intake (serves per week) p Effect size
unless indicated otherwise) “1(n-173) ~1-5 (n — 263) =5 (n—255) (Cohen's d)

M SE M SE M SE

Total grains 35 0.11 3.9° 0.09 35" 0.09 0.005 0.28
Total fruit 14 0.06 14 0.05 1.5 0.05 0.7
Total meat 22 0.06 2.1 0.05 1.9 0.05 <0.001 0.38
Total fish (serves per week) 13 0.07 13 0.06 13 0.06 0.6
Total vegetables 2.5 0.08 2.7¢ 0.06 2.6 0.07 0.1
Total nuts (serves per week) 14 0.12 1.3 0.09 1.2 0.10 0.6
Total sweets 3.0 0.13 3.0 0.11 2.0% 0.11 <0.001 0.57
Regular soft drinks 0.63 0.09 0.56 0.07 0.27% 0.07 0.002 0.31
Diet soft drinks 0.59 0.09 0.57 0.07 0.55 0.07 09
Total alcohol (mL per day) 5.8 0.80 6.8 0.66 4.0° 0.67 0.01 0.26

2 Data expressed as adjusted means (M) and standard error (SE); means adjusted for age, education, gender, ethnicity, and total energy intake. Superscripts a and b indicate
significantly different from < 1 serve per week intake group and > 1-5 serves per week intake group, respectively.

Table 5

The association between whole fat milk intake and other dietary habits.”
Dietary variable (serves per day Whole fat milk intake (serves per week) p Effect size
unless indicated otherwise) <1 (n—645) ~1(n—>54) (Cohen's d)

M SE M SE

Total grains 3.6 0.06 3.6 0.20 0.9
Total fruit 15 0.03 1.2¢ 0.12 0.02 0.36
Total meat 2.1 0.03 2.2 0.11 0.2
Total fish (serves per week) 13 0.04 0.98* 0.12 0.006 0.34
Total vegetables 2.7 0.04 2.3¢ 0.14 0.03 0.39
Total nuts (serves per week) 13 0.06 1.1 0.21 0.3
Total sweets 2.6 0.07 3.4° 0.24 0.001 0.45
Regular soft drinks 0.41 0.04 1.1° 0.15 <0.001 0.65
Diet soft drinks 0.59 0.04 0.35 0.17 0.2
Total alcohol (mL per day) 5.6 0.41 39 1.5 0.3

@ Data expressed as adjusted means (M) and standard error (SE); means adjusted for age, education, gender, ethnicity, and total energy intake. Superscript a indicates

significantly different from < 1 serve per week intake group.
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Table 6
The association between cheese intake and other dietary habits.*
Dietary variable (serves per day Cheese intake (serves per week) p Effect size
unless indicated otherwise) 1(n—120) = 1-5 (n — 458) ~5(n—121) (Cohen's d)
M SE M SE M SE
Total grains 3.9 0.13 3.6 0.07 34° 0.13 0.08
Total fruit 1.5 0.08 15 0.04 1.3° 0.08 0.09
Total meat 2.0 0.07 2.0 0.04 2.4 0.07 <0.001 0.52
Total fish (serves per week) 14 0.08 13 0.04 1.2 0.08 0.3
Total vegetables 2.6 0.10 2.7 0.05 2.6 0.10 0.6
Total nuts (serves per week) 14 0.14 1.2 0.07 1.6° 0.14 0.03 0.26
Total sweets 2.8 0.16 2.7 0.08 2.4 0.16 0.1
Regular soft drinks 0.73 0.11 0.46° 0.05 0.27°¢ 0.11 0.01 0.38
Diet soft drinks 0.26 0.11 0.62° 0.05 0.69° 0.10 0.04 0.37
Total alcohol (mL per day) 5.0 0.98 5.3 0.49 6.4 0.99 0.6

4 Data expressed as adjusted means (M) and standard error (SE); means adjusted for age, education, gender, ethnicity, and total energy intake. Superscripts a and b indicate
significantly different from < 1 serve per week intake group and > 1—5 serves per week intake group, respectively.

