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ASSOCIATION BETWEEN DAIRY PRODUCT CONSUMPTION AND
HYPERURICEMIA IN AN ELDERLY POPULATION W ITH METABOLIC

SYNDROME.

List of abbreviations:

BMI: body mass index

CKD: chronic kidney disease

CVD: cardiovascular diseases
FFQ: food frequency questionnaire
IQR: interquartile range

MedDiet: Mediterranean diet
MetS: metabolic syndrome

PA: physical activity
PREDIMED-PIlus study: Prevencién con Dieta MediteeaPlus study
PR: prevalence risk

OR: Odds Ratio

SUA: serum uric acid

T2D: type 2 diabetes
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ABSTRACT

Background and aims The prevalence of hyperuricemia has increasedtautmally in
recent decades. It has been suggested that itiredapendent risk factor for weight gain,
hypertension, hypertriglyceridemia, metabolic symae, and cardiovascular disease. Results
from epidemiological studies conducted in differstidy populations have suggested that
high consumption of dairy products is associatedh wa lower risk of developing
hyperuricemia. However, this association is stilklear.The aim of the present study is to
explore the association between the consumptidataf dairy products, their subtypes and
the risk of hyperuricemia in an elderly Mediterrangopulation with metabolic syndrome.
Methods and results Baseline cross-sectional analyses were conducted6,329
men/women (mean age 65y) with overweight/obesity aretabolic syndrome from the
PREDIMED-Plus cohort. Dairy consumption was assksesing a food frequency
guestionnaire. Multivariable-adjusted Cox regrassioere fitted to analyze the association
between quartiles of consumption of total dairydoicis, subtypes and the prevalence of
hyperuricemiaParticipants in the upper quartile of total damu(tiadjusted prevalence ratio
(PR)=0.84; 95% CI:0.75-0.9%&-trend 0.02), low-fat dairy products (PR=0.79; 96%9.70-
0.89; P-trend <0.001), total milk (PR=0.81; 95% CI.0.73@.P-trend<0.001), low-fat milk
(PR=0.80; 95% CI:0.72-0.8%-trend<0.001 respectively), low-fat yogurt (PR=0.88%

Cl: 0.80-0.98;P-trend 0.051) and cheese (PR=0.86; 95% CI.0.77-0end 0.003)
presented a lower prevalence of hyperuricemia. ¥/adldairy, fermented dairy and yogurt
consumption were not associated with hyperuricemia.

Conclusions:High consumption of total dairy, total milk, lowtfdairy, low-fat milk, low-fat

yogurt and cheese is associated with a lower fislyeruricemia.

Keywords: dairy products, milk, yogurt, cheese, hyperuricemia
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INTRODUCTION

Serum uric acid (SUA) is the final product of humaurine metabolism (1). Although
much SUA is produced endogenously, it has beematdd that one-third of total SUA
levels results from dietary purine metabolism (2Byperuricemia is defined as an
increased concentration of uric acid in blood. losincases, epidemiologic investigations
have considered the upper normal range of condemtraqual to 6 mg/dl for women and
7 mg/dl for men (4). Hyperuricemia has emerged aspr public health concern due to
the increased prevalence during the recent yAdarding to epidemiologic studies, the
prevalence of hyperuricemia over the last few desdths rapidly increased worldwide in
low, middle-income (5,6) and developed countries @stimations of hyperuricemia
prevalence are around 8-25% in Chinese populatibl, 7% in Western population, near
26% in Japan and 21% in US population (4,7-9).

