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Abstract

Background

The current state of knowledge regarding the association of dairy products and weight gain,
overweight, and obesity is based on studies reporting contradicting and inconclusive

results. The aim of the present study was thus to clarify the link between dairy consumption
in relation to changes in anthropometric measures/adiposity by a meta-analytical approach.

Methods

For the meta-analysis PubMed, EMBASE, Web of Sciences, and google scholar were
searched by two independent authors up to May 2016 with no restriction to language or cal-
endar date. Prospective cohort studies reporting about intake of dairy consumption (includ-
ing milk, yogurt, cheese, butter) and changes in body weight or waist circumference, risk of
overweight, obesity, or weight gain were eligible. Pooled effects were calculated using a
random effects model, and also a fixed effect model for sensitivity analysis. Due to the het-
erogeneity of statistical analytical approaches of the studies the analysis were done sepa-
rately for beta-coefficients of changes in body weight and/or waist circumference per
serving of dairy, for differences in weight gain/gain in waist circumference when comparing
extreme categories of dairy consumption, and for odds ratios in regard to weight gain, over-
weight/obesity, or abdominal obesity.

Findings

24 studies (27 reports) met the inclusion criteria for the systematic review, and 22 studies
provided sufficient data for inclusion in the meta-analysis. The meta-analysis of the five
studies on changes in body weight per serving of dairy no significant results could be found
for whole fat dairy and low fat dairy. However, there was inverse association between
changes in body weight for each serving’s increase of yogurt (beta: -40.99 gram/year, 95%
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Cl, -48.09 to -33.88), whereas each serving’s increase of cheese was positively associated
(beta: -10.97 gram/year, 95% CI, 2.86 to 19.07). Furthermore, the highest dairy intake cate-
gory was associated with a reduced risk of abdominal obesity (OR: 0.85; 95% ClI, 0.76 to
0.95), and risk of overweight (OR: 0.87; 95% CI, 0.76 to 1.00) compared to the lowest intake
category. No significant association could be observed for risk of weight gain.

Conclusion

In summary the results of the meta-analysis still reflect that dairy consumption was not posi-
tively related to changes in body weight. Yogurt was the only dairy food that showed some
evidence for a beneficial effect, where higher intakes were inversely associated a reduced
risk of obesity, changes in body weight or waist circumference. Further research is needed,
since the overall interpretation of the results is limited by heterogeneous risk estimates.

Introduction

Most dietary guidelines recommend the consumption of milk and dairy products as important
components of a healthy, well-balanced diet. Dairy products are a high-quality protein source
providing a substantial proportion of the recommended adult nutrient intake of calcium,
iodine, riboflavin, and vitamin By,. It is thus well reasoned that for instance public health mea-
sures in the USA recommend an increased intake of fat-free or low-fat milk and milk products
[1].

Several recent meta-analyses of prospective cohort studies have shown that dairy consump-
tion is associated with a reduced risk of cardiovascular disease, hypertension, stroke, and diabe-
tes [2-5]. In line with these findings, a recently published meta-analysis of 76 studies including
659,298 participants showed that higher levels of circulating margaric acid (a component of
ruminant milk fat) was associated with a 23% risk reduction of coronary heart disease [6].

While some meta-analyses have highlighted more favorable effects of low-fat dairy com-
pared to higher-fat dairy products [4, 7], it has been demonstrated that study participants who
consumed more dairy fat and/or high-fat dairy foods at baseline, were leaner and/or gained
less weight over time compared to participants who consumed less [8]. In contrast, a current
meta-analysis of clinical trials could not support the beneficial effect of an increased dairy con-
sumption on body weight and fat loss in long-term studies or studies without energy restriction
[9]. While another meta-analysis of randomized controlled trials (RCTs) has shown that
increasing both, whole and low fat dairy food consumption increases weight [10], a number of
short-term or energy-restricted RCT's report modest benefits of dairy products in facilitating
weight loss [9]. A recent summary of RCT's showed that dairy intake resulted in greater fat
mass reduction in the presence of energy restriction in the short-term compared to a control
group [11].

As a result of the available contradicting and inconclusive results, the association of dairy
products and weight gain, overweight, and obesity has been critically questioned [12, 13]. This
regards the biological nature (e.g. modulation of adipocyte lipid metabolism) as well as the
overall quantitative effect size of the relationship in free living populations. Since we could not
find data on overall effect size of dairy consumption on anthropometric changes, including
changes in body weight and waist circumference (WC), and risk of weight gain/overweight/
obesity we conducted a quantitative meta-analysis of cohort studies with the focus on dairy
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consumption and its association with adiposity as complement to the already conducted meta-
analyses of RCTs.

Materials and Methods

This systematic review was planned and conducted according to the standards of the Meta-
analysis of Observational Studies in Epidemiology [14]. Our protocol has been registered in the
PROSPERO International Prospective Register of Systematic Reviews. (Registration number:
CRD42014013997)

Literature search

A literature search was performed in PubMed, EMBASE, Web of Science, and google scholar
(until May 2016) with no restrictions to language, and calendar date using the following search
terms: (“dairy” OR " milk" OR " yogurt” OR " cheese”) AND (" weight” OR " waist circumference”
OR “BMI” OR “body mass index” OR " obesity” OR “hip”) AND (" longitudinal” OR " prospec-
tive” OR " cohort” OR " change" OR “follow-up”). Moreover, the reference lists from retrieved
articles and systematic reviews, were checked to search for further relevant studies as well as
citations of those articles. Literature search was conducted independently by two authors (LS
and TKU), with disagreements resolved by consensus.

Eligibility criteria

Studies were included in the meta-analysis if they met all of the following criteria: (i) longitudi-
nal study design; (ii) data related to consumption (quantitative amount; i.e. servings per day/
week, gram per day/week intake) of dairy products (including milk, yogurt, cheese, butter); the
primary outcomes were: changes in body weight, either measured continuously (g/year) or
binary as incident major weight gain (e.g. incidence of gaining a specific amount of weight, risk
of overweight, abdominal obesity); the secondary outcomes were: changes in waist circumfer-
ence; (iii) reported adjusted beta-coefficients with corresponding standard error or data neces-
sary to calculate these (95% confidence intervals, (95% CI), standard deviations, p-values); (iv)
mean differences with corresponding standard error in change in measure of adiposity over
time between participants with the highest and lowest intake category; (v) adjusted odds/risk/
hazard ratios with corresponding 95% CI or standard error comparing the highest vs. lowest
dairy intake category; (vi) when a study appeared to have been published in duplicate, the ver-
sion containing the longest follow-up was selected; (vii) study participants were free of chronic
disease (cardiovascular disease, cancer) at baseline of study; (viii) only adults were included
(minimum of 18 years of age).

Data extraction and quality assessment

We extracted the following data from each study: first author’s name, publication year, loca-
tion, cohort name, type of outcome, population (age, sex, and sample size), follow-up duration,
dietary assessment method, definition of dairy products (including the unit of consumption),
whether dairy was modeled continuously or categorical, outcome definition, outcome assess-
ment, statistical analysis method, and variables adjusted for. Further, we extracted data of the
effect sizes with their corresponding uncertainties. When a study reported only separate effect
estimates for males and females, they were treated as different studies. When a study provided
effect estimates for different degrees of adjustment, those from the most completely adjusted
model were chosen. Study quality was assessed in accordance with a recent meta-analysis of
sugar intake and adiposity [15], and included risk of bias (selection of exposed and unexposed
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in cohort studies from different populations; partially flawed measurement of both exposure
(i.e. relied only baseline dairy consumption; measurement error) and outcome (i.e. self-
reported); Inconsistency: i.e. point estimates vary widely across studies; confidence intervals
shows minimal or no overlaps; statistical test for heterogeneity shows a low p-value; I” is large
[16,17].

Statistical analysis

We classified the prospective studies according to the type of measure of association they used
[18]:

1. Adjusted beta-coefficients for the association of dairy intake with subsequent changes in
anthropometric outcomes per g intake;

2. Mean differences of change in anthropometric measures over time comparing the highest
and lowest category of dairy consumption;

3. Odds/risk/hazard ratios for risk of overweight or abdominal obesity, or for risk of gaining a
particular amount of weight.

