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ABSTRACT

Background: Fermented dairy products have been associatédanietter diet quality and
cardio-metabolic profile. However, in Mediterrangaopulations, these associations have not
been well characterized.

Aims: To assess the diet quality and the associatiehseen the consumption of total
fermented dairy products and their subtypes ancabidic Syndrome (MetS) components
prevalence in a Mediterranean population at higicaascular risk.

Methods: Baseline cross-sectional analyses were condoctécb72 men and woman (mean
age 65y) with overweight or obesity and MetS reeduinto the PREDIMED-Plus cohort. A
143-tem FFQ was used and anthropometrical, bioct®mand blood pressure
measurements were recorded. Multivariable-adjuSd regressions were fitted to analyze
the association between quartiles of consumptioieohented dairy products and their
subtypes and MetS components to estimate the welaisk (RR) and 95% confidence
intervals (95% CIs).

Results: High consumers of fermented dairy products redatBigher consumption of fruit,
vegetables, fish, nuts and whole bread, and a loamsumption of white bread, alcohol and
cookies. Compared with participants in the lowesdrtile of cheese consumption, those in
the higher quartile showed a lower prevalence @fdlw HDL-cholesterol component of the
MetS (RR=0.88;95%CI:0.78-0.98). Cheese consumptias inversely associated with the
prevalence of the hypertriglyceridemia. Total fenteel dairy products, yogurt and its types
were not associated with any of the MetS components

Conclusions:Compared to non-consumers, participants consufarmgented dairy products
reported a better diet quality and, particularljzieese consumers presented a lower

prevalence of hypertriglyceridemia and low HDL-asterol MetS components.

Keywords: fermented dairy, diet quality, metabolic syndroramponents,
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INTRODUCTION

Metabolic Syndrome (MetS) is defined as a set otabwdic abnormalities including
dyslipidemia, high blood pressure, high glucoselevabdominal obesity or medication for
each of these features, affecting approximately 25%he total world population. This
condition has been directly related with the fostise of death worldwide (i.e. cardiovascular
disease [CVD]), but also with diabetes, some tydesancer and other chronic diseases (1),
leading to considerable negative impacts on puidalth and increasing overall health care
costs. MetS may be prevented by avoiding unhealtbis, tobacco and harmful alcohol
consumption, all recognized risk factors. Some thgaldietary patterns have been
consistently and inversely associated with theafdkletS incidence (2). Mediterranean Diet
(MedDiet) is characterized by a low intake of mmad abundant consumption of plant-based
foods, such as olive oil, nuts, vegetables, fralitd legumes, but also moderate consumption
of fish and fermented dairy foods, particularly ebe and yogurt. In recent years, fermented
dairy products, specially yogurt, have been ingastid because of their nutritional
properties, including the potential probiotic effabe high quality protein content and the
presence of vitamins and minerals (3). It has b&n acknowledged that yogurt may be a
marker of diet quality in healthy North Americanpptations, and also in some areas of
Europe (4-6). Fermented dairy products have beardaly associated with the prevalence
or incidence of some cardiovascular risk factor®}j7However, few studies have analyzed
the association between the consumption of spdgifies of fermented dairy products and
the prevalence of the MetS components. Recenthifferent epidemiological studies yogurt
consumption has been inversely associated witpriéwalence of total and central adiposity
(10), and the incidence of abdominal obesity, higsting plasma glucose, high blood
pressure, hypertriglyceridemia and low HDL-choledt€11). In a recent cross-sectional
study, no association was observed between cheesairaption and blood pressure or

lipid profile (12). However, in a previous crossssenal study, cheese consumption was
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10

related with lower plasma triglycerides (TGs) anghler HDL-cholesterol concentrations

(13). In contrast, this association between cheessumption and MetS components or
other cardiovascular-related clinical outcomes wnaisfound in either a prospective study
(11) or in a systematic review of prospective stadiL4).