Table 7
The association between the yogurt-healthy food score and cardiometabolic health indicators.”
Cardiometabolic health indicator Yogurt-healthy food score p Effect size (Cohen's d)
0 (n = 259) 1 (n = 280) 2 (n = 50)
M SE M SE M SE
Fasting plasma glucose (mg/dL) 102.61 1.97 95.85% 1.82 93.93 4.23 0.044 0.43
Waist circumference (cm) 97.94 0.95 93.55% 0.88 92.43% 2.05 0.004 0.40
Physical activity (hours per week) 17.41 1.87 22.01 1.72 37.81% 4,02 <0.001¢ 0.64
Systolic BP (mmHg) 131.50 137 130.05 1.26 127.60 2.94 0.49
Diastolic BP (mmHg) 71.02 0.70 70.85 0.64 71.04 1.48 0.98
BMI (kg/mz) 30.00 0.39 29.13 0.36 28.19 0.84 0.12
Triglycerides (mg/dL) 152.16 7.73 142.33 7.08 110.60° 16.52 0.09
HDL-cholesterol (mg/dL) 51.49 1.00 54.16 0.92 55.13 2.14 0.13
LDL-cholesterol (mg/dL) 121.07 233 123.04 2.10 120.61 4.89 0.78
Smoking (cigarettes per day) 2.48 0.39 0.77°% 0.36 -0.01° 0.84 0.004 0.44

@ Data expressed as adjusted means (M) and standard error (SE); means adjusted for age, education, gender, ethnicity, and total energy intake. Superscripts a and b indicate
significantly different from 0 yogurt-healthy food score group and 1 yogurt-healthy food score group, respectively; superscript c denotes significant linear and quadratic

trends.

Table 7 shows the yogurt-healthy food score was significantly,
positively associated with physical activity (hours per week) and
HDL-cholesterol and inversely associated with fasting plasma
glucose, smoking (cigarettes per day), BMI, triglycerides, and waist
circumference (zero order correlations, all p < 0.05). With the
addition of age, education, gender, ethnicity, and total energy
intake to the regression model as covariates, the yogurt-healthy
food score remained inversely associated with fasting plasma
glucose, waist circumference, and smoking, and positively associ-
ated with physical activity.

Linear trends only (p = 0.40-0.44) were observed for fasting
plasma glucose, waist circumference, and smoking. However, when
the linear trend is controlled for, a statistically significant quadratic
trend (p < 0.001) was observed for physical activity. These trends
can be seen by inspection of the means in Table 7. Fig. 1, a box and
whisker plot, helps to illustrate the second order trend for physical
activity in relation to an increase in the yogurt-healthy food score.
As may be seen by inspecting the means in Table 7 and Fig. 1, the
major increase in physical activity occurs at 2, the highest yogurt-
healthy food score, with a small increase but very little difference
between yogurt-healthy food scores of 0 and 1.

Logistic regression analyses using the same covariate set were
conducted for variables with a binary outcome. The yogurt-healthy
food score was not associated with an increased risk for T2DM,
CVD, or hypertension (all p > 0.05), but was associated with pro-
tection against of MetS abdominal obesity (OR: 0.80, 95% CI: 0.66-
0.07, p = 0.02), adjusted for the demographic covariates and total
energy intake.

4. Discussion

We observed associations between the intake of dairy products,
especially yogurt and other foods, notably, increased intakes of
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Fig. 1. The quadratic trend observed for the association between yogurt-healthy food
score and physical activity; as the yogurt-healthy food score increases, there is a
modest increase in physical activity that peaks then slopes downward.
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fruit, fish, vegetables, and nuts and lower intakes of grains, sweets,
sugar-sweetened soft drinks, and alcohol. Of additional interest,
low fat milk intake was associated with other healthier choices (less
meat, sweets, sugar-sweetened soft drinks, and alcohol), whilst
consumers of whole fat milk displayed less healthy choices, with
lower intakes of fruit, fish, and vegetables and higher intakes of
sweets and sugar-sweetened soft drinks.

There is a growing evidence base for the health effects of yogurt
with studies examining yogurt consumption in relation to a wide-
ranging number of health outcomes including cardiovascular and
metabolic health, diabetes, cancer, weight management, and
gastrointestinal health (Glanville, Brown, Shamir, Szajewska, &
Eales, 2015). Using MSLS data previously, we have found relation-
ships between higher intakes of yogurt and cardiovascular health,
as measured by a cardiovascular health score (CHS) (Crichton &
Elias, 2014). In this study, total yogurt consumption was posi-
tively associated with the CHS, three health behaviors (smoking,
physical activity, diet), and two health factors (waist circumference,
fasting plasma glucose). Those who consumed yogurt at least
weekly had a significantly higher CHS than those who never or
rarely consumed yogurt. Total intake of dairy (milk, cheese, and
yogurt) was also positively associated with the CHS (Crichton &
Elias, 2014). Examining the individual components of the CHS
(see Tables 3—6), those with higher intakes of yogurt consumed
more ‘recommended foods’ and fewer ‘non-recommended foods’
(based on the American Dietary Guidelines; USDA/USDHHS, 2010).
The also engaged in had higher levels of physical activity, smoked
less, had smaller waist circumferences, and had lower fasting
plasma glucose levels (see Table 7).