Hyperuricemia has been strongly associated withabwodic syndrome (MetS) (10),
hypertension (11), type 2 diabetes mellitus (12) renal function decline (13).
Furthermore, high plasma uric acid and hyperurieenmiave been associated with body
mass index (BMI), waist circumference (14,15) abésity (16). Routine measurement of
SUA levels amongst obese people have been reconmaheasl a measure to prevent
hyperuricemia and its related complications (17,18)

Hyperuricemia is modulated by various dietary fextdEvidences has shown that the
frequent consumption of sweetened beverages, dicalimks and purine-rich animal foods
(i.e. fish and meat) is associated with an incrassk of hyperuricemia, whereas these
associations have not been reported in the cagmmfe-rich vegetable foods (19,20).
Meanwhile high intakes of dairy products, coffe@getables and legumes have been

associated with lower SUA concentrations (23-27).
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Dairy products have long been investigated forrtimteresting food matrix, proteins, fatty
acid profiles, vitamin and mineral content (25)nt&oepidemiologic studies (23,24,28) and
randomized clinical trials (29-31) have suggesteel potential role of dairy products
consumption in decreasing SUA levels and the riskyperuricemia. However, these studies
did not take into account the potential differenaesongst subtypes of dairy products and
the association with SUA levels.

The main aim of the present study was to asseseeliimon between the consumption of
dairy products and its different subtypes with tinevalence of hyperuricemia in an aged

Mediterranean population with overweight/obesitg MetS.

MATERIALS AND METHODS

Study design and participants

The present study is a secondary analysis condusiddn the framework of the
PREDIMED-Plus study, an ongoing, 6-year, parallebug, multi-center, randomized
controlled clinical trial for the CVD primary prewgon involving 6,874 participants
recruited in 23 Spanish recruiting centers. Paxitis were overweight/obese, aged between
55-75 years in the case of men and 60-75 yeatseicdse of women, and with MetS. All
participants provided written informed consent anstitutional review boards of each
participating center approved the final protocall @nocedures. The trials’ main objective
is to compare the effect of two lifestyle intervens on long-term weight loss and
maintenance and CVD incidence and mortality. Tregieof the trial has been described in
detail elsewhere (29) and the study protocol islava on the PREDIMED-Plus website
(30). The study was registered at the Internati®ahdard Randomized Controlled Trial

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

date: July 2%, 2014.

The present study is cross-sectional and analyasslibe data from all the randomized
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236 PREDIMED-Plus participants. For this analysis weleded 55 participants who had not
237 completed the food frequency questionnaire (FF@) E88 participants who reported total
238 energy intake values outside the specified linb80¢3,500 kcal/day for women and 800-
239 4,000 kcal/day for men) (31). Participants with@WA information were also excluded
240 (n=304). The final sample for the present analysduded information from 6,329
241 participants. The data were analyzed using thelabtai complete PREDIMED-Plus
242 database, dated 17 September 2018.

243 Dietary and lifestyle assessment

244 At baseline, trained dietitians administered a td®+ semi-quantitative FFQ (32) in a face-
245 to-face visit. The FFQ contained 15 items relatingdairy products with nine possible
246 categories of consumption, which ranged from nevealmost never to >6 portions/day for
247 each item. Total dairy products included all typésnilk, yogurt and cheese; low-fat dairy
248 products included semi-skimmed/skimmed milk and-fatvyogurt; and whole-fat dairy
249 products included whole-fat milk, whole-fat yogartd cheese. Dairy food consumption was
250 also categorized in dairy subtypes: milk (totalydat and whole-fat), yogurt (total, low-fat
251 and whole-fat), cheese (petit Suisse, ricotta,narelaeese, cottage cheese and semi-cured and
252 cured cheeses such as cheddar, manchego and EmMyraedttotal fermented dairy products
253 (all types of yogurt and cheese). The informatioltected was converted into grams per day,
254  multiplying serving sizes by consumption frequemaey dividing the result by the period
255 assessed. Food groups and energy intake were testimsing Spanish food composition
256 tables (33,34).

257  Other covariates

258 Sociodemographic (age, sex, marital status, edunzdtievel) and lifestyle (smoking habit,
259 physical activity, Mediterranean diet adherencégteel variables, as well as information
260 regarding personal, family history of illness anedication were recorded at baseline.