Given these mixed results, the aims of the prestnly were: a) to describe whether the
consumption of fermented dairy products is assediatith a better diet quality in the

context of the Prevencion con Dieta MediterranesPPREDIMED-Plus) study, and b) to

analyze the potential associations between theuogoison of total fermented dairy foods,

yogurt and cheese and the prevalence of the Met8paeents in Mediterranean

overweight/obese individuals with MetS.

MATERIALS AND METHODS

Design and study population. The present study is a cross-sectional analysdumted in the
framework of the PREDIMED-Plus study, a 6-year [@rgroup, multi-center, randomized
controlled clinical trial for the primary preventi@f CVD. Participants are men aged 55-75
years and women 60-75 years, with a body mass in@@xo <40 kg/mwho meet at least
three criteria of the MetS defined in accordandh wWie updated criteria of the International
Diabetes Federation and the AHA/National Heart,d-and Blood Institute (15): abdominal
obesity for European individuals (waist circumferer88 cm in women and102 cm in
men), hypertriglyceridemia >(50 g¢g/dL) or drug treatment for high plasma TG
concentrations, low HDL-cholesterat50 mg/dL in women ang40mg/dL in men), high
blood pressure (systolic blood pressut@0 mmHg or diastolic blood pressw@&5 mmHg

or antihypertensive drug treatment), or high fgsfalasma glucose>{00 mg/dL) or drug
treatment for T2D. Randomized participants werguriged in 22 Spanish centers from
various Primary Care Health Facilities belongingtte National Health System, research

institutes and universities.
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The objective of the PREDIMED-Plus trial is to ccmp the effect of two lifestyle
interventions: a) intensive weight-loss intervemtioith hypocaloric MedDiet, physical
activity (PA) and behavioral therapy, b) non-inteasintervention advising participants to
follow an unrestricted energy MedDiet in the cohtekusual care by medical physicians.
The principal end-points are: 1) a composite ofamalinical cardiovascular events, and 2)
weight loss and weight maintenance in the long t@ther secondary end-points include the
incidence of several chronic conditions or diseasasondary to obesity and MetS. The
recruitment of participants began in September 2018 finished in November 2016, with
6,874 participants randomized to the trial. Thealfiresults are expected to be available in
2020. The study protocol is published in the PR®&BED-Plus website (16). This study was
registered at the International Standard Randomize@ontrolled  Trial

(ISRCT; http://www.isrctn.com/ISRCTN89898870) wittumber 89898870. Registration

date: 24 July 2014.

This report was based on a cross-sectional analfybeseline data from all the PREDIMED-
Plus randomized participants. For the present aisalywe excluded 122 participants who
have not completed the FFQ and 180 participants ngported total energy intake values
beyond the specified limits; 500-3,500 kcal/daymomen and 800-4,000 kcal/day in men
(17). A final sample of 6,572 participants was gredl.

Diet quality and lifestyle assessment. To assess diet quality and other lifestyle factdrthe
participants, different questionnaires were adrtenesl at baseline by trained interviewers. In
terms of PA, sample was dichotomized into meeting not the current WHO
recommendations (18). Diet quality was assessdtanit43-item semi quantitative FFQ and
a 17-item Mediterranean Diet adherence questionn@®). The FFQ contained 7 items
related to fermented dairy products that have possible categories of consumption: never
or almost never, 1-3/month, 1/week, 2-4/week, 5céky 1/day, 2-3/day, 4-6/day and >6/day

for each item. The information collected was transied into grams per day, multiplying
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279 serving sizes by consumption frequency and dividnegresult by the assessed period. We
280 defined fermented dairy products as: low-fat yogwttole-fat yogurt and all types of cheese
281 (petit Swiss, ricotta, fresh cheese, cottage, amd-sured and cured cheeses such as cheddar,
282 Manchego and Emmental). Food groups and energieinteere estimated using Spanish
283 food composition tables (20,21).

