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Associations between Yogurt Consumption and
Weight Gain and Risk of Obesity and Metabolic
Syndrome: A Systematic Review'™
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The role of yogurt consumption in the risk of developing overweight, obesity, or metabolic syndrome has been the subject of epidemiologic studies over
the last 10 y. A comprehensive literature search on MEDLINE and ISI Web of Knowledge from 1966 through June 2016 was conducted to examine the
relation between yogurt consumption and weight gain, as well as the risk of overweight, obesity, or metabolic syndrome, in prospective cohort studies.
Ten articles met all the inclusion criteria and were included in our systematic review. Of the 10 cohort studies, 3 analyzed the relation between yogurt
consumption and the risk of overweight or obesity, 8 analyzed changes in waist circumference or weight changes, 3 studied the association with the risk
of developing metabolic syndrome, and 1 studied the probability of abdominal obesity reversion. Although an inverse association between yogurt

consumption and the risk of developing overweight or obesity was not fully consistent or always statistically significant, all studies but one showed in their
point estimates inverse associations between yogurt consumption and changes in waist circumference, changes in weight, risk of overweight or obesity,
and risk of metabolic syndrome during follow-up, although not all estimates were statistically significant (2 studies). Prospective cohort studies consistently
suggested that yogurt consumption may contribute to a reduction in adiposity indexes and the risk of metabolic syndrome. Therefore, there is a need for

more prospective studies and high-quality randomized clinical trials to confirm this apparent inverse association. Adv Nutr 2017,8(Suppl):1465-54S.
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Introduction

According to the WHO, overweight and obesity is defined as
an excessive or abnormal fat accumulation that may affect
human health. The WHO estimates that being overweight
or obese is the cause of =2.8 million deaths in adults every
year (1). The term metabolic syndrome (MetS)'° has been
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used to describe a combination of metabolic disorders
that, all together, increase the risk of cardiovascular diseases
and type 2 diabetes (2). MetS includes the following meta-
bolic disorders: hypertriglyceridemia (TGs =150 mg/dL or
specific medication), low concentrations of HDL cholesterol
(<40 mg/dL for men and <50 mg/dL for women, or specific
medication), elevated blood pressure (systolic =130 mm Hg
and/or diastolic =85 mm Hg or antihypertensive drug treat-
ment in a patient with a history of hypertension), impaired
glucose metabolism (fasting plasma glucose =100 mg/dL,
specific medication, or previous diagnosis of type 2 diabe-
tes), and central obesity (3). The prevalence of MetS is grow-
ing; this mainly is due to sedentary lifestyles, as well as the
increasing prevalence of obesity. Therefore, the increasing
prevalence of obesity and MetS are major, growing concerns
that should be a priority for public health (4).

Yogurt is the result of milk fermentation by lactic acid with
the use of thermophilic strains of bacteria. The nutrient
content (macronutrients and micronutrients) of yogurt is
very similar to milk, although the concentration of proteins
(3.2 g/100 compared with 3.5 g/100 g), vitamins [riboflavin
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(vitamin B-2) and cyanocobalamin (vitamin B-12)], and
minerals (calcium, magnesium, potassium, and zinc), are
higher in yogurt than in milk (5). Recently, in a cross-
sectional study, Wang et al. (6) reported that individuals who
consumed yogurt had a better quality diet than those who
did not consume yogurt; likewise, potassium intake was
higher, and yogurt consumers were less likely to have an in-
adequate intake of vitamins (vitamins B-2 and B-12), and
minerals (calcium, magnesium, and zinc).