261 Trained dietitians conducted all the anthropometreasurements. Weight and height were
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measured in duplicate, with light clothes and wathshoes. Body mass index (BMI) was
calculated as weight divided by height squarednfRg/Waist circumference was measured
with a tape measure at the mid-point between #tegilmand ileac crest. We used a validated
semiautomatic oscillometer (Omron HEM-705CP, Hoofg¢d The Netherlands) to measure
blood pressure three times with a 5-minute intebetlveen each reading, and the median
measurement of the three readings was used. Aftevarnight fast, blood samples were
collected and total serum uric acid, LDL-choledterdDL-cholesterol, triglycerides and
plasma glucose concentrations were determinedangiatd enzymatic methods in automatic
analyzers in local laboratories. Hyperuricemia @efned as SUA levels >7mg/dL in men
and >6mg/dL in women, as has been defined preyidd3! Chronic kidney disease (CKD)
was defined according to National Kidney Foundatwassification: National kidney
foundation practice guidelines for chronic kidnegedse: evaluation, classification, and
stratification, defined as a glomerular filtraticie <60 mL/min/1.73M(35).

Statistical analyses.

Participants were categorized into quartiles chltdairy consumption adjusted by energy
intake using the residuals method. Chi-square ardnay ANOVA tests were used for the
baseline participants’ characteristics. Resultsexy@essed as mean + SD or median and
(P25, P75) for continuous variables. Cox propodionazards regression with a robust
variance estimator and constant follow-up time weted to estimate prevalence risk (PR)
and 95% confidence interval (95% CI) for hyperumnce by quartiles of consumption of
total dairy products, low and whole-fat dairy protdy total, low and whole-fat milk, yogurt
and cheese. This method has been described to figeamoropriate than logistic regression
in cross-sectional studies when the outcome pregales >10%, as odds ratios (OR) could
overestimate or underestimate the risk in logigtgression (36). Analyses were adjusted for
different potential confounders including age, sBMI, education (primary education,

secondary education and higher education), smadtays, physical activity and different
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food groups such as fruit, vegetables, meat, @ibte oil, cereals, legumes, nut and alcohol
consumption (grams per day adding a quadratic temmepication treatment for lowering
SUA (yes/no) and CKD. All models were stratified the recruiting center, and robust
variance estimators to account for intra-clustaretations (considering members of the
same household as clusters) were used.

To assess the linear trend, the median valuestdr guartile of total dairy products and each
subtype were assigned and used as continuous learialthe Cox regression models.
Interaction analyses with quartiles of total anfledent dairy products and subtypes and
several potentially effect-modifying variables sumh sex, alcohol consumption, smoking
habit and CKD were tested by comparing the mod#l amd without the product term using
the likelihood ratio test. Sensitivity analysis kxtng those participants who reported
CKD at baselinen=450) and those individuals taking medication to redS8t$A levels
(n=534) were tested. OR is a preferred analysis to estim@ssociations when
investigating chronic disease where the onset eéadie is difficult to determine or
studying long lasting risk factors. Hence, we reépeathe analyses using logistic
regression models as a sensitivity analysis. A# tmalyses were performed using

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

RESULTS

The baseline characteristics of the participantsraling to energy-adjusted quartiles of total
dairy product consumption are presentedable 1. The median (P25, P75) consumption of
total dairy products from the lowest to the highgsartile were 124 (66, 168), 253 (230,
273), 343 (317, 373) and 578 (530, 645) grams @sr respectively. Compared with
participants in the lowest quartile of total daggnsumption, those located in the highest
were more likely to be older (P-value <0.001) arain&n (P-value <0.001), and there were

fewer smokers (P-value <0.001). Compared with @pents in the lowest quartile, those in