284 Other Measurements: Lifestyle, smoking habits, personal and family dngtof illness, and
285 medication were also evaluated. Weight was meadwyedliplicate with calibrated scales,
286 height with wall stadiometers, and waist circunegewith measuring tapes at the mid-point
287 Dbetween the last rib and ileac crest. Blood pressas measured three times with a validated
288 semiautomatic oscillometer (Omron HEM-705CP, Hoofgd The Netherlands) and the
289 median measurement of the three readings was Afted.an overnight fast, blood samples
290 were collected and stored at -80°C. Total LDL-chiaml, HDL-cholesterol, TG and plasma
291 glucose concentrations were determined by standamymatic methods in automatic
292 analyzers in local laboratories. All the deternima were performed by trained health care
293 professionals who were blinded to the intervenéions.

294 Satistical Analyses. Participants were categorized into quartiles ofmemted dairy
295 consumption. Chi-square and 1-way ANOVA tests wesed to assess differences in the
296 baseline characteristics of participants, includingtary and other lifestyle factors. Results
297 are expressed as mean £ SD or median and (P25, f&7%pntinuous variables. Cox
298 regression models with constant follow-up time wiéted to estimate RR and 95% (CI) for
299 each component of MetS (high blood pressure, hagting plasma glucose, abdominal
300 obesity, low HDL-cholesterol and hypertriglyceridajnn quartiles of consumption of total
301 fermented dairy products and specific types (cheaesa yogurt, low-fat yogurt and whole-
302 fat yogurt). The analysis was adjusted for différpatential confounders, based on prior
303 knowledge in potential confounders that could affee present associations, including sex,

304 age, BMI, education (illiterate/primary educatisacondary education and higher education),
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smoking status and leisure time PA, total energgkm the 17-item MedDiet adherence
guestionnaire (score <8 at8), alcohol (grams per day adding a quadratic team)
medication for each of the MetS components. All etedvere stratified by the recruiting
center.

Interaction with quartiles of fermented dairy prottuwith several potential effect-modifying
variables such as sex and abdominal obesity wesltésxcept when abdominal obesity was
the main outcome) by comparing the model with amthout the product term using the
likelihood ratio test.

To assess the linear trend, the median value of gaartile of total fermented dairy products
and specific type was assigned and modeled astewous variable in the Cox regression
models.

In order to test the robustness of our results evelected several sensitivity analyses. First,
we adjusted for other confounding variables, sichamponents of MetS (except when the
MetS component was considered the outcome) andgyeadjusted food groups
(consumption of vegetables, fruits, legumes, csyenlts, olive oil meat, fish and cookies).
Second, total and specific fermented dairy produase mutually adjusted for each other
(e.g. when cheese was the exposure variable, tdelm@s also adjusted for different types
of milks and yogurts). Third, all the analyses a@vstratified by sex because differences in
specific types of fermented dairy consumption wdsserved between men and women. The
level of significance was set at p <0.05. All thealgses were performed with

Stata (15.0, StataCorp LP, Tx. USA).
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RESULTS

Of the total 6,572 participants that were includethe present analysis, 48.5% were women
and the mean sample age was 65 years. More thano®58é total population consumed
fermented dairy products. The median (P25, P75swoptions of total fermented dairy
products from the lowest to the highest quartileeng (13, 34), 68 (58, 77), 122 (101, 136),
176 (158, 314) grams per day, respectiy&pblel).

Those individuals with the highest consumption @firfented dairy products were more
likely to be women, were older, and had higher Hibiolesterol concentrations and lower
levels of blood pressure, fasting plasma glucoseTa concentrations (all comparisoms
<0.05). In addition, those individuals with a higlsensumption of fermented dairy products
were more likely to use antihypertensive or insuafiedication and less likely to be smokers
and to use other hypoglycemic medication. A lowercentage of individuals with high
blood pressure and hypertriglyceridemia was observéigh consumers of fermented dairy
products.