Study specific results were pooled with random effects models using the DerSimonian-Laird
method, which incorporated both within and between study variability [19]. To evaluate the
weighting of each study, the standard error of the beta-coefficient, mean differences, and for
the logarithm odds/risk/hazard ratios of each study was calculated and regarded as the esti-
mated variance of the beta-coefficients, mean differences, and odds ratio using the DerSimo-
nian-Laird method and the inverse variance method [19]. Mean changes in body weight and
waist circumference and odds/risk/hazard ratios of incident weight gain, overweight, abdomi-
nal obesity were pooled comparing participants who had the highest intakes of dairy with
those who had the lowest intakes.

Separate meta-analyses were performed for the beta-coefficients per g intake, for the mean
changes and for the odds/risk/hazard ratios (adiposity measures) taking the different categories
of intake of dairy products such as total dairy, whole fat dairy, low-fat dairy, cheese, yogurt,
milk). Heterogeneity was tested with the Q statistic and quantified with the I* statistic. I* values
>50% were indicative for substantial heterogeneity across studies [20]. Funnel plots, in which
the effect sizes are plotted against their corresponding uncertainty, were used to assess potential
publication bias if at least 10 studies were available [21]. In order to check sensitivity of the
results we also conducted all analysis with a fixed effects model using an inverse variance
method [19]. We used the “metan” command in Stata 12.0 (Stata Corp. 2011, Texas, USA) for
all meta-analyses.

Results
Literature search and study characteristics

24 studies (27 reports) met the inclusion criteria for the systematic review [22-48], and 22
studies provided sufficient data for inclusion in the meta-analysis (reported quantitative
amount of dairy consumption) [23-44, 46-48] (S1 PRISMA Checklist). The study selection
process is reported in the Flow diagram (S1 Fig and S1 Table). Of these, seven studies (eight
reports) analyzed changes in body weight solely [27-30, 33, 37, 45, 48], four studies (five
reports) changes in waist circumference solely [25, 34, 35, 43, 44] and five studies both changes
in body weight and waist circumference [32, 38, 40-42], while ten studies (11 reports) mea-
sured changes in risk of weight gain, overweight, and abdominal obesity [23, 24, 26, 27, 31, 36,
39, 44, 46-48]. General study and specific characteristics are given in Table 1. Sample size
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Table 1. Characteristics of prospective observational studies included in the qualitative systematic review or quantitative meta-analysis.

Author, year Country Cohort Outcome Population, Age at entry Sex Dairy products Adjustment Dietary
Follow-up (years) (categories) assessment
(years)
Babio et al. Spain PREDIMED Risk of 1868, 3.2 55-80 M&W  Tertiles of yogurt Intervention group, sex, age, leisure FFQ
2015 abdominal consumption (>450g/ time physical activity, BMI, current
obesity daily vs. <287g/daily) smoker, former smoker, use of
(low fat vs. high-fat); hypoglycemic, hypolipidemic,
antihypertensive, and insulin
treatment at baseline, plus mean
consumption during follow-up of
vegetables, fruit, legumes, cereals,
fish, red meat, cookies, olive oil, and
nuts, as well as alcohol
Drapeau et al. Canada Quebec Family Changes inbody 248, 6 18-65 M&W  Skimmed and partly Al variables are adjusted for initial 3-day dietary
2004 Study weight/ WC skimmed milk (BW, age, baseline body-weight, or records
WC), Yogurt with <2% adiposity indicators and changes in
fat (WC) daily physical activity level (only
yogurt)
Duffey et al. USA CARDIA Risk of high WC 5040, 20 18-30 M&W  Low fat milk, whole fat For race, sex, exam center, year 0 FFQ
2010 (>102 cm for milk age, weight, smoking status, energy
men, >88 cm for from food, total physical activity,
women) energy from the 3 other beverages,
energy from alcohol
Esfahani et al. Iran Teheran Lipid and Changes inbody 851, 3 19-78 M&W  Dairy foods (increased Age, body weight, education level, FFQ
2014 Gilucose Study weight (>0.5 kg) or decreased intake) smoking behavior, physical activity
Fumeron et al. France DESIR Changes in WC 3417,9 30-65 M&W  Dairy consumption Gender, age, smoking, physical FFQ
2011 score (4 vs 1) activity, fat intake, BMI
Funtikova et al. Spain Population based Changes in WC, 2181, 10 25-74 M&W 100 kcal increase in Sex, age, baseline WC, smoking, FFQ
2015 survey Girona Risk of whole milk, or skim and energy intake, education level,
abdominal low-fat milk, Highest physical activity, energy-under and
obesity (>200 ml) vs. lowest over-reporting. Modified
(no consumption) tertile Mediterranean diet score
of whole milk, skim and
low-fat milk
Holmberg et al. Sweden Cohort from the Central obesity 1322, 23 40-60 M&W  High fat versus low fat Crude 15-item
2013 Swedish National (WHR>1) milk, Butter versus low questionnaire
Farm Register fat margarine/nothing,
Whipping cream vs
never
Kaikkonen etal.  Finland Young Finns Study Changes in 1715, 6 24-39 M&W  Monthly use of industrial  n.d FFQ
2015 weight, and BMI milk products
(baseline)
Martinez- Spain SUN Changes inbody 8516, 6.6 Mean age M&W  Quintiles of yogurt Sex, age, baseline weight, physical FFQ
Gonzalez et al. weight; and risk 37.1 (£+10.8) consumption (low fat vs.  activity, hours of TV watching, hours
2014; Sayon- of overweight high-fat) (0—2/week vs. spent sitting down, smoking status,
Orea et al. 2015 and obesity; risk >7/week) snacking between meals, following
of abdominal a special diet, total energy intake,
obesity adherence to the Mediterranean
diet, marital status, and years of
education
Mozaffarian USA NHS I, NHS II, HP Changes inbody 50422, 20; 52.27.2, M&W  Whole fat dairy (butter, Age, BMI, television watching, sleep  FFQ
etal. 2011; Pan weight (kg/each 47898, 12; 37.5%4 .1, cheese, milk); low fat duration, physical activity, alcohol
etal. 2013 4 years) 22557, 20 50.8+7.5 dairy (yogurt, milk) use, smoking, and all of the dietary
factors
Nikolaou et al. United students Changes in body 1275, 20 M&W  2-3x daily 30grams vs. Baseline weight, height, age, and FFQ
2014 Kingdom weight 9-months lower intake gender
Pereira et al. USA Cardia Obesity (among 3157, 10 18-30 M&W  All dairy products Age, sex, race, calorie intake, study FFQ
2002 individuals Reduced fat; High fat; center, baseline BMI, education,
overweight at Milk and milk drinks; daily alcohol intake, smoking status,
baseline) Cheese and sour physical activity, vitamin
cream; Butter and supplements, dietary factors, dairy
cream; Dairy-based components
desserts; yogurt
Poddar et al. USA College students Changes in body 76, 1 Mean M&W  Low fat dairy (0.14 vs. Energy intake, race, sex, BMI, 7-day food
2009 weight, WC age =19.2 0.84 servings/day) percent total body fat record
+0.2
Rajpathak et al. USA HP Changes inbody 19615, 12 40-75 M Quintiles of Total dairy, Age, baseline weight, change in FFQ
2006 weight High fat dairy, Low fat smoking status, baseline and
dairy change in physical activity; changes
in intake of calories, alcohol, total
fat, cereal fiber, glycemic load, fruit
and vegetables, whole grains, trans
fat, caffeine, and low- and high-
caloric soft drinks; and baseline
intakes of all dietary covariates
(Continued)
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Table 1. (Continued)
Author, year Country Cohort Outcome Population, Age at entry Sex Dairy products Adjustment Dietary
Follow-up (years) (categories) assessment
(years)
Rautiainen etal.  USA WHS Changes inbody 18438, 11.2 >45 W Quintile of Total dairy, Age, randomization treatment, FFQ
2016 weight; Risk of High fat dairy, Low fat smoking status, physical activity,
overweight or dairy postmenopausal status,
obesity postmenopausal hormone use,
history of hypercholesterolemia,
history of hypertension, multivitamin
use, alcohol intake, energy intake,
fruit and vegetable intake, BMI
Romaguera European EPIC Changes in WC 48631, 5.5 Exclusion M&W  Dairy products, Milk, Total energy intake, age, baseline FFQ
etal. 2011; Union baseline >60 Yogurt, Cheese (100 weight, baseline height, baseline
Halkjeeret al. years; And kcal increments in WC, BMI, smoking, alcohol intake,
2009 follow-up >65 intake) physical activity, education, follow-
up duration, menopausal status
(women only), and hormone
replacement therapy use (women
only)
Rosell et al. Sweden Swedish Weight gain (>1 19352, 8.8 40-55 M&W  Whole milk and sour Age, height and weight at baseline, FFQ
2006 Mammography kg) milk, 3% fat, Medium-fat  education, parity, intake of energy,
Cohort milk, 1.5% fat, Low-fat protein, fat, carbohydrates, fiber,
milk and sour milk, alcohol and changes in intakes
0.5% fat, Cheese, during follow-up, type of dairy
Butter
Sanchez- Spain SUN Changes in body 6319, 2 University M&W  Whole fat dairy: <122.4,  Age, gender, baseline BMI, FFQ
Villegas et al. weight graduates 122.4-254.2, > 254.2 smoking, physical activity, alcohol
2006 Mean: 38 consumption, energy intake, change
in dietary habits
Samara et al. France STANISLAS Changes in body 588, 5 28-60 M&W  Milk, yogurt and cottage  Age, physical activity, alcohol, 3-day food
2013 weight, WC cheese, cheese cigarette consumption, energy diary
intake, education level, mean
adequacy ratio index, value of
MetS-related variable at entry
Shin et al. 2013 Korea Anseong and Risk of 7240, 3.8 40-69 M&W  Dairy and milk Age, sex, physical activity, daily FFQ
Ansan cohort of the  abdominal consumption (none vs. alcohol consumption, smoking pack-
Korean Genome obesity > times/week) year, income, education, total
and Epidemiology energy intake
Study
Snijder et al. Holland Hoorn Study Changesinbody 1124,6.4 50-75 M&W  Total Dairy (servings/ Age, sex, total energy intake, FFQ
2008 weight, and WC day) baseline value of the outcome
variable, alcohol intake, smoking,
physical activity
Vergnaud et al. European SU.VL.MAX Changes inbody 2267, 6 25-70 M&W  Total dairy, milk, Intervention group, baseline value of  FFQ
2008 Union weight, and WC cheese, yogurt (Quartile  the outcome, educational level,
consumption) smoking status, physical activity
level, energy intakes, mean
adequacy ratio, and intakes of
alcohol
Wang et al. USA Framingham Heart Changes inbody 3440, 12.9 28-62 M&W  total dairy; high-fat; low- ~ Sex and time-varying variables FFQ
2013 Study Offspring weight, and WC fat; skim low fat-milk; including age, smoking status,
cheese; yogurt (<1 physical activity and weight at the
servings/1-<3 servings, beginning of each exam interval,
>3 servings) and average total energy intake and
Dietary Guidelines Adherence Index
(DGAI) score during each exam
interval
Zong etal. 2013  China Nutrition and Health ~ Changes in WC 3289, 6 50-70 M&W  Serving dairy Age, sex, region, residence, 74-item FFQ