314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

13

the top quartile had lower systolic and diastolicod pressure levels (P-value 0.005 and
<0.001 respectively), triglyceride and SUA concatibns (P-value <0.001), and higher
HDL-cholesterol plasma levels (P-value <0.001). phevalence of hyperuricemia was also
lower among those in the top quatrtile of total yiairoduct consumption (P-value <0.001).
Table 2 shows the unadjusted and multiadjusted PRs (958} 1Ot the prevalence of
hyperuricemia across quartiles of total dairy paideconsumption and specific subtypes
After adjusting for several potential confoundéing consumption of total and low-fat dairy
products was associated with a lower prevalenbgméruricemia (Q4 vs Q1 PR= 0.84; 95%
Cl: 0.75-0.94;P-trend= 0.02 and (Q4 vs Q1 PR= 0.79; 95% CI: 0.70-0.89eRet<0.001
respectively). Total milk and low-fat milk consunget was associated with a lower risk of
having hyperuricemia (Q4 vs Q1 PR= 0.81; 95% C13@.90;P-trend <0.001 and (Q4 vs
Q1 PR=0.80; 95% CI: 0.72-0.89; P-trend.001 respectively). No associations were found
when comparing extreme quartiles of whole-fat dapyoduct and whole-fat milk
consumption.

Table 3 shows the unadjusted and multiadjusted PRs (95% fGisthe prevalence of
hyperuricemia according to quartiles of consumptdnotal fermented dairy products and
different specific dairy subtypes. High consumptidriow-fat yogurt (Q4 vs Q1 PR= 0.89;
95% CI. 0.80-0.98; P-trerd0.051) and cheese (Q4 vs Q1 PR= 0.86; 95% CIl-:Q9%. P-
trend= 0.003) were associated with a lower prevalenchyperuricemia. Total fermented
dairy and total yogurt consumption were not assediawith the prevalence of
hyperuricemia.

Senditivity analyses

We reanalyzed the results excluding those indivgltiazking medication to reduce SUA
(n=534) levels and results remain in the same line. Tadal (Q4 vs Q1 PR: 0.79; 95%CI:
0.71 to 0.88), low-fat dairy (Q4 vs Q1 PR: 0.75%@5l: 0.67 to 0.84), whole-fat dairy

(Q4 vs Q1 PR: 0.99; 95%Cl: 0.90 to 1.11), totalygQ4 vs Q1 PR: 0.93; 95%ClI: 0.83



340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

14

to 1.04), low-fat yogurt (Q4 vs Q1 PR: 0.85; 95%CI76 to 0.94), whole-fat yogurt (Q4
vs Q1 PR: 1.05; 95%CI: 0.94 to 1.17), total milk4(€@s Q1 PR: 0.81; 95%CI: 0.73 to
0.90), low-fat milk (Q4 vs Q1 PR: 0.80; 95%CI: 0.tc20.89), whole-fat milk (Q4 vs Q1
PR: 0.96; 95%CI: 0.86 to 1.06), cheese (Q4 vs Q1®85; 95%CI: 0.76 to 0.95) and
total fermented dairy products (Q4 vs Q1 PR: 09%E6ClI: 0.82 to 1.02).

No interactions were observed between the differgres of dairy products and prevalence
of hyperuricemia by sex, age, alcohol consumptiorCKD (All, P>0.05). A sensitivity
analysis excluding all individuals with CKD revedléthe same magnitude of associations

(data not shown).

DISCUSSION

In this cross-sectional study involving individuagh overweight/obesity and MetS from
the PREDIMED-PIlus cohort, we evaluated the consionpbf total dairy products and
their different subtypes in relation to the prewake risk of hyperuricemia.

Our results showed an inverse association betwhenconsumption of total dairy
products, cheese, low-fat yogurt, total milk andvi@t milk and the prevalence of
hyperuricemia.

Our results regarding the consumption of totalydpnoducts and the association between
SUA levels and/or hyperuricemia risk, are in linghwprevious studies (20)(37). In a
cross-sectional analysis in the context of the NHEANII cohort, the frequent
consumption of total dairy products (>2 servinggjdaas associated with lower plasma
concentrations of SUA when comparing highest versowest quintiles (<0.5
servings/day). In addition, data from a case-cdérdtody conducted over 2,076 healthy
participants from Scotland reported an inverse@saton between dairy consumption and
urate concentrations (37). Importantly, in a 4-wemkdomized clinical trial conducted in

158 healthy post-menopausal nuns, those randomiaed dairy-supplemented diet
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maintained their SUA levels, whereas those allat#bea dairy-free diet experienced an
increase in SUA levels during the intervention (26)