Diet quality and other lifestyle factors. Compared to individuals in the reference quartile
(Q1) of fermented dairy consumption, those in thequartile had a higher consumption of
fruit, vegetables, whole meal bread, fish and ransl a lower intake of olive oil, cookies,
alcohol and white bread (all comparisgns;,0.05). Compared to those in the lowest quartile,
participants in the highest quartile were morelyike have a higher adherence to MedDiet
(Table 2) Results were similar when participants were dladsas cheese and yogurt
consumers or non-consumefSupplemental table 1) Compared to non-consumers
(n=553), yogurt consumers$¥6,019) had a higher intake of fruit, vegetables, fisd armole
meal bread, but a lower intake of white bread, ladt@nd cookies. Compared to non-
consumers, yogurt consumers had a higher adheteMdedDiet and were less likely to be
smokers. Yogurt consumers spent less time doingeratelPA but more time doing vigorous

PA than non-consumers. Compared to non-consumensumers of a daily portion of
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cheeser=6,367) consumed less white bread, alcohol, cookies, feseelikely to smoke and
engaged in less moderate PA.

Cardio-metaboalic risk factors. Figure 1 and supplemental table Zhow the multivariable-
adjusted RRs (95% Cls) for the prevalence of Mei®ponents according to categories of
consumption of total fermented dairy products gmecsic types After adjusting for several
potential confounders, the consumption of totalmimted dairy products was not
significantly associated with the prevalence of ahthe MetS components. When analyses
were conducted for different fermented dairy tygas, intake of total yogurt and types of
yogurt was not significantly associated with any tbé MetS componentsTdble 3).
Compared to the participants in the bottom quarthese in the top quartile of cheese
consumption had a lower prevalence of low HDL-ch@ml plasma levels (RR= 0.88; 95%
Cl: 0.78-0.98p-trend= 0.02). Moreover, those in the highest quartileh#ase consumption
compared to the lowest had an estimated 17% lovesafence of hypertriglyceridemia. No
associations were observed with the high bloodspres high fasting plasma glucose and
abdominal obesity components of the MetS.

Senditivity analyses

Our results remained robust in several sensitaitglyses. When analyses were adjusted for
different MetS components or saturated fatty acids, magnitude and direction of the
association did not change (data not shown). Paapieg more yogurt and cheese also had a
healthier dietary pattern, which could affect theserved resultssgpplemental table },
therefore, we repeated all the analysis adjustorgdfetary variables (vegetables, fruits,
legumes, cereals, nuts, fish, meat, olive oil amakies). Results remained in the same line,
showing an inverse association between cheese roptisn and the prevalence of low
HDL-cholesterol plasma levels and hypertriglycemdke (RR = 0.88; 95% CI: 0.78-0.98;
trend=0.02 and RR = 0.83; 95% CI: 0.74-0.98frend <0.01, respectively, comparing

highest versus lowest quartiles). Regarding yogarisumption, results remained non-
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significant. In the analyses stratified by sex, veontocated in the upper quartile of cheese
consumption had a lower prevalence of hypertrigigemia (RR = 0.78; 95% CI: 0.66-0.92,;
p-trend <0.01) and borderline significant lower prevalemédow HDL-cholesterol MetS
component (RR = 0.87; 95% CI: 0.74-1.@prend 0.06). On the other hand, in men, a high
consumption of cheese was not associated with tw HDL-cholesterol or

hypertriglyceridemia MetS componerfaupplemental table 3)
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DISCUSSION