of Aging Population
in China

smoking status, family history of
diabetes, BMI (not for BMI and waist
circumference), dietary fiber intake,
and baseline values of respective
variables

BMI: body mass index; FFQ: food frequency questionnaire; MUFA: monounsaturated fatty acids; n.d., no data; WHR: waist-to-hip ratio.

doi:10.1371/journal.pone.0157461.t001

varied between 76 and 120,077 participants with a follow-up time ranging from 9 months to 23
years. All studies except for three (Iran, Korea, China) [24, 39, 43] were conducted in North
America and Europe. The dairy (grams/servings/units, percentage of energy intake, frequency

of consumption, or tertiles/quartiles/quintiles) categories and estimates (beta-coefficients,
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mean changes, odds/risk ratios) were heterogeneous. All but four studies, used food frequency
questionnaires as dietary assessment method [22, 26, 32, 38].

Changes in body weight (beta coefficients and mean differences)

In studies that analyzed the association between whole fat dairy intake and changes in body
weight, one study found a significant positive association. In this study by Mozaffarian et al.
[28] every serving increase was associated with a 26.05 gram/year (95% CI, 19.25 to 32.84)
increase among the Nurses’ Health Study I cohort and a 21.52 gram/year (95% CI, 11.89 to
31.14) increase among the participants of the Health Professional Follow-up Study. In the
pooled analysis of studies that analyzed the association between whole fat dairy intake and
changes in body weight, it could be shown that every serving increase was associated with a
non-significant 14.35 gram/year (95% CI, -7.12, 35.82; I” = 90.1%) annual weight increase. For
low fat dairy, a non-significant inverse association could be observed with a -6.02 gram/year
(95% CI, -16.19 to 4.15; = 67.2%) annual weight decrease per serving increase in the random
effects model (Fig 1). Surprisingly, the fixed effect models showed significant results in both
cases when the sensitivity analysis was performed. On the other side, an inverse association
between changes in body weight for each serving’s increase of yogurt (beta: -40.99 gram/year,
95% CI, -48.09 to -33.88) could be observed, whereas each serving’s increase of cheese was pos-
itively associated with changes in body weight (beta: -10.97 gram/year, 95% CI, 2.86 to 19.07).

Weight change %
Author, year (gram per year) (95% Cl) Weight
whole—fat dairy (per serving increase)
Mozaffarian et al. 2011, NHS | *> 26.05 (19.25, 32.84) 32.10
Mozaffarian et al. 2011, NHS Il - -12.46 (-22.65,-2.27) 30.86
Mozaffarian et al. 2011, HPFS - 21.52(11.89,31.14) 31.09
Samara etal. 2013, M * 48.80 (—64.49, 162.09) 3.24
Samara et al. 2013, W -+ 57.80(-67.25,182.85) 271
Subtotal (I-squared =90.1%, p = 0.000) <> 14.35(-7.12,35.82) 100.00
low—fat dairy (per serving increase)
Mozaffarian et al. 2011, NHS | —3.40(-9.63,2.83) 35.62
Mozaffarian et al. 2011, NHS Il 3.40(-5.10,11.89) 31.95
Mozaffarian et al. 2011, HPFS —16.99 (—26.05, -7.93) 31.00

Samaraetal. 2013, M *
Samara et al. 2013, W
Subtotal (I-squared = 67.2%, p = 0.016)

—81.80 (-206.45, 42.85) 0.66
—12.40(-127.25, 102.45) 0.77
—6.02(-16.19,4.15) 100.00

.yogurt (per serving increase)
Mozaffarian et al. 2011, NHS |
Mozaffarian et al. 2011, NHS |l

—36.25 (—47.03,-25.47) 43.50
—45.00 (-56.27, -33.73) 39.80

ottty ;
041 O et

Mozaffarian et al. 2011, HPFS —43.75 (—-61.14, —26.36) 16.71
Subtotal (I-squared = 0.0%, p =0.515) —40.99 (—48.09, —33.88) 100.00
‘cheese
Mozaffarian et al. 2011, NHS | 6.75(0.58,12.92) 56.91
Mozaffarian et al. 2011, NHS |l 6.75 (—60.38, 73.88) 1.43
Mozaffarian et al. 2011, HPFS 16.88 (7.91, 25.84) 41.65
Subtotal (I-squared = 40.0%, p = 0.189) 10.97 (2.86, 19.07) 100.00
;jairy (per serving increase)
Snijder et al. 2008 —— 11.56 (—13.55, 36.67) 100.00
Subtotal (I-squared =.%,p=".) <> 11.56 (-13.55, 36.67) 100.00
NOTE: Weights are from random effects analysis |
T T I T T
—400 —250 0 250 400
reduced adiposity increased adiposity

Fig 1. Forest plot of associations between changes in body weight (gram/year) and dairy consumption in cohort studies of adults.
doi:10.1371/journal.pone.0157461.g001
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No significant effects on changes in body weight could be observed when pooling the high-
est vs. lowest dairy, yogurt, cheese, whole-fat dairy, and low-fat dairy intake categories (S2 Fig).

Changes in waist circumference (beta coefficients and mean
differences)

Concerning changes in waist circumference, the study by Romaguera [34] observed that every
100 kcal increase in milk, yogurt, or cheese was associated with a decrease in waist circumfer-
ence in both men and women, whereas no significant association between a 100 kcal increase
in whole, and skim/low fat milk could be observed. In the random effects model the value for
milk was -0.02 cm/year (95% CI, -0.02 to -0.01; I* = 47.9%) annual waist circumference change
per serving increase, for yogurt the value was -0.02 cm/year (95% CI, -0.04 to -0.01; I = 0%),
and for cheese -0.02 cm/year (95% CI, -0.04 to -0.00; I> = 0%) (S3 Fig).