Our studies are partially in agreement with presistudies, with respect to specific dairy
subtypes and SUA levels. Data from 14,809 partitp#6,932 men and 7,877 women)
aged 20 years and older in the Third National Hheattd Nutrition Examination Survey
showed that those who consumed at least one sétayng@f milk and yogurt had lower
SUA levels compared to those who did not (20). &irtyi, those who consumed yogurt at
least once a day had lower serum uric acid leves those who did not consume yogurt.
In the NHANES Il study, cheese consumption was asgociated with SUA levels.
Nonetheless, cheese and milk consumption were iagstdavith lower levels of SUA in
the AusDiab and Tromsg studies, and yogurt was omngrsely associated with SUA
concentrations in the AusDiab study when compahigiest versus lowest consumption
categories (38). Moreover, in a randomized cordcbltross-over trial conducted in 16
healthy males, milk intake was shown to have siggift acute urate-lowering effects
compared to soy milk beverages (27).

The mixed results from the different observaticstadies and clinical trials regarding the
consumption of the different subtypes of dairy jptd could be explained through the
differences in the categorization of dairy produntduded in each dairy food group with
respect to its nutritional contents (20). In themedine, it is important to highlight that the
amount of dairy product consumed differed betwetrndiss, and differences in the
baseline characteristics of the sample populatioag also contribute to the differences
observed between the aforementioned studies.

Several mechanisms have been suggested to explage tassociations. Casein and
lactalbumin from dairy products have been showmnreduce SUA in healthy subjects
through their uricosuric effect after consumpti@g)( Dairy products contain orotic acid,

which may reduce serum urate by promoting renat @cid excretion. The renal
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392 transporter URATL1 transports urate and orotate,thaccompetition between them could
393 also be responsible for uricosuria after dairy-picidconsumption (21)(27). Moreover,
394 dairy products are rich in lactose and galactoséjchv can activate the urate
395 transporter/channel (hUAT) (39), thereby reducingels of uric acid in plasma.

396 We observed a strong inverse relation between copgon of total dairy products,
397 especially low-fat dairy products, and the prevedéeaf hyperuricemia. High consumption
398 of low-fat dairy may also reflect an avoidance tieay lifestyle factors that contribute to
399 hyperuricemia. Furthermore, high dairy-product eonption may reflect adherence to a
400 healthier diet and lifestyle (40). Experimental dsés are warranted to clarify which
401 compounds might modulate SUA concentrations.

402 In our study, we also reported lower blood pressuiel cholesterol concentrations,
403 plasma triglycerides and higher levels of HDL clstéeol in those individuals located in
404 the highest quartiles of dairy consumption, as lbeasn previously reported (41-46). In
405 relation to the plasma HDL cholesterol, resultsrfrepidemiological studies and clinical
406 trials are inconsistent (43,45,46). Further evideftom randomized clinical trials in this
407 population is required in order to establish stroagse-effect relationships. A number of
408 limitations should be considered while interpretthg results of this study. The inherent
409 nature of cross-sectional studies does not allotw agldress causality, and a possible reverse
410 causality bias could directly affect the interptieta of our findings. The results from this
411 study cannot be extrapolated to other populatisinse our population comprised of elderly
412 Spanish individuals with obesity and MetS. Althoughll the questionnaires were
413 administered by trained dietitians, possible measent errors are unavoidable.
414 Nevertheless, the strengths of the study also waaeknowledgement, such as the large
415 sample sizeand the information given in relatioraltahe different dairy product subtypes

416 recorded. Finally, the robustness of our resultstisngthened by the adjustment of the
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models to take into account a large number of paleconfounders, and the sensitivity
analysis performed.

In conclusion, our results suggest that frequensamption of dairy products, specifically
milk, low-fat yogurt and cheese, are associated avibwer prevalence of hyperuricemia in a
Spanish elderly population with overweight/obesityd MetS. The increasing burdens of
hyperuricemia and obesity, further emphasizes itigortance of an urgent need for the
development of prevention and management stratégyidsyperuricemia. Population-based
epidemiological research aimed at evaluating te&adr determinants of hyperuricemia and

gout should be encouraged.
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Supplementary Table 1. Baseline characteristics ohe PREDIMED-PLUS participants across energy-adjusted gartiles (Q1
vs. Q4) of total milk, total yogurt and cheese comsnption.