Primarily in the last decade, the possible association
between dairy (not only yogurt) consumption and body
weight has been studied with inconclusive results. For exam-
ple, a review that included 9 prospective cohort studies in
adults conducted in 2010 concluded that more evidence
was needed to support the claim that a high consumption
of dairy products was associated with body weight (7).
In addition, a recent systematic review that included ran-
domized controlled trials (RCTs) and observational stud-
ies assessed the impact of all dairy products and yogurt
consumption specifically on the risk factors for cardiovascu-
lar disease (8). This review concluded that some dairy pro-
ducts and yogurt consumption were associated with reduced
risks of weight gain and obesity, as well as of cardiovascular
disease. A systematic review of the role of dairy product con-
sumption as a protective factor against the development of
MetS was published recently (9). This review concluded
that higher dairy consumption significantly reduced the
risk of MetS, and that each additional increment of 1 dairy
product serving/d conferred a 6% reduction (RR: 0.94; 95%
CI: 0.89, 0.99) in the risk of developing MetS. Furthermore,
2 meta-analyses of RCTs that studied the effect of dairy con-
sumption on weight and body composition found that, in
short-term RCTs, dairy products, although not specifically
yogurt consumption, may have shown some benefits for
weight loss (10, 11). These 2 meta-analyses included 2
RCTs that assessed the association between yogurt consump-
tion and weight loss. More recently, a meta-analysis assessed
the association between dairy consumption and changes in
anthropometric variables, and concluded that a higher in-
take of dairy products was not associated with increased
body weight gain; moreover, yogurt was the only dairy
food that showed some evidence of beneficial effects on
weight, waist circumference, and risk of obesity (12). In
this context, to our knowledge, there are only a few epidemi-
ologic studies that have specifically assessed the role of yo-
gurt consumption on changes in adiposity or the risk of
developing overweight and obesity or MetS. The relation be-
tween the role of yogurt consumption, adiposity changes,
and the risk of developing overweight and obesity or MetS
needs more comprehensive examination.

In order to clarify these associations, we conducted a sys-
tematic review to summarize the existing evidence of the
available prospective studies. This review analyzed the rela-
tion between yogurt consumption and changes in weight or
waist circumference and the risk of becoming overweight or
obese or developing MetS in published reports of prospec-
tive cohort studies.

Methods

The present systematic review was conducted with the standard methods
proposed by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (13). We initially screened published studies
that assessed the relation between yogurt consumption and weight or waist
gain, as well as the risk of overweight or obesity or the risk of MetS. A system-
atic search was conducted in 2 databases: PubMed (http://www.ncbinlm.
nih.gov/pubmed); and Web of Science (http:// webofknowledge.com). All
the studies that were published between 1966 and June 2016 were included
initially. The search terms that were used as search strategy included the fol-
lowing: “yogurt” or “yoghurt” or “dairy” or “yogurt consumption” or “yo-
ghurt consumption” or “dairy consumption” hedged with “weight gain,”
“weight change,” “waist circumference,” “waist change,” “waist gain,” “over-
weight,” “obesity,” or “metabolic syndrome.” For details on the search strat-
egy, see Online Supporting Material. The inclusion criteria included the
following: 1) publication language in English or Spanish; 2) only human
studies; 3) only prospective studies; 4) yogurt consumption was the expo-
sure of interest; 4) the outcome was weight or waist gain, weight or waist
change, risk of overweight, obesity, or MetS; and 5) the authors reported re-
sults from an original peer-reviewed study (i.e., not reviews, editorial com-
ments, letters, or meeting abstracts). Additional articles were identified
from the reference list of included studies or relevant reviews.

Two investigators (CS-O and MB-R) screened the titles and abstracts of
the potentially eligible articles. The full text of the selected articles were read
to verify whether they fulfilled all the inclusion and exclusion criteria.The
following information was extracted from each study that was included in
the systematic review: name of the first author; year of publication; name
of the study and the country; sample size and characteristics of the included
participants, such as age, sex, and baseline BMI; length of follow-up; dietary
intake assessment method; number of FFQ items and validation of the FFQ
(yes or no); exposure (type of yogurt: whole-fat, low-fat, or total yogurt
consumption); and categorization and serving size (for every study, a serv-
ing size was considered to be 125 g or 1 cup). We also extracted a number
of events when applicable, including the covariates included in the fully
adjusted models, the main outcome (weight or waist change, overweight,
obesity, and MetS), B-regression coefficients, and ORs or HRs with corre-
sponding 95% ClIs. This information was extracted by 2 reviewers (CS-O
and MB-R), and discrepancies were resolved.

The Newcastle—Ottawa Scale was used to assess the methodologic qual-
ity of the studies (14). Better methodologic quality was indicated with a
higher score in this scale. Studies with a total score of =7 are usually con-
sidered to be high quality. This scale evaluates 3 aspects: selection of the par-
ticipants, measurement of exposure and outcome, and comparability.