To the best of our knowledge, this is the firstssrgectional study conducted in a
Mediterranean population with MetS evaluating tbgoaiations between the consumption of
fermented dairy products, the quality of the deetd the prevalence of MetS components.
Our results show that, compared to consumers b#iewnedian, high consumers of total
fermented dairy products had a better quality ef dnd a greater adherence to the MedDiet.
On the other hand, those individuals located imdéngjuartiles of cheese consumption had a
lower prevalence of low HDL-cholesterol and hypglyceridemia MetS components.
However, the consumption of total fermented danydpcts, yogurt and its different types
(low-fat and whole-fat yogurt) was not associatéth\any of the components of the MetS.
Our results regarding diet quality and fermentadygaoducts, are in line with those of other
studies conducted in different countries (22). Ircrass-sectional analysis performed in
Canadian adultsw€664) from the INFOGENE study, individuals who consun@ethedian

of about half a yogurt per day were more likelynth@n-yogurt-consumers to follow a
prudent dietary pattern, characterized by a higloeisumption of vegetables, fruits, non-
hydrogenated fats, legumes and seafood and a tmmsumption of processed meat, refined
grains, snacks, alcohol and other food directlateel to a Western dietary pattern (6).
Compared to non-consumers, yogurt consumers alsredibetter to a healthy diet in cross-
sectional studies, one performed in two Americamods of men and women (the
Framingham Heart Study Offspring and the Third Gatien cohorts) (23) and another one
conducted in an ltalian population (the ITRAN SCziudy) (5). In addition to all these
results, it should be pointed out that, unlike monsumers, frequent yogurt consumers were
less likely to have an inadequate intake of michoents such as riboflavin, thiamin,
pantothenic acid, vitamin B6, vitamin C, folatelcaam, iodine, selenium and copper (23).

All these findings have been also reported in cbrd Data from the National Health and

Nutrition Examination Survey (NHANES)(24), the UKdDand Nutrition Survey of Infants
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and Young Children and the National Diet (2011) axwtrition Survey (2008/2009-
2010/2011) (25) showed that yogurt consumption b a positive impact on diet quality
and the intake of several micronutrients.

Our results regarding the type of fermented dairgdpct consumption and MetS
components are partly in line with other prospectstudies. In the CARDIA (Coronary
Artery Risk Development in Young Adults) study, association between the consumption
of cheese or yogurt and the incidence of MetS corapis was observed (26). Similarly, in
the PREDIMED study, conducted in individuals at hhigardiovascular risk (8), no
associations between the consumption of cheestharndcidence of MetS components were
reported. Nonetheless, in the same study, totalryogtake was inversely associated with
the high fasting plasma glucose MetS compongnt<0.01), whereas low-fat yogurt was
inversely associated with hypertriglyceridem@a<€0.01) and low HDL-cholesterolp€
0.01), and whole fat-yogurt with all the MetS coments (8). These mixed results may be
partly explained because of the study design, ifierehces between populations and the
different amounts and types of fermented dairy pet&lconsumed.

It is important to remark that in our study, thaseividuals with frequent consumption of
cheese had lower prevalence of the hypertiglycendeand low HDL-cholesterol
components of the MetS. High TG/low HDL-cholestelthe phenotype for a common
lipoprotein abnormality associated with visceraégity. We can speculate that high cheese
consumption protects from this phenotype. Howethes,do not occur in case of high yogurt
consumers. The reasons explaining these divergesults for two fermented dairy products
need to be confirmed and elucidated in the futitepugh some potential mechanisms have
been speculated. The extended cheese food matyixmodify the lipid profile through a
variety of mechanisms, due to the synergy betwé@reht nutrients and probiotic bacteria.
First, although protein and calcium content of eeemould differ depending on specific types