When comparing the highest versus lowest categories of dairy consumption and changes in
waist circumference, it could be shown that dairy was associated with a non-significant (-0.07
cm/year, 95% CI, -0.09 to 0.01; 12 = 54%) annual decrease in the random effects model (S4 Fig).
No significant associations could be observed for milk, low-fat dairy, high-fat dairy, yogurt and
cheese consumption.

Risk of overweight, abdominal obesity/weight gain (odds/risk/hazard ratio)

Pooling three studies [27, 31, 48] showed a reduced risk between dairy consumption and risk of
overweight (OR/RR/HR: 0.87; 95% CI, 0.76 to 1.00; I = 0%), one of which focused on yogurt con-
sumption (S5 Fig). A significant inverse association could be also observed between dairy products
and risk of abdominal obesity (OR/RR/HR: 0.85; 95% CI, 0.76 to 0.95; *=81.1%) (Fig 2). No sig-
nificant associations were observed for overall dairy intake and weight gain, and the intake of milk
and risk of weight gain and overweight. However, sensitivity analysis comparing low-fat vs. whole-
fat dairy yielded in a significant reduction for adiposity only for whole fat dairy products (S6 Fig).

Study quality, methodological issues

The present systematic review included 24 longitudinal studies (27 reports) lasting at least 9
months, and in which data relating to an association between dairy products and a measure of
adiposity could be extracted. Of these 24 studies, five used self-reported estimates of body
weight or waist circumference, validated in a subsample [27, 28, 30, 33, 36, 48] and three used
self-assessed anthropometric parameters only in the follow-up [34, 37]. Regarding the dietary
assessment methods, all but four applied food frequency questionnaires, two of which used die-
tary records [22, 32], one repeated 24-h dietary records [41], and one study a 15-item question-
naire [26]. Collected exposure data from questionnaires where the validity for assessing dairy
intakes was not stated or not assessed included five studies [26, 32, 38, 40, 45], and 13 (14
reports) out of 23 studies provided estimates that were adjusted for total energy intake. The
wide range of methods of assessing dairy exposures and adiposity outcomes as well as the
inconsistency in the covariates used to adjust analyses made pooling studies difficult.

Discussion

Opverall the results of the present meta-analysis showed that higher intakes of dairy products
were not associated with increased body weight gain. In the fixed effects model whole fat dairy
products were associated with a small but significant increase in body weight, whereas low-fat
dairy was inversely related to changes in body weight. An increase in dairy intake was inversely
related to changes in waist circumference. The pooled results from the Harvard cohorts suggest
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%

Author, year Odds/risk/hazard ratio (95% Cl) Weight

|
low—fat dairy I
Duffey et al. 2010 —— 1.02(0.95,1.10) 13.66
Funtikova et al. 2015 ﬁ—‘__ 0.90(0.72,1.13) 945
Subtotal (I-squared = 8.8%, p = 0.295) I <> 1.00(0.92, 1.09) 23.12
whole—fat dairy I
Duffey et al. 2010 I —_—— 1.06 (0.98, 1.15) 13.52
Funtikova et al. 2015 I L 1.15 (0.89, 1.49) 852
Holmberg et al. 2013, high fat milk € * I 0.64 (047,0.87) 720
Holmberg et al. 2013, butter € * I 0.64 (0.47,0.87) 720
Holmberg et al. 2013, whipping cream . 0.69 (0.51,0.93) 735
Subtotal (I-squared = 84.0%, p = 0.000) ¢ 0.83 (0.64,1.07) 4380
dairy I
shin etal. 2013 —_— 073(0.61,087) 10.76
Subtotal (I-squared = 96, p=) OI 073 (061,087) 1076
yogurt
Babio etal. 2015 _._I 0.74(0.61,0.90) 10.34
Sayon—Orea et al. 2015 —_—— 0.85 (0.74,0.98) 1198
Subtotal (I-squared =23.4%, p =0.253) ¢ 0.81(0.71,0.92) 2232
Overall (I-squared = 81.1%, p = 0.000) ¢ 0.85 (0.76,095) 100.00
NOTE: Weights are from random effects analysis I

I I I !
5 75 1 125 2
reduced adiposity increased adiposity

Fig 2. Forest plot showing pooled OR/RR/HR with 95% CI for abdominal obesity comparing categories of milk intakes.
doi:10.1371/journal.pone.0157461.g002

that higher yogurt intake is the only dairy food inversely related with changes in body weight [28],
whereas each serving’s increase of cheese was positively associated with body weight. Furthermore
the comparing the highest category of dairy consumption was associated with a reduced risk of
overweight, and abdominal obesity (mainly contributed throughout whole-fat dairy products).

As stated by Prentice [49], there are only two foods consumed by humans that have been designed
to meet the entire nutrient needs of a complex organism: milk and eggs. Diets containing high pro-
portions of both foods are thus unsurprisingly beneficial for healthy growth and development.

To summarize the relationship between dietary calcium intake and BMI after correction for
trials effect, a mixed model regression analysis was conducted using mean data reported in the
analyzed studies. While dairy products remain the major source for calcium [50], the role of
dairy components in the regulation of energy metabolism, weight and body fat regulation, has
not been clearly elucidated. However, the most reasonable mechanism refers to a modulation
of adipocyte lipid metabolism and fatty acid absorption from the gastrointestinal tract by the
effects of dietary calcium on intracellular calcium [51]. Additionally, research indicates that
high calcium intake may reduce lipogenesis and increase lipolysis by hormone regulation [52].
A meta-analysis of clinical trials showed that calcium supplementation was associated with a
significant weight and fat mass reduction. However, this meta-analysis is not interpretable and
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has major methodological flaws, since the authors used the standard error instead of the stan-
dard deviation for one study, causing an overestimation of the effect size [53].

In addition, other dairy compounds with beneficial effects on weight and body fat loss have
been proposed. As such, whey protein (effects on muscle sparing and lipid metabolism [54-
56]), conjugated linoleic acid (regulation of adipogenesis, inflammation, and lipid metabolism
[57]) are promising constituents. Additional to their effect on satiety [58], milk proteins are
insulinotropic. Taken together, milk proteins may play an important role in explaining the
association between dairy consumption and body weights [59].

Evidence from the present meta-analysis indicates an inverse association between yogurt
consumption and weight gain. Nutrients from yogurt have a higher bioavailability compared
to other forms of dairy [60]. Recent research indicates that gut microbiota plays a decisive role
in weight control [61-63]. It is hypothesized that probiotic yogurt enhances the growth of ben-
eficial intestinal microbiota and modulates gut function through regulation of the immune sys-
tem. These effects have been discussed to facilitate weight loss or weight maintenance [64],
which is also the crucial factor in the prevention of type 2 diabetes mellitus [65]. In line with
our results, meta-analyses of prospective studies have shown that fermented dairy products
were associated with a 12-17% reduction in type 2 diabetes mellitus [4, 5].

To our knowledge, no high quality long-term RCT's analyzing weight outcome were con-
ducted, so the level of evidence is limited.

When analyzing dairy products as part of a healthy diet, the unfavourable effects cannot be
left disregarded. First, according to data from the NHANES III certain dairy products (regular
cheese, dairy desserts, low-fat milk, whole-fat milk, and butter) contribute to 25% of the satu-
rated fat intake in the US diet [66]. In European countries, these numbers are even higher with
a proportion of 41% [67]. Second, reducing saturated fat intake is pivotal of most dietary rec-
ommendations to reduce the risk of coronary heart disease [68, 69].

A number of prospective epidemiological studies have investigated the dairy-weight loss
hypothesis [23-44]. It should be noted that US and European prospective cohort studies are
susceptible to unmeasured confounding by individual dietary components. Diets arise from a
complex network of foods consumed within and between meals where clustering of “healthy”
or “unhealthy” behaviors is common. Specifically, yogurt and milk consumption have often
been associated with a better overall dietary profile and inversely associated with the consump-
tion of sugar-sweetened beverages, especially soda and fruit juices [70-72].

Regarding anthropometric outcomes, a longitudinal study showed that a healthy dietary
pattern high in reduced-fat dairy was inversely associated with BMI and with waist circumfer-
ence [73]. In the case of dietary patterns as exposures, the individual contribution of specific
food groups to the effect cannot be quantified, but rather the results are seen as the effect of the
interaction of this complex network of foods over the outcome.

Dairy consumption patterns may differ across countries. As such, in the US, a large proportion
of dairy fat is consumed via commercial foods such as ice cream and pizza [74]. Although this
holds true throughout the industrialized world, there is a stronger tradition in European countries
to consume whole-fat dairy products (plain cheeses, unsweetened yogurt and plain butter).