Results

Literature search. The results of the literature search are
shown in Figure 1. In total, 1568 records were identified
in PubMed and Web of Science until June 2016; after exclu-
sion of duplicate records (n = 87), 1481 records were
screened. In the first instance, records were screened only
by title content, and 1358 records were excluded. Then the
full texts of the remaining 123 records were read, and the ar-
ticles that did not meet the inclusion criteria were excluded.
These included reviews, comments, and meeting abstracts
(n = 35); cross-sectional studies or RCTs (n = 33); those
not considering yogurt as exposure (1 = 38); those not con-
sidering weight or waist circumference change, overweight,
obesity, or MetS as the outcome (n = 4); and those in other
languages (n = 4). We added 1 more article that was found
by hand search. Of the remaining 10 articles, 1 presented the
results of 3 different cohort studies that we analyzed sepa-
rately, and 4 presented the results of the same cohorts, but
with different outcomes [the Seguimiento Universidad de
Navarra (SUN) study (2 articles): risk of overweight or
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cohort studies)

10 articles included in the systematic
review (1 article included the results of 3

obesity and risk of MetS; and the Prevencién con Dieta
Mediterrdnea study (2 articles): risk of MetS and change
in waist circumference]. Therefore, this systematic review
finally included 10 cohort studies in total.

Study characteristics. The studies included in the review
had a Newcastle-Ottawa Scale score between a minimum
of 6 and a maximum of 8 points (Table 1).

The information extracted from the 9 cohort studies in-
cluded in the present systematic review are summarized in
Tables 2 and 3. Studies that investigated weight gain, change
in waist circumference, or the risk of overweight or obesity
as outcomes were conducted in the United States (15, 17, 19,
23); France (16); Italy, the United Kingdom, Netherlands,
Germany, and Denmark (18); and Spain (20, 24). Studies
that assessed the incidence of MetS were conducted in the
United States (15) and Spain (21, 22) (Table 2). Yogurt con-
sumption was measured with the use of FFQs in all studies
except one that used a 24-h dietary recall (16). Dietary infor-
mation was updated in 7 studies (16, 17, 19, 22, 24) by using
repeated measurements of dietary intake from repeated
FFQs during the follow-up period (data not shown).

Association between yogurt consumption and weight or
waist circumference change. A total of 8 cohort studies
(16-20, 24) evaluated the association between yogurt con-
sumption and weight or waist circumference changes during
follow-up. Vergnaud et al. (16) found that yogurt consump-
tion was inversely associated with changes in weight and
waist circumference, especially in men who were ini-
tially overweight. In this context, the results by Mozaffarian
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et al. (17), which used data from 3 separate large US co-
horts, investigated the relation between yogurt consumption
(among other dietary components) and long-term weight
gain. These 3 cohorts were the Nurses Health Study
(NHS); the NHS I, a prospective study of younger female
registered nurses; and the Health Professionals Follow-Up
Study. Participants included in these cohorts were followed-
up through mailed questionnaires that were sent every
2 y. The sample sizes of these 3 cohorts were very large;
however, they were substantially reduced after exclusions.
In the final sample, a total of 120,877 participants [98,320
women (50,422 from the NHS and 47,898 from the NHS
IT) and 22,557 men from the Health Professionals Follow-
Up Study] were included in the analyses. All included par-
ticipants were free of obesity and chronic disease at baseline
and all also had complete data on weight and lifestyle habits.
This study concluded that an increase in the number of
servings per day of yogurt was inversely associated with
weight changes. The pooled results from the 3 studies were
—0.37 kg (95% CIL: —0.45, —0.30 kg); P value < 0.001
(the results for each cohort are shown in Table 3). Along
these lines, Romaguera et al. (18) analyzed data from
48,631 men and women from 5 countries who participated
in the European Prospective Investigation in to Cancer and
Nutrition study. After a median follow-up time of 5.5 y, the
estimated inverse association between yogurt consumption
and annual change in waist circumference for a given BMI
was —0.02 cm/y (95% CI: —0.03, —0.01 cm/y) per each
100-kcal increase in yogurt consumption (P < 0.001). Con-
sistent with these results, in the Framingham Study, Wang
et al. (19) also found an inverse association. Consumption



TABLE 1

Quality assessment scores according to the Newcastle-Ottawa Scale'

Selection Comparability Outcome Total score
Study (reference) Year Country (maximum =4) (maximum =2) (maximum =3) (maximum =9)