The finding that yogurt consumers also appear to select other
foods that are more in line with nutritional recommendations
(fruits, vegetables, fish, nuts, whole grains, and dairy) is consistent
with other research (Panahi et al., 2017b). Using data drawn from
the Canadian-based INFOGENE study, Cormier et al. (2016) found
that yogurt was a statistically significant part of a ‘prudent’ dietary
pattern, characterized by higher intakes of fruit, vegetables, nuts,
non-hydrogenated fats, legumes, and fish. Non-consumers of
yogurt had a negative mean prudent dietary pattern score,
reflecting differences in the ways these two groups eat. Obese or
overweight yogurt consumers had a better cardiometabolic profile
as indexed by lower triglycerides, insulin levels, and waist
circumference than non-consumers (Cormier et al., 2016). These
findings also extend to better metabolic health due to the effects of
yogurt on the regulation of body weight, energy homeostasis, and
glycemic control (Panahi & Tremblay, 2016; Panahi et al., 2017a).
Further, yogurt consumers have been shown to be more physically
active, smoke less, have higher education, and had more knowledge
of nutrition compared with non-consumers (Panahi et al., 2017b).

In the present study, the healthier dietary pattern (higher
yogurt, fruit, vegetables, nuts, and fish) was associated with a better
cardiometabolic profile (higher HDL-cholesterol and lower fasting
plasma glucose, BMI, triglycerides, and waist circumference) and
healthier lifestyle habits (higher levels of physical activity and less
smoking). After adjustment for age, education, gender, ethnicity,
and total energy intake, the yogurt-healthy food score remained
inversely associated with fasting plasma glucose, waist circumfer-
ence, and smoking, and positively associated with physical activity.

The effect sizes reported in the present paper for the various
analyses generally ranged from small to medium. These effect sizes
are consistent with the existing literature indicating positive as-
sociations between yogurt, dairy foods, and cardiometabolic health
(Cormier et al., 2016; Crichton & Elias, 2014; Panahi & Tremblay,
2016; Panahi et al., 2017a). It is important to note that small ef-
fect sizes, while indicating less impact on the individual or in a
clinical setting, are not to be dismissed as irrelevant or

unimportant. Improvement in risk in the population as a whole
from increased yogurt consumption, and consumption in dairy
food alone, can have a major impact on the health of the
population.

Cormier et al. (2016) showed that overweight or obese in-
dividuals who were consumers of yogurts exhibited a more favor-
able cardiometabolic profile including lower plasma triglyceride
and insulin levels and reduced waist circumference than non-
consumers within the same range of BMI In a similar vein, the
beneficial effects of a high yogurt consumption, in combination
with higher DASH diet scores (high in fruit, vegetables, and low fat
dairy) on risk of CVD was recently observed in participants with
hypertension in a US-based study (Buendia et al., 2018). Obesity
and hypertension are prevalent in the sample (42% and 55%,
respectively). This collection of research together implies that
perhaps the benefits of yogurt are more pronounced in those with a
poorer cardiometabolic health profile, such as being overweight or
having an elevated BP. It may be hypothesized that relations be-
tween dietary patterns and cardiometabolic health are less likely to
be observed if there is little variation in the levels of car-
diometabolic health indicators and conditions.

Panahi and Tremblay (2016, 2017) summarized the epidemio-
logical and clinical evidence supporting the positive role of yogurt
on health behaviors and metabolic health variables, and the po-
tential mechanisms of action by which yogurt may facilitate body
fat loss, decrease food intake, increase satiety, and decrease the
glycemic and insulin response. Protein and calcium are key nutri-
ents in yogurt that may be attributable to the health benefits of
yogurt via their respective roles in increasing satiety and control-
ling body weight (Cormier et al., 2016; Panahi & Tremblay, 2016). Of
particular relevance is the suggestion that the association between
saturated fatty acids and cardiometabolic health variables may in
fact be nullified or attenuated when they are consumed as part of
complex food matrices such as in milk, cheese, and yogurt (Astrup,
2014; Drouin-Chartier et al., 2016b). This may be further enhanced
when individuals consume dairy products in conjunction with
other healthy foods such as fruit and vegetables.

Dairy has been pivotal to nutrition and important to the survival
of many populations in the world for a very long time (Craig et al.,
2005). The assessment of nutritional patterns revealed that yogurt
consumption appears to be associated with other healthier dietary
habits, such as greater intakes of fruit, vegetables, fish, and nuts,
adding to the current literature. This pattern of healthy eating was
associated with a better cardiometabolic profile. Randomized
controlled trials addressing key research gaps in this area are
needed to further explore and confirm relations between healthy
dietary patterns, including yogurt and other dairy foods, and car-
diometabolic health.
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