Limitations

The present systematic review has several limitations. First, baseline and follow-up body weight
assessment were measured differently across cohorts (data based on self-report and exact
weight measure method). For some included studies, only baseline dairy consumption was
used (assuming a stable consumption over time). Common problems in prospective cohort
studies, like measurement errors, have to be noted. In most studies, dietary intake is calculated
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from self-assessment tools such as FFQs [75]. As it is difficult to disentangle the effects of dairy
fat from the food within which it was consumed using observational methods, this may also be
considered as an additional confounding factor [8].

Second, the included studies showed substantial heterogeneity with respect to the analyzed
population size, follow-up length, baseline age, dairy categories, adjustment factors, and out-
come estimates.

Thirdly, since the power of each meta-analysis was limited by the low number of studies,
potential confounding explored by stratified analysis could not be conducted.

Conclusion

In conclusion, the results of the present meta-analysis indicate that dairy consumption was not
related to changes in body weight, but inversely associated to changes in waist circumference,
risk of overweight and abdominal obesity. Yogurt was the only dairy food that showed some
evidence for a beneficial effect, where higher intakes were inversely associated with a reduced
risk of obesity, changes in body weight and waist circumference. Further research is needed,
since the overall interpretation of the results is limited by heterogeneous risk estimates.

Supporting Information

S1 PRISMA ChecKlist.
(DOC)

S1 Fig. Flow diagram.
(DOCX)

S2 Fig. Forest plot of mean changes in body weight (gram/year) comparing the highest vs
lowest dairy consumption category.
(EPS)

S$3 Fig. Forest plot of associations between changes in waist circumference (cm/year) and
dairy consumption in cohort studies of adults.
(EPS)

S4 Fig. Forest plot of mean changes in waist circumference (cm/year) comparing the high-
est vs lowest dairy consumption category.
(EPS)

S5 Fig. Forest plot showing pooled OR/RR/HR with 95% CI for overweight comparing cat-
egories of dairy intakes.
(EPS)

S6 Fig. Forest plot showing pooled OR/RR/HR with 95% CI for adiposity comparing low
vs. whole—fat dairy intakes.
(EPS)

S1 Table. Full-text articles excluded with reasons.
(DOCX)

Author Contributions

Conceived and designed the experiments: LS TKU SK HB. Performed the experiments: LS
TKU. Analyzed the data: LS TKU. Contributed reagents/materials/analysis tools: LS TKU.
Wrote the paper: LS GH CS TKU BM SK HB.

PLOS ONE | DOI:10.1371/journal.pone.0157461 June 16,2016 11/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157461.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157461.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157461.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157461.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157461.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157461.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157461.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157461.s008

@’PLOS ‘ ONE

Dairy and Obesity

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

Hite AH, Feinman RD, Guzman GE, Satin M, Schoenfeld PA, Wood RJ. In the face of contradictory evi-
dence: report of the Dietary Guidelines for Americans Committee. Nutrition. 2010; 26(10):915-24. doi:
10.1016/j.nut.2010.08.012 PMID: 20888548.

Hu D, Huang J, Wang Y, Zhang D, Qu Y. Dairy foods and risk of stroke: a meta-analysis of prospective
cohort studies. Nutr Metab Cardiovasc Dis. 2014; 24(5):460-9. Epub 2014/01/30. doi: 10.1016/j.
numecd.2013.12.006 PMID: 24472634.

Soedamah-Muthu SS, Ding EL, Al-Delaimy WK, Hu FB, Engberink MF, Willett WC, et al. Milk and dairy
consumption and incidence of cardiovascular diseases and all-cause mortality: dose-response meta-
analysis of prospective cohort studies. Am J Clin Nutr. 2011; 93(1):158-71. Epub 2010/11/12. doi: 10.
3945/ajcn.2010.29866 PMID: 21068345; PubMed Central PMCID: PMCPMC3361013.

Tong X, Dong JY, Wu ZW, Li W, Qin LQ. Dairy consumption and risk of type 2 diabetes mellitus: a
meta-analysis of cohort studies. Eur J Clin Nutr. 2011; 65(9):1027-31. Epub 2011/05/12. doi: 10.1038/
ejcn.2011.62 PMID: 21559046.

Aune D, Norat T, Romundstad P, Vatten LJ. Dairy products and the risk of type 2 diabetes: a systematic
review and dose-response meta-analysis of cohort studies. Am J Clin Nutr. 2013; 98(4):1066—83. Epub
2013/08/16. doi: 10.3945/ajcn.113.059030 PMID: 23945722.

Chowdhury R, Warnakula S, Kunutsor S, Crowe F, Ward HA, Johnson L, et al. Association of dietary,
circulating, and supplement fatty acids with coronary risk: a systematic review and meta-analysis.
Annals of internal medicine. 2014; 160(6):398-406. doi: 10.7326/M13-1788 PMID: 24723079.

Ralston RA, Lee JH, Truby H, Palermo CE, Walker KZ. A systematic review and meta-analysis of ele-
vated blood pressure and consumption of dairy foods. Journal of human hypertension. 2012; 26(1):3—
13. doi: 10.1038/jhh.2011.3 PMID: 21307883.

Kratz M, Baars T, Guyenet S. The relationship between high-fat dairy consumption and obesity, cardio-
vascular, and metabolic disease. European journal of nutrition. 2013; 52(1):1-24. doi: 10.1007/s00394-
012-0418-1 PMID: 22810464.

Chen M, Pan A, Malik VS, Hu FB. Effects of dairy intake on body weight and fat: a meta-analysis of ran-
domized controlled trials. Am J Clin Nutr. 2012; 96(4):735-47. Epub 2012/08/31. doi: 10.3945/ajcn.
112.037119 PMID: 22932282; PubMed Central PMCID: PMCPMC3441106.

Benatar JR, Sidhu K, Stewart RA. Effects of high and low fat dairy food on cardio-metabolic risk factors:
a meta-analysis of randomized studies. PLoS One. 2013; 8(10):e76480. Epub 2013/10/23. doi: 10.
1371/journal.pone.0076480 PMID: 24146877; PubMed Central PMCID: PMCPMC3795726.

Booth AO, Huggins CE, Wattanapenpaiboon N, Nowson CA. Effect of increasing dietary calcium
through supplements and dairy food on body weight and body composition: a meta-analysis of rando-
mised controlled trials. Br J Nutr. 2015:1-13. Epub 2015/08/04. doi: 10.1017/s0007114515001518
PMID: 26234296.

Heggie SJ, Wiseman MJ, Cannon GJ, Miles LM, Thompson RL, Stone EM, et al. Defining the state of
knowledge with respect to food, nutrition, physical activity, and the prevention of cancer. The Journal of
nutrition. 2003; 133(11 Suppl 1):3837S-42S. PMID: 14608123.

Louie JC, Flood VM, Hector DJ, Rangan AM, Gill TP. Dairy consumption and overweight and obesity: a
systematic review of prospective cohort studies. Obes Rev. 2011; 12(7):e582-92. Epub 2011/04/28.
doi: 10.1111/j.1467-789X.2011.00881.x PMID: 21521450.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) group. JAMA. 2000; 283(15):2008—12. Epub 2000/05/02. PMID: 10789670.

Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight: systematic review and meta-analy-
ses of randomised controlled trials and cohort studies. Bmj. 2013; 346:€7492. doi: 10.1136/bm|.e7492
PMID: 23321486.

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guidelines: 1. Introduction-
GRADE evidence profiles and summary of findings tables. Journal of clinical epidemiology. 2011; 64
(4):383-94. doi: 10.1016/j.jclinepi.2010.04.026 PMID: 21195583.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging
consensus on rating quality of evidence and strength of recommendations. Bmj. 2008; 336(7650):924—
6. Epub 2008/04/26. doi: 10.1136/bm|.39489.470347.AD PMID: 18436948; PubMed Central PMCID:
PMC2335261.

Schwingshackl L, Hoffmann G, Kalle-Uhimann T, Arregui M, Buijsse B, Boeing H. Fruit and Vegetable
Consumption and Changes in Anthropometric Variables in Adult Populations: A Systematic Review
and Meta-Analysis of Prospective Cohort Studies. PLoS One. 2015; 10(10):e0140846. Epub 2015/10/
17. doi: 10.1371/journal.pone.0140846 PMID: 26474158; PubMed Central PMCID: PMCPMC4608571.