CARDIA (15) 2002 United States 3 2 3 8
SUVIMAX. (16) 2008 France 3 2 2 7
NHS | (17) 2011 United States 2 2 2 6
NHS 11 (17) 2011 United States 2 2 2 6
HPFUS (17) 2011 United States 2 2 2 6
EPIC (18) 2011 Italy, United Kingdom, 2 2 2 6

Netherlands, Germany,

and Denmark
Framingham Heart Study (19) 2014  United States 2 2 3 7
SUN (20) 2014 Spain 2 2 2 6
SUN (21) 2015 Spain 2 2 2 6
PREDIMED (22) 2015 Spain 3 2 3 8
Women'’s Health Study (23) 2016 United States 2 2 2 6
PREDIMED (24) 2016 Spain 3 2 3 8

' CARDIA, Coronary Artery Risk Development in Young Adults; EPIC, European Prospective Investigation in Cancer and Nutrition; HPFUS, Health Professionals Follow-Up Study;
NHS, Nurses’ Health Study; PREDIMED, Prevencién con Dieta Mediterrdnea; SUN, Seguimiento Universidad de Navarra; SUVLMAX, Supplémentation en Vitamines et Minéraux

Antioxydants.

of =3 servings/wk compared with the lowest category
of yogurt consumption (<1 serving/wk) was associated
with a mean = SE annual decrease in weight and WC of
—0.10 = 0.04 kg (P-trend = 0.03) and —0.13 = 0.05 cm
(P-trend = 0.008), respectively. Martinez-Gonzalez et al.
(20) did not find a significant association between yogurt
consumption and weight change (P-trend = 0.182, 0.153,
and 0.566 for total, whole-fat, and low-fat yogurt consump-
tion, respectively. Finally, Santiago et al. (24) found that the
highest quintile of whole-fat yogurt consumption in com-
parison with the lowest quintile of consumption was associ-
ated with the greatest reduction in waist circumference. The
mean yearly waist circumference change difference between
the fifth and the first quintiles was —0.23 cm/y (95%
CL: —0.46, —0.00 cm/y; P-trend = 0.05).

Association between yogurt consumption and the risk of
overweight and obesity. Three cohort studies assessed the
association between yogurt consumption and the risk of
overweight and obesity. Pereira et al. (15) found an inverse
but not statistically significant association between yogurt
consumption and the risk of obesity in initially overweight
participants (OR: 0.47; 95% CI: 0.19, 1.43). The other study
that assessed the association between yogurt consumption
and the risk of overweight or obesity was the SUN cohort
in Spain (20). The SUN cohort assessed the association be-
tween total, whole-fat, and low-fat yogurt consumption and
the risk of becoming overweight or obese in 8516 university
graduates initially free of overweight who were followed up
for a median period of 6.6 y. During the follow-up period, a to-
tal of 1860 incident cases were identified. Total yogurt and
whole-fat yogurt consumption were found to be inversely and
significantly associated with the risk of becoming overweight
or obese (HR: 0.80; 95% CI: 0.68, 0.94; P-trend = 0.001;
and HR: 0.62; 95% CI: 0.47, 0.82; P-trend < 0.001 for total
and whole-fat yogurt consumption, respectively) when com-
paring high consumption (>7 servings/wk) with low con-
sumption (0-2 servings/wk).

Interestingly, in the SUN study, stratified analyses by low
or high fruit consumption found that in those participants
whose fruit consumption was above the median, yogurt con-
sumption exhibited a stronger inverse association with the
risk of becoming overweight or obese (HR: 0.68; 95% CI:
0.54, 0.86; P-trend = 0.001 for total yogurt; HR: 0.61; 95%
CIL: 0.41, 0.91; P-trend = 0.004 for whole-fat yogurt; and
HR: 0.67; 95% CI: 0.44, 1.02; P-trend = 0.103 for low-fat yo-
gurt consumption), with a statistically significant interaction
(P = 0.03). The inverse association of yogurt consumption
with the risk of becoming overweight or obese was not ap-
parent when fruit consumption was below the median (16).

The third study that assessed the association between yogurt
consumption and the risk of overweight and obesity was con-
ducted in the United States as a part of the Women’s Health
Study (23). This study included 18,438 middle-aged women
with a baseline BMI (in kg/m?) >18.5 and <25. These women
were followed up for a mean of 11.2 y. During the follow-up pe-
riod, 8238 incident cases of overweight or obesity were found.
Contrary to previous studies, the Women’s Health Study found
a higher risk of overweight and obesity associated with yogurt
consumption. The HR of becoming overweight or obese for
the highest category of consumption compared with noncon-
sumers of yogurt was 1.16 (95% CI: 1.02, 1.31; P-trend = 0.002).