(e.g. hard vs soft cheese) in general, cheeseaim $pas higher protein (casein) and calcium
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content than yogurt (21) which may inhibit fattyidsc absorption and, therefore, reduce
plasma TG concentrations. On the one hand, thencasatrix, made up of aggregated
micelles, may trap fat globules(27). On the othendy calcium could interact with fatty
acids to form insoluble calcium-fatty acids soap8,29), increasing fecal fat excretion.
Second, fermented dairy products, including chedseh could contain different bacterial
strains (30), may modulate gut microbiota, reduchmg abundance of pathogenic bacteria
and stimulating the production of metabolites, sashshort-chain fatty acids (31) that
modulate lipid metabolism (32), through the fertagan of indigestible carbohydrates from
other food sources (e.qg. fiber from fruits, vegktadegumes, nuts etc.), and the fermentation
of lactose in individuals with lactose intolerantaportantly, although cheese is a saturated
fatty acid food source, the consumption of 50 gdasr has not been associated with the risk
of CVD, and even an inverse association with cagohaart disease have been reported in a
recent meta-analysis of prospective cohort stuBi@34).

It is important to highlight that future mechargsstudies should be focused on inflammatory
biomarkers rather than serum cholesterol levelsxjolain the potential cardio-metabolic
beneficial effects of fermented dairy products comgtion (35). For instance, it has been
suggested that polar lipids (phospholipids and regslipids) located in the membrane of
milk fat globules may have anti-inflammatory prapes (36), which could partially
explain the cardioprotection associated with ferte@mlairy consumption.

The present study has various limitations that lshba borne in mind. Firstly, the inherent
nature of cross-sectional studies means that caelsgiionships cannot be established and
possible reverse causality bias could directly cifte our results. Secondly, the results
cannot be extrapolated to other populations, siceoopulation comprised elderly Spanish
individuals with obesity and MetS. Thirdly, dietasy assessed by a validated FFQ, but

potential measurement errors are unavoidable. Henyvekie present study also has some
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strengths: the large study sample, the analysierafented dairy types with different fat
contents and the adjustment for a large numbeoteintial confounders.

In conclusion, fermented dairy products consumptidnich are part of the MedDiet, seems
to be a marker of diet quality. Moreover, cheesasumption is inversely associated with
some components of MetS. However, given the mixe=iilts reported in the literature,
clinical trials and large prospective epidemiolafistudies are required to confirm the
present results. With the rapid increase in thegleace of MetS, urgent preventive lifestyle
strategies are needed. The present data will el dgesetting nutritional recommendations

for the elderly population with obesity and MetS.
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Figure 1. Cross-sectiona analysis. Cox regression of components of MetS [high blood pressure (n=6,558), high fasting plasma glucose
(n=6,546), abdominal obesity (n=6,125), low HDL-cholesterol (n=6,260), hypertriglyceridemia (n=6,260)] comparing quartile 4 and
quartile 1 of total fermented dairy consumption at baseline. Quartiles cut-offs are based in energy-adjusted fermented dairy consumption.
Model is adjusted for sex, age (years), education leve (illiterate /primary education, secondary education and academic/graduate,
physical activity (MET-min/day), BMI (kg/m2), abdominal obesity (unless when abdominal obesity was the main outcome) smoking
habit, total energy intake, Mediterranean 17 points questionnaire and use of hypoglycemic, hypolipidemic, antihypertensive, and insulin
treatment. The MetS components were defined according to updated harmonizing criteria. Abbreviations: Cl, confidence interval, IQR,

0.75

1.25

interquartile range; MetS, metabolic syndrome; HDL, high density lipoprotein; Q, quartile.

RR [95% CI]
Q4vsQ1

0.93 (0.85-1.00)
0.99 (0.91-1.08)
1.02 (0.94-1.09)
0.91 (0.81-1.01)
0.93 (0.83-1.04)

P-Value

0.08
0.65
0.65
0.14
0.13



Highlights of the core findings within the manuscrpt titled “Fermented dairy products,
diet quality and cardio-metabolic profile in a Mediterranean cohort at high cardiovascular
risk”.

¢ The consumption of total fermented dairy products is related with a better quality diet

and a higher adherence to the Mediterranean diet pattern.

¢ Cheese consumption was inversely related with lower risk of low HDL-cholesterol plasma

levels and hypertriglyceridemia, components of the metabolic syndrome.