PLOS ONE | DOI:10.1371/journal.pone.0157461

June 16,2016 12/15


http://dx.doi.org/10.1016/j.nut.2010.08.012
http://www.ncbi.nlm.nih.gov/pubmed/20888548
http://dx.doi.org/10.1016/j.numecd.2013.12.006
http://dx.doi.org/10.1016/j.numecd.2013.12.006
http://www.ncbi.nlm.nih.gov/pubmed/24472634
http://dx.doi.org/10.3945/ajcn.2010.29866
http://dx.doi.org/10.3945/ajcn.2010.29866
http://www.ncbi.nlm.nih.gov/pubmed/21068345
http://dx.doi.org/10.1038/ejcn.2011.62
http://dx.doi.org/10.1038/ejcn.2011.62
http://www.ncbi.nlm.nih.gov/pubmed/21559046
http://dx.doi.org/10.3945/ajcn.113.059030
http://www.ncbi.nlm.nih.gov/pubmed/23945722
http://dx.doi.org/10.7326/M13-1788
http://www.ncbi.nlm.nih.gov/pubmed/24723079
http://dx.doi.org/10.1038/jhh.2011.3
http://www.ncbi.nlm.nih.gov/pubmed/21307883
http://dx.doi.org/10.1007/s00394-012-0418-1
http://dx.doi.org/10.1007/s00394-012-0418-1
http://www.ncbi.nlm.nih.gov/pubmed/22810464
http://dx.doi.org/10.3945/ajcn.112.037119
http://dx.doi.org/10.3945/ajcn.112.037119
http://www.ncbi.nlm.nih.gov/pubmed/22932282
http://dx.doi.org/10.1371/journal.pone.0076480
http://dx.doi.org/10.1371/journal.pone.0076480
http://www.ncbi.nlm.nih.gov/pubmed/24146877
http://dx.doi.org/10.1017/s0007114515001518
http://www.ncbi.nlm.nih.gov/pubmed/26234296
http://www.ncbi.nlm.nih.gov/pubmed/14608123
http://dx.doi.org/10.1111/j.1467-789X.2011.00881.x
http://www.ncbi.nlm.nih.gov/pubmed/21521450
http://www.ncbi.nlm.nih.gov/pubmed/10789670
http://dx.doi.org/10.1136/bmj.e7492
http://www.ncbi.nlm.nih.gov/pubmed/23321486
http://dx.doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/pubmed/18436948
http://dx.doi.org/10.1371/journal.pone.0140846
http://www.ncbi.nlm.nih.gov/pubmed/26474158

@’PLOS ‘ ONE

Dairy and Obesity

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986; 7(3):177-88. PMID:
3802833.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Bm.
20083; 327(7414):557—60. Epub 2003/09/06. doi: 10.1136/bm|.327.7414.557 PMID: 12958120;
PubMed Central PMCID: PMC192859.

Higgins JPT GS. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 The
Cochrane Collaboration; 2011.

Drapeau V, Despres JP, Bouchard C, Allard L, Fournier G, Leblanc C, et al. Modifications in food-group
consumption are related to long-term body-weight changes. The American journal of clinical nutrition.
2004; 80(1):29-37. PMID: 15213024.

Duffey KJ, Popkin BM. Energy density, portion size, and eating occasions: contributions to increased
energy intake in the United States, 1977-2006. PLoS medicine. 2011; 8(6):e1001050. doi: 10.1371/
journal.pmed.1001050 PMID: 21738451; PubMed Central PMCID: PMC3125292.

Hosseini Esfahani F, Ejtahed HS, Mirmiran P, Delshad H, Azizi F. Alterations in food group intakes and
subsequent weight changes in adults: tehran lipid and glucose study. International journal of endocri-
nology and metabolism. 2014; 12(3):e17236. doi: 10.5812/ijem.17236 PMID: 25237324; PubMed Cen-
tral PMCID: PMC4166206.

Fumeron F, Lamri A, Emery N, Bellili N, Jaziri R, Porchay-Balderelli |, et al. Dairy products and the met-
abolic syndrome in a prospective study, DESIR. Journal of the American College of Nutrition. 2011; 30
(5 Suppl 1):454S-63S. PMID: 22081692.

Holmberg S, Thelin A. High dairy fat intake related to less central obesity: a male cohort study with 12
years' follow-up. Scandinavian journal of primary health care. 2013; 31(2):89-94. doi: 10.3109/
02813432.2012.757070 PMID: 23320900; PubMed Central PMCID: PMC3656401.

Martinez-Gonzalez MA, Sayon-Orea C, Ruiz-Canela M, de la Fuente C, Gea A, Bes-Rastrollo M.
Yogurt consumption, weight change and risk of overweight/obesity: The SUN cohort study. Nutrition,
metabolism, and cardiovascular diseases: NMCD. 2014; 24(11):1189-96. doi: 10.1016/j.numecd.
2014.05.015 PMID: 25001921.

Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and lifestyle and long-term weight
gain in women and men. N Engl J Med. 2011; 364(25):2392—404. Epub 2011/06/24. doi: 10.1056/
NEJMoa1014296 PMID: 21696306; PubMed Central PMCID: PMCPMC3151731.

Pan A, Malik VS, Hao T, Willett WC, Mozaffarian D, Hu FB. Changes in water and beverage intake and
long-term weight changes: results from three prospective cohort studies. International journal of obe-
sity. 2013; 37(10):1378-85. doi: 10.1038/ij0.2012.225 PMID: 23318721; PubMed Central PMCID:
PMC3628978.

Nikolaou CK, Hankey CR, Lean ME. Weight changes in young adults: a mixed-methods study. Interna-
tional journal of obesity. 2014. doi: 10.1038/ij0.2014.160 PMID: 25152239.

Pereira MA, Jacobs DR Jr., Van Horn L, Slattery ML, Kartashov Al, Ludwig DS. Dairy consumption,
obesity, and the insulin resistance syndrome in young adults: the CARDIA Study. Jama. 2002; 287
(16):2081-9. PMID: 11966382.

Poddar KH, Hosig KW, Nickols-Richardson SM, Anderson ES, Herbert WG, Duncan SE. Low-fat dairy
intake and body weight and composition changes in college students. Journal of the American Dietetic
Association. 2009; 109(8):1433-8. doi: 10.1016/j.jada.2009.05.005 PMID: 19631052.

Rajpathak SN, Rimm EB, Rosner B, Willett WC, Hu FB. Calcium and dairy intakes in relation to long-
term weight gain in US men. The American journal of clinical nutrition. 2006; 83(3):559-66. PMID:
16522901.

Romaguera D, Angquist L, Du H, Jakobsen MU, Forouhi NG, Halkjaer J, et al. Food composition of the
diet in relation to changes in waist circumference adjusted for body mass index. PloS one. 2011; 6(8):
€23384. doi: 10.1371/journal.pone.0023384 PMID: 21858094; PubMed Central PMCID: PMC3157378.

Halkjaer J, Tjonneland A, Overvad K, Sorensen TI. Dietary predictors of 5-year changes in waist cir-
cumference. Journal of the American Dietetic Association. 2009; 109(8):1356—66. doi: 10.1016/j.jada.
2009.05.015 PMID: 19631041

Rosell M, Hakansson NN, Wolk A. Association between dairy food consumption and weight change
over 9y in 19,352 perimenopausal women. The American journal of clinical nutrition. 2006; 84
(6):1481-8. PMID: 17158433.

Sanchez-Villegas A, Bes-Rastrollo M, Martinez-Gonzalez MA, Serra-Majem L. Adherence to a Mediter-
ranean dietary pattern and weight gain in a follow-up study: the SUN cohort. International journal of
obesity. 2006; 30(2):350-8. doi: 10.1038/s].ij0.0803118 PMID: 16231028.