Only one study assessed the association between yogurt
consumption and the probability of abdominal obesity rever-
sion. In this study, Santiago et al. (24) included 4545 partic-
ipants at high cardiovascular disease risk, all of whom had
abdominal obesity at baseline. After a median follow-up of
4.9 v, they found that participants in the highest quintile of
whole-fat yogurt consumption had a 43% higher probability
of reverting their abdominal obesity than did participants in
the lowest quintile of whole-fat yogurt consumption (OR:
1.43; 95% CI: 1.06, 1.93; P-trend = 0.26).

Association between yogurt consumption and the risk of
MetS. Three prospective cohort studies assessed the associ-
ation between yogurt consumption and the risk of MetS.
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TABLE 3 Values for the association between yogurt consumption and weight change, incident overweight/obesity, or metabolic
syndrome in prospective epidemiologic studies’

Author, year

(reference) Study Events, n Covariates in the adjusted model Outcome?
Pereira et al,, CARDIA Obesity: 331 Age; sex; calorie intake per day; study center; OR for obesity: 047 (0.16, 1.43)
2002 (15) IRS: 293 baseline BMI; educational level; alcohol intake; OR for IRS: 0.58 (0.20, 1.66)
smoking status; physical activity; vitamin sup-
plements; PUFA, caffeine, and fiber intake; whole
and refined grain, meat, fruit, vegetable, and
soda consumption; and magnesium, calcium,
and vitamin D intake
Vergnaud et al,, SUVIMAX. NA Age, intervention group, baseline value of the Normal weight: quartile 1 weight
2008 (16) outcome, educational level, smoking status, change, 1.00 = 0.25 kg; quartile 4
physical activity level, energy intake, mean ade- weight change, 2.05 = 0.27 kg;
quacy ratio, alcohol intake, menopausal status (in quartile 1 WC, 206 * 043 cm;
women), and milk and cheese consumption quartile 4 WC, 242 = 046 cm;
Overweight: quartile 1 weight change:
1.70 = 0.82 kg; quartile 4 weight
change: 1.59 = 0.712 kg; quartile
1 WC 1.62 £ 1.03 cm; quartile 4
WC: 033 = 0432 cm
Mozaffarian et al, ~ NHS | NA Age, baseline BM|, sleep duration, changes in Weight change within each 4-y
2011 (17) physical activity, alcohol use, television watching, period: —0.34 kg (=041, —0.27 kg)3
smoking, and dietary factors
Mozaffarian et al,  NHS Il NA Age, baseline BMI, sleep duration, changes in Weight change within each 4-y
2011 (17) physical activity, alcohol use, television watching, period: —045 kg (—0.54, —0.36 kg)*
smoking, and dietary factors
Mozaffarian et al, ~ HPFUS NA Age, baseline BM|, sleep duration, changes in Weight change within each 4-y
2011 (17) physical activity, alcohol use, television watching, period: —0.31 kg (—0.43, —0.20 kg)3
smoking, and dietary factors
Romaguera et al,  EPIC NA Total energy intake; age; baseline weight, height,and  Change in WC: all, —0.02 (—=0.03,
2011 (18) WG, smoking; alcohol intake; physical activity; ed- —0.01)% men, —0.03 (—0.05,
ucation; follow-up duration; and menopausal sta- —0.01% women, —0.02 (—0.04,
tus and hormone replacement therapy (in women) —001)°
Wang et al, Framingham NA Sex, age, smoking status, physical activity, and Annual change in weight: <1 serving,
2014 (19) Heart Study weight or WC at the beginning of each exam 0.16 £ 0.02 kg/y; =3 servings, 0.07

Martinez-Gonzélez
et al, 2014 (20)

Sayon-Orea et al,
2015 (21)

Babio et al,,
2015 (22)

Rautiainen
etal, 2016 (23)

SUN Obesity: 1860
SUN MetS: 306
PREDIMED MetS: 930

Women’s Health  Overweight or
Study, United obesity: 8102
States

interval; and mean total energy intake and DAGI
score during each exam interval

Sex, age, baseline weight, physical activity, hours of
television watching, hours spent sitting down,
smoking status, snacking between meals, fol-
lowing a special diet, total energy intake, adher-
ence to Mediterranean diet, marital status, and
years of education

Age, sex, baseline weight, total energy intake, al-
cohol intake, soft drinks, red meat, french fries,
fast food, Mediterranean diet, physical activity,
sedentary behavior, hours sitting, smoking status,
snacking between meals, following a special diet

Sex; age; leisure time physical activity; BMI; smoking
status; use of hypoglycemic, hypolipidemic, an-
tihypertensive, or insulin treatment at baseline;
mean consumption of vegetables, fruit, legumes,
cereals, fish, red meat, cookies, olive oil, nuts, and
alcohol; and MetS components at baseline

Age, randomization treatment, smoking status,
physical activity, postmenopausal status, post-
menopausal hormone use, history of hypercho-
lesterolemia, history of hypertension,
multivitamin use, alcohol intake, energy intake,
and fruit and vegetable intake

+ 0.042 kg/y

Annual change in WC: <1 serving,
0.71 = 0.02 cm/y; =3 servings, 0.57
+ 0042 cm/y

Annual change in weight, >7 vs. <2
servings/wk: total yogurt, —0.029 kg
(—0.088, 0.030 kg); whole-fat yogurt,
—0052 kg (—0.150, 0.045 kg); low-fat
yogurt, —0.032 kg (—0.134, 0.069 kg)

Overweight or obesity, HR: total yogurt,
080 (068, 094)%, wholefat yogurt, 062
(047, 082)°; low-fat yogurt, 084 (061,
1.15)

Incident MetS, OR: total yogurt, 0.84
(0.60, 1.18); whole-fat yogurt, 0.98
(0.68, 1.41); low-fat yogurt, 0.63
(0.39, 1.02)

Incident MetS, HR: total yogurt, 0.77
(065, 091)% whole-fat yogurt, 0.78
(0.66, 0.92)°; low-fat yogurt, 0.73
(062, 0.86)°

Overweight or obesity, HR: yogurt,
1.16 (102, 1.31)°

Yogurt and overweight or obesity and MetS
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TABLE 3 (Continued)

Author, year

(reference) Study Events, n

Covariates in the adjusted model

Outcome?

PREDIMED Reversion of
abdominal

obesity: 867

Santiago et al,,
2016 (24)

Age, sex, physical activity, Mediterranean diet ad-
herence, total energy intake, smoking status,
baseline BMI, intervention group, and center

Annual change in WC, quintile 5 vs.
quintile 1: total yogurt, =021 cm
(=046, 0.05 cm); whole-fat yogurt,
—0.23 cm (—0.46, —0.00 cm)®; low-
fat yogurt, —0.15 cm (=047, 0.17
cm)

Reversion of abdominal obesity, OR:
total yogurt, 1.29 (0.96, 1.73); whole-
fat yogurt, 143 (1.06, 1.93) low-fat
yogurt, 1.02 (0.73, 1.44)

" CARDIA, Coronary Artery Risk Development in Young Adults; DAGI, Dietary Guidelines Adherence Index; EPIC, European Prospective Investigation in Cancer and Nutrition; HPFUS,
Health Professionals Follow-Up Study; IRS, insulin resistance syndrome; MetS, metabolic syndrome; NA, not applicable; NHS, Nurses’ Health Study; PREDIMED, Prevencién con Dieta
Mediterranea; SUN, Seguimiento Universidad de Navarra; SUVIMAX, Supplémentation en Vitamines et Minéraux Antioxydants; WC, waist circumference.

2Values are means (95% Cls) or means = SEs.
3 Statistically significant results.