PLOS ONE | DOI:10.1371/journal.pone.0157461

June 16,2016 13/15


http://www.ncbi.nlm.nih.gov/pubmed/3802833
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://www.ncbi.nlm.nih.gov/pubmed/15213024
http://dx.doi.org/10.1371/journal.pmed.1001050
http://dx.doi.org/10.1371/journal.pmed.1001050
http://www.ncbi.nlm.nih.gov/pubmed/21738451
http://dx.doi.org/10.5812/ijem.17236
http://www.ncbi.nlm.nih.gov/pubmed/25237324
http://www.ncbi.nlm.nih.gov/pubmed/22081692
http://dx.doi.org/10.3109/02813432.2012.757070
http://dx.doi.org/10.3109/02813432.2012.757070
http://www.ncbi.nlm.nih.gov/pubmed/23320900
http://dx.doi.org/10.1016/j.numecd.2014.05.015
http://dx.doi.org/10.1016/j.numecd.2014.05.015
http://www.ncbi.nlm.nih.gov/pubmed/25001921
http://dx.doi.org/10.1056/NEJMoa1014296
http://dx.doi.org/10.1056/NEJMoa1014296
http://www.ncbi.nlm.nih.gov/pubmed/21696306
http://dx.doi.org/10.1038/ijo.2012.225
http://www.ncbi.nlm.nih.gov/pubmed/23318721
http://dx.doi.org/10.1038/ijo.2014.160
http://www.ncbi.nlm.nih.gov/pubmed/25152239
http://www.ncbi.nlm.nih.gov/pubmed/11966382
http://dx.doi.org/10.1016/j.jada.2009.05.005
http://www.ncbi.nlm.nih.gov/pubmed/19631052
http://www.ncbi.nlm.nih.gov/pubmed/16522901
http://dx.doi.org/10.1371/journal.pone.0023384
http://www.ncbi.nlm.nih.gov/pubmed/21858094
http://dx.doi.org/10.1016/j.jada.2009.05.015
http://dx.doi.org/10.1016/j.jada.2009.05.015
http://www.ncbi.nlm.nih.gov/pubmed/19631041
http://www.ncbi.nlm.nih.gov/pubmed/17158433
http://dx.doi.org/10.1038/sj.ijo.0803118
http://www.ncbi.nlm.nih.gov/pubmed/16231028

@’PLOS ‘ ONE

Dairy and Obesity

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Samara A, Herbeth B, Ndiaye NC, Fumeron F, Billod S, Siest G, et al. Dairy product consumption, cal-
cium intakes, and metabolic syndrome-related factors over 5 years in the STANISLAS study. Nutrition.
2013; 29(3):519-24. doi: 10.1016/j.nut.2012.08.013 PMID: 23274089.

ShinH, Yoon YS, Lee Y, Kim CI, Oh SW. Dairy product intake is inversely associated with metabolic
syndrome in Korean adults: Anseong and Ansan cohort of the Korean Genome and Epidemiology
Study. Journal of Korean medical science. 2013; 28(10):1482-8. doi: 10.3346/jkms.2013.28.10.1482
PMID: 24133353; PubMed Central PMCID: PMC3792603.

Snijder MB, van Dam RM, Stehouwer CD, Hiddink GJ, Heine RJ, Dekker JM. A prospective study of
dairy consumption in relation to changes in metabolic risk factors: the Hoorn Study. Obesity. 2008; 16
(3):706-9. doi: 10.1038/0by.2007.93 PMID: 18239556.

Vergnaud AC, Peneau S, Chat-Yung S, Kesse E, Czernichow S, Galan P, et al. Dairy consumption and
6-y changes in body weight and waist circumference in middle-aged French adults. The American jour-
nal of clinical nutrition. 2008; 88(5):1248-55. PMID: 18996859.

Wang H, Troy LM, Rogers GT, Fox CS, McKeown NM, Meigs JB, et al. Longitudinal association
between dairy consumption and changes of body weight and waist circumference: the Framingham
Heart Study. International journal of obesity. 2014; 38(2):299-305. doi: 10.1038/ij0.2013.78 PMID:
23736371; PubMed Central PMCID: PMC3809320.

Zong G, SunQ, Yu D, Zhu J, SunL, Ye X, et al. Dairy consumption, type 2 diabetes, and changes in
cardiometabolic traits: a prospective cohort study of middle-aged and older Chinese in Beijing and
Shanghai. Diabetes care. 2014; 37(1):56—63. doi: 10.2337/dc13-0975 PMID: 24026553.

Funtikova AN, Subirana |, Gomez SF, Fito M, Elosua R, Benitez-Arciniega AA, et al. Soft drink con-
sumption is positively associated with increased waist circumference and 10-year incidence of abdomi-
nal obesity in Spanish adults. The Journal of nutrition. 2015; 145(2):328—34. doi: 10.3945/jn.114.
205229 PMID: 25644355.

Kaikkonen JE, Mikkila V, Juonala M, Keltikangas-Jarvinen L, Hintsanen M, Pulkki-Raback L, et al. Fac-
tors associated with six-year weight change in young and middle-aged adults in the Young Finns
Study. Scandinavian journal of clinical and laboratory investigation. 2015; 75(2):133—44. doi: 10.3109/
00365513.2014.992945 PMID: 25600675.

Babio N, Becerra-Tomas N, Martinez-Gonzalez MA, Corella D, Estruch R, Ros E, et al. Consumption of
Yogurt, Low-Fat Milk, and Other Low-Fat Dairy Products Is Associated with Lower Risk of Metabolic
Syndrome Incidence in an Elderly Mediterranean Population. The Journal of nutrition. 2015. Epub
2015/08/21. doi: 10.3945/jn.115.214593 PMID: 26290009.

Sayon-Orea C, Bes-Rastrollo M, Marti A, Pimenta AM, Martin-Calvo N, Martinez-Gonzalez MA. Associ-
ation between yogurt consumption and the risk of metabolic syndrome over 6 years in the SUN study.
BMC public health. 2015; 15:170. Epub 2015/04/17. doi: 10.1186/s12889-015-1518-7 PMID:
25880313; PubMed Central PMCID: PMCPMC4341573.

Rautiainen S, Wang L, Lee I-M, Manson JE, Buring JE, Sesso HD. Dairy consumption in association
with weight change and risk of becoming overweight or obese in middle-aged and older women: a pro-
spective cohort study. The American Journal of Clinical Nutrition. 2016. doi: 10.3945/ajcn.115.118406

Prentice AM. Dairy products in global public health. Am J Clin Nutr. 2014; 99(5 Suppl):1212s—6s. Epub
2014/03/22. doi: 10.3945/ajcn.113.073437 PMID: 24646820.

St-Pierre NR. Invited Review: Integrating Quantitative Findings from Multiple Studies Using Mixed
Model Methodology1. Journal of dairy science. 2001; 84(4):741-55. doi: http://dx.doi.org/10.3168/jds.
S0022-0302(01)74530-4 PMID: 11352149

Vaskonen T. Dietary minerals and modification of cardiovascular risk factors. The Journal of nutritional
biochemistry. 2003; 14(9):492-506. PMID: 14505811.

Zemel MB. The role of dairy foods in weight management. Journal of the American College of Nutrition.
2005; 24(6 Suppl):537S—-46S. PMID: 16373958.

Onakpoya IJ, Perry R, Zhang J, Ernst E. Efficacy of calcium supplementation for management of over-
weight and obesity: systematic review of randomized clinical trials. Nutrition reviews. 2011; 69(6):335—
43.doi: 10.1111/j.1753-4887.2011.00397.x PMID: 21631515.

Pal S, Ellis V, Dhaliwal S. Effects of whey protein isolate on body composition, lipids, insulin and glu-
cose in overweight and obese individuals. The British journal of nutrition. 2010; 104(5):716-23. doi: 10.
1017/S0007114510000991 PMID: 20377924.

Pihlanto-Leppala A, Koskinen P, Piilola K, Tupasela T, Korhonen H. Angiotensin |-converting enzyme
inhibitory properties of whey protein digests: concentration and characterization of active peptides. The
Journal of dairy research. 2000; 67(1):53—-64. PMID: 10717843.

Komar B, Schwingshackl L, Hoffmann G. Effects of leucine-rich protein supplements on anthropometric
parameter and muscle strength in the elderly: a systematic review and meta-analysis. The journal of
nutrition, health & aging. 2015; 19(4):437—46. doi: 10.1007/s12603-014-0559-4 PMID: 25809808.

PLOS ONE | DOI:10.1371/journal.pone.0157461

June 16,2016 14/15


http://dx.doi.org/10.1016/j.nut.2012.08.013
http://www.ncbi.nlm.nih.gov/pubmed/23274089
http://dx.doi.org/10.3346/jkms.2013.28.10.1482
http://www.ncbi.nlm.nih.gov/pubmed/24133353
http://dx.doi.org/10.1038/oby.2007.93
http://www.ncbi.nlm.nih.gov/pubmed/18239556
http://www.ncbi.nlm.nih.gov/pubmed/18996859
http://dx.doi.org/10.1038/ijo.2013.78
http://www.ncbi.nlm.nih.gov/pubmed/23736371
http://dx.doi.org/10.2337/dc13-0975
http://www.ncbi.nlm.nih.gov/pubmed/24026553
http://dx.doi.org/10.3945/jn.114.205229
http://dx.doi.org/10.3945/jn.114.205229
http://www.ncbi.nlm.nih.gov/pubmed/25644355
http://dx.doi.org/10.3109/00365513.2014.992945
http://dx.doi.org/10.3109/00365513.2014.992945
http://www.ncbi.nlm.nih.gov/pubmed/25600675
http://dx.doi.org/10.3945/jn.115.214593
http://www.ncbi.nlm.nih.gov/pubmed/26290009
http://dx.doi.org/10.1186/s12889-015-1518-7
http://www.ncbi.nlm.nih.gov/pubmed/25880313
http://dx.doi.org/10.3945/ajcn.115.118406
http://dx.doi.org/10.3945/ajcn.113.073437
http://www.ncbi.nlm.nih.gov/pubmed/24646820
http://dx.doi.org/10.3168/jds.S0022-0302(01)74530-4
http://dx.doi.org/10.3168/jds.S0022-0302(01)74530-4
http://www.ncbi.nlm.nih.gov/pubmed/11352149
http://www.ncbi.nlm.nih.gov/pubmed/14505811
http://www.ncbi.nlm.nih.gov/pubmed/16373953
http://dx.doi.org/10.1111/j.1753-4887.2011.00397.x
http://www.ncbi.nlm.nih.gov/pubmed/21631515
http://dx.doi.org/10.1017/S0007114510000991
http://dx.doi.org/10.1017/S0007114510000991
http://www.ncbi.nlm.nih.gov/pubmed/20377924
http://www.ncbi.nlm.nih.gov/pubmed/10717843
http://dx.doi.org/10.1007/s12603-014-0559-4
http://www.ncbi.nlm.nih.gov/pubmed/25809808

@’PLOS ‘ ONE

Dairy and Obesity

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

Noone EJ, Roche HM, Nugent AP, Gibney MJ. The effect of dietary supplementation using isomeric
blends of conjugated linoleic acid on lipid metabolism in healthy human subjects. British Journal of
Nutrition. 2002; 88(03):243-51.

Veldhorst M, Smeets A, Soenen S, Hochstenbach-Waelen A, Hursel R, Diepvens K, et al. Protein-
induced satiety: effects and mechanisms of different proteins. Physiology & behavior. 2008; 94(2):300—
7.

Astrup A, Chaput JP, Gilbert JA, Lorenzen JK. Dairy beverages and energy balance. Physiology &
behavior. 2010; 100(1):67—75. doi: 10.1016/j.physbeh.2010.01.039 PMID: 20152844.

Pfeuffer M, Schrezenmeir J. Milk and the metabolic syndrome. Obesity reviews: an official journal of the
International Association for the Study of Obesity. 2007; 8(2):109-18. doi: 10.1111/1.1467-789X.2006.
00265.x PMID: 17300277.

Zemel MB, Richards J, Milstead A, Campbell P. Effects of calcium and dairy on body composition and
weight loss in African-American adults. Obesity research. 2005; 13(7):1218-25. doi: 10.1038/0oby.
2005.144 PMID: 16076991.

Kallus SJ, Brandt LJ. The intestinal microbiota and obesity. Journal of clinical gastroenterology. 2012;
46(1):16-24. doi: 10.1097/MCG.0b013e31823711fd PMID: 22064556.

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI. An obesity-associated gut
microbiome with increased capacity for energy harvest. Nature. 2006; 444(7122):1027-31. doi: 10.
1038/nature05414 PMID: 17183312.

Maynard CL, Elson CO, Hatton RD, Weaver CT. Reciprocal interactions of the intestinal microbiota and
immune system. Nature. 2012; 489(7415):231—41. doi: 10.1038/nature11551 PMID: 22972296.

Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain as a risk factor for clinical diabetes melli-
tus in women. Ann Intern Med. 1995; 122(7):481-6. Epub 1995/04/01. PMID: 7872581.

Top Food Sources of Saturated Fats among US Population USA: National Cancer Institute; 2013.

Givens |. Animal nutrition and lipids in animal products and their contribution to human intake and
health. Nutrients. 2009; 1(1):71-82. doi: 10.3390/nu1010071 PMID: 22253968; PubMed Central
PMCID: PMC3257589.

Vannice G, Rasmussen H. Position of the academy of nutrition and dietetics: dietary Fatty acids for
healthy adults. Journal of the Academy of Nutrition and Dietetics. 2014; 114(1):136-53. doi: 10.1016/j.
jand.2013.11.001 PMID: 24342605.

Keys A, Menotti A, Karvonen MJ, Aravanis C, Blackburn H, Buzina R, et al. The diet and 15-year death
rate in the seven countries study. Am J Epidemiol. 1986; 124(6):903—15. Epub 1986/12/01. PMID:
3776973.

Guenther PM, Casavale KO, Reedy J, Kirkpatrick Sl, Hiza HA, Kuczynski KJ, et al. Update of the
Healthy Eating Index: HEI-2010. Journal of the Academy of Nutrition and Dietetics. 2013; 113(4):569—
80. doi: 10.1016/j.jand.2012.12.016 PMID: 23415502; PubMed Central PMCID: PMC3810369.

Wang H, Livingston KA, Fox CS, Meigs JB, Jacques PF. Yogurt consumption is associated with better
diet quality and metabolic profile in American men and women. Nutr Res. 2013; 33(1):18-26. doi: 10.
1016/j.nutres.2012.11.009 PMID: 23351406; PubMed Central PMCID: PMC3606818.

Nicklas TA, O'Neil CE, Fulgoni VL 3rd. The role of dairy in meeting the recommendations for shortfall
nutrients in the American diet. Journal of the American College of Nutrition. 2009; 28 Suppl 1:73S-81S.
PMID: 19571165.

Newby P, Muller D, Hallfrisch J, Andres R, Tucker KL. Food patterns measured by factor analysis and
anthropometric changes in adults. The American Journal of Clinical Nutrition. 2004; 80(2):504—13.
PMID: 15277177

U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guide-
lines for Americans. Washington, DC: U.S. Government Printing Office; 2010.

Kirkpatrick SI, Reedy J, Butler EN, Dodd KW, Subar AF, Thompson FE, et al. Dietary assessment in
food environment research: a systematic review. American journal of preventive medicine. 2014; 46
(1):94-102. doi: 10.1016/j.amepre.2013.08.015 PMID: 24355678.

PLOS ONE | DOI:10.1371/journal.pone.0157461

June 16,2016 15/15


http://dx.doi.org/10.1016/j.physbeh.2010.01.039
http://www.ncbi.nlm.nih.gov/pubmed/20152844
http://dx.doi.org/10.1111/j.1467-789X.2006.00265.x
http://dx.doi.org/10.1111/j.1467-789X.2006.00265.x
http://www.ncbi.nlm.nih.gov/pubmed/17300277
http://dx.doi.org/10.1038/oby.2005.144
http://dx.doi.org/10.1038/oby.2005.144
http://www.ncbi.nlm.nih.gov/pubmed/16076991
http://dx.doi.org/10.1097/MCG.0b013e31823711fd
http://www.ncbi.nlm.nih.gov/pubmed/22064556
http://dx.doi.org/10.1038/nature05414
http://dx.doi.org/10.1038/nature05414
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://dx.doi.org/10.1038/nature11551
http://www.ncbi.nlm.nih.gov/pubmed/22972296
http://www.ncbi.nlm.nih.gov/pubmed/7872581
http://dx.doi.org/10.3390/nu1010071
http://www.ncbi.nlm.nih.gov/pubmed/22253968
http://dx.doi.org/10.1016/j.jand.2013.11.001
http://dx.doi.org/10.1016/j.jand.2013.11.001
http://www.ncbi.nlm.nih.gov/pubmed/24342605
http://www.ncbi.nlm.nih.gov/pubmed/3776973
http://dx.doi.org/10.1016/j.jand.2012.12.016
http://www.ncbi.nlm.nih.gov/pubmed/23415502
http://dx.doi.org/10.1016/j.nutres.2012.11.009
http://dx.doi.org/10.1016/j.nutres.2012.11.009
http://www.ncbi.nlm.nih.gov/pubmed/23351406
http://www.ncbi.nlm.nih.gov/pubmed/19571165
http://www.ncbi.nlm.nih.gov/pubmed/15277177
http://dx.doi.org/10.1016/j.amepre.2013.08.015
http://www.ncbi.nlm.nih.gov/pubmed/24355678