The first study was conducted by Pereira et al. (15) in 2002.
That study evaluated this association in the Coronary Artery
Risk Development in Young Adults study, a US cohort of
black and white adults aged between 18 and 30 y. The study
was a multicenter population-based study of cardiovascular
disease risk factor evolution. The study found an inverse but
not statistically significant association between yogurt con-
sumption and lower risk of MetS (OR: 0.58; 95% CI: 0.20,
1.66) in overweight individuals at baseline. The second co-
hort study that assessed this relation was conducted in
Spain. In the SUN study, Sayon-Orea et al. (21) analyzed
the association between total, whole-fat, and low-fat yogurt
consumption and the risk of MetS and each of its compo-
nents. During the first 6 y of follow-up, 306 incident cases
of MetS were identified in 8063 participants who were in-
cluded in the study and free of any of these 5 components
of MetS at baseline. Participants who were in the highest cat-
egory of consumption (=7 servings/wk) compared with
those in the lowest category (=2 servings/wk) of total,
whole-fat, and low-fat yogurt consumption showed nonsig-
nificant inverse associations with MetS (OR: 0.84; 95%
CI: 0.60, 1.18; P-trend = 0.32; OR: 0.98; 95% CI: 0.68,
1.41; P-trend = 0.89; and OR: 0.63; 95% CI: 0.39, 1.02;
P-trend = 0.17, respectively]. When each component of
MetS was analyzed, only central adiposity was found to be
inversely associated with total and whole-fat yogurt con-
sumption (OR: 0.85; 95% CI: 0.74, 0.98 and OR: 0.85;
95% CI: 0.73, 0.99, respectively). As in the previous study
of this same cohort, when the joint exposures were assessed
while combining total yogurt consumption and fruit con-
sumption, those in the highest category of total yogurt con-
sumption who were high consumers of fruit [(=264.5 g/d
(the median)] exhibited a significantly lower risk of develop-
ing MetS (OR: 0.61; 95% CI: 0.38, 0.99) than did those in
the lowest category of total yogurt consumption and who
were low consumers of fruit (below the study median).
The last cohort that studied this association was conducted
as a part of the Prevencién con Dieta Mediterrdnea study.
Babio et al. (22) evaluated the association between yogurt
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consumption and the incidence of MetS in a Mediterranean
population at high risk of cardiovascular disease. This study pro-
spectively analyzed 1868 men and women >55 y old who did not
have MetS at baseline, with a median follow-up of 3.2 y. They
observed 930 incident cases of MetS during follow-up. The ad-
justed HRs for the highest compared with the lowest tertile
of yogurt consumption were 0.77; 95% CI: 0.65, 0.91;
P-trend = 0.14; 0.73; 95% CI: 0.62, 0.86; P-trend = 0.004;
and 0.78; 95% CI: 0.66, 0.92; P-trend = 0.003 for total,
low-fat, and whole-fat yogurt consumption, respectively.

Discussion

To the best of our knowledge, this is the first systematic review to
include only longitudinal cohort studies to assess the association
between total yogurt consumption and change in waist circum-
ference or body weight or the risk of being overweight or obese
or developing MetS or reversion of abdominal obesity. To our
knowledge, there is only one previous review that summarized
the evidence until 2014 on yogurt consumption and manage-
ment or maintenance of body weight. In that review, Jacques
and Wang (25) concluded that knowledge of the specific role
that yogurt might play in weight management was still limited.
However, one of the recommendations they gave was to include
yogurt as part of a healthy diet to meet dairy recommendations,
because yogurt is a nutrient-dense, lower-calorie food. There-
fore, with the present systematic review, we tried to expand
on and update the available evidence on the association between
yogurt consumption and body weight—related outcomes.

Of the 10 cohort studies included in this systematic re-
view, 3 analyzed the association between yogurt consump-
tion and the risk of being overweight or obese (15, 20,
23), 8 analyzed changes in waist circumference and/or
weight changes (16-20, 24), 3 studied the association with
the risk of developing MetS (15, 21, 22), and 1 studied the
association with the probability of abdominal obesity rever-
sion (24). Cohorts that studied changes in waist circumfer-
ence or body weight during follow-up showed inverse
associations in their point estimates for both changes in
waist circumference and body weight. This association was



not statistically significant in only one study (20). None of the
included studies showed a detrimental effect of yogurt con-
sumption on weight status or on the risk of developing MetS.

There was also one systematic review of dairy consump-
tion and overweight and obesity (7). In that review, Louie
et al. (7) suggested that there might be a protective effect
of dairy consumption (not exclusively yogurt consumption)
on the risk of overweight and obesity. However, the evidence
was not consistent. That review and the results of another
cohort study (20) concluded that low-fat dairy products or
low-fat yogurts, respectively, did not have more beneficial ef-
fects on weight status or overweight and obesity risk than
did regular whole-fat products. This might be explained
by some benefit inherent in the fat contained in whole-fat
dairy products (26), or alternatively by residual confounding
derived from the fact that participants who consume low-fat
yogurts have special lifestyle characteristics (27), or by the
higher sugar content of low-fat yogurts.

Of the three cohort studies that assessed the association
between yogurt consumption and the risk of becoming over-
weight or obese, 2 found an inverse association (19, 20), and
1 found a positive association (23). The study that found a
positive association was conducted in middle-aged women
(>45 y of age) at prepostmenopausal stage. There is no clear
explanation for these conflicting results. Although the men-
opause transition may play a role in adipose tissue expansion
(28) and may partly account for the heterogeneity in the as-
sociation with yogurt, further studies are needed to better
assess this hypothesis.

Two of the studies included in the present review found
that when yogurt was consumed together with a fruit-rich
overall dietary pattern, the beneficial observed associations
were even more apparent (20, 21). This suggestion of a po-
tential synergistic effect is consistent with the current view
that it is more likely that the interactions between many
components of the diet or the overall quality of a dietary pat-
tern may offer greater protection against obesity or MetS
than each of the isolated food components (29).

Of the mechanisms that have been proposed to support the
observed associations, the most accepted theory is the one pro-
posed by Zemel et al. (30-32) in relation to the metabolism of
calcium. It has been suggested that calcium intake may be
able to reduce lipogenesis and increase lipolysis by the suppres-
sion of the formation of 1,25-dihydroxyvitamin D, and also by
the secretion of parathyroid hormone. In this context, it is
known that increased intake of the calcium contained in dairy
products, and especially in yogurts, might lead to an increase
in fat oxidation (33). A second mechanism could be explained
by the formation of calcium soaps in the intestine, which is pro-
moted after yogurt consumption because of the content of cal-
cium in yogurt. These calcium soaps help to produce increased
fat excretion and reduced fat absorption (33).

Another possible mechanism that could be implicated in
these beneficial effects might be the role that microbiota
may play in the development of obesity and cardiometabolic
diseases (34). Some bacteria that are used as probiotics in yo-
gurt, such as Lactobacillus acidophilus and Bifidobacterium

bifidus, are suggested as helping to prevent or treat some dis-
eases (35, 36). Recently, it has been proposed by Butel (35)
that in some diseases, such as infectious diarrhea, inflamma-
tory bowel disease, irritable bowel syndrome, some allergies,
and diseases due to Helicobacter pylori (such as gastric ulcers
and some gastric cancers), and of course in obesity and diabe-
tes, probiotics might be beneficial. This beneficial effect can be
explained by the probiotic content of yogurt, which may im-
prove gut health and reduce chronic inflammation by enhanc-
ing innate and adaptive immune responses, intestinal barrier
function, and lipid profiles, and by regulating appetite (37).

The available evidence from epidemiologic longitudinal
studies is consistent with the existence of inverse associations
between yogurt consumption and adiposity or MetS. How-
ever, given the scarcity of cohort studies specifically assessing
these associations, a pending issue is the need to better assess
the possibility of publication bias. This bias could occur if au-
thors of studies finding inverse associations were more likely
to submit these studies very early to publication, whereas au-
thors of cohort studies with null or positive associations were
more likely to delay their submissions. Nevertheless, it is in-
teresting to note that some of the published studies did not
show statistically significant results. This fact does not suggest
a publication bias. Another limitation of this review is that we
were only able to search 2 different data bases; therefore, we
might have missed some articles. In addition, because of the
heterogeneity of the included articles, a quantitative meta-
analysis of the results was not possible.

Conclusions

From the results of the investigations presented in this re-
view, we can conclude the following: I) the inverse associa-
tion between yogurt consumption and the risk of developing
overweight or obesity is neither clear nor consistent; there-
fore, there is a need for further prospective studies and
high-quality randomized clinical trials to confirm this sug-
gestion of an inverse association; 2) anthropometric variables
such as weight and waist change might be reduced within an
overall dietary pattern that includes frequent consumption
of yogurt, especially when yogurt is consumed as part of a
healthy diet together with high fruit consumption; 3) high
consumption of yogurt in tandem with high consumption
of fruit seems to be inversely associated with the develop-
ment of MetS; and 4) there is a need to increase the number
of cohort studies that specifically assess the association of
yogurt consumption with adiposity or MetS and to better as-
certain the possibility of publication bias.
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