Total milk Total yogurt Cheese
Q1 Q4 Q1 Q4 Q1 Q4
n=1,583 n=1,582 n=1,583 n=1,582 n=1,583 n=1,582

g/day, median (P25, P75) 28 (1, 68) 488 (454, 511) 3(0,7) 130 (126, 305) 7 (3,11) 53 (47, 65)
Women, % (n) 40.4 (640) 57.2 (905)* 37.3 (590) 60.4 (955)* 40.5 (641) 53.8 (851)*
Age, years 64.4+5.0 65.4+5.0* 64.7+5 66.6+4.7* 64.7+5 65+4.8*
BMI, kg/m? 32.6£3.4 32.6£3.4 32.5£3.4 32.6x3.4 32.4x3.4 32.5+3
Waist circumference, cm

Males 111.4+8.7 111.1+8.7 111.2+9 110.6+8.4 0.948.7 111.4+8.9

Females 104.1+9.3 104.2+9.2 104+9.4 103.949.2 103.8+9 104.1+9.3
Systolic blood pressure, mmHg 139.6%16.5 138.8+17 140.5+16.6 138.4+17.1* 140.5816 138.7+16.4*
Diastolic blood pressure, mmHg 81.2+10 80.5+9.6* 81.2+10 80.3+9.9* 81.7+9.9 80.5#9
Fasting plasma glucose, mg/dL 112.6%£27.5 115.8+31.9* 114.4+29.5 112.4+28.2 11274% 113.4+30.5
Plasma triglycerides, mg/dL 156.1+82.7 151.2+72.6 156.9+83.5 146.8+67.5* 16838+ 147.5+77.7*
Plasma LDL-cholesterol, mg/dL 121.5+33.4 121.2+44 119.6+40.9 121.9+33 121.1+42 2.6244.2
Plasma HDL-cholesterol, mg/dL 47.7£12 48.2+11.6* 46.6+11.4 49.1+11.8* 46.4+11.3 9.3412.2*
Total plasma cholesterol, mg/dL 198.7+38.9 196.7+36.9 194.8+37.8 199.2+42 5% 198746 198.1+38.6
Plasma uric acid, mg/dL 6.7+19 5.9+5.6 6.6+19 6+4.3 6.2+4.2 5.9+1.8
Prevalence of type 2 diabetes, %  23.4 (371) 33.6 (532) 28.2 (446) 26.7 (423) 27R4 26.1 (413)*
(n)
Prevalence of hypertension, % (n) 82.6 (1.308) 82.7 (1.308) 82.9 (1.312) 83.6 (1.322) 82.7 (1.329) 83.1(1.314)
Prevalence of hyperuricemia, % (n) 36.9 (584) 27.1 (428)* 31.9 (505) 30.2 (478) 3%385) 28.9 (457)*

Physical activity, METs/min/week
Smoking habit, % (n)

2470.4+2133.3

2215.4+2103.6*

2519.6+2468

2555+2236. 2559.3+2394.2

2502.242374.2*

Never smoked 38.3 (607) 49.9 (789)* 36.7 (581) 2 39 (618) 46.5 (735)*
Former smoker 48.9 (774) 39 (617)* 46.2 (731) 3BH)* 46.4 (734) 42.4 (670)*
Current smoker 12.8 (202) 11.1 (176)* 17.1 (271) 4 833)* 14.6 (231) 11.2 (A77)*
Education level, % (n)
Primary school 43.3 (685) 53.9 (853)* 47 (744) 5330)* 48.5 (768) 45.8 (725)*
Junior high school 30 (475) 26.6 (421)* 30.7 (486)  27.3 (432)* 30.5 (483) 30 (475)*
High school or university 26.7 (423) 19.5 (308)* .21353) 20.2 (320)* 21 (332) 24.2 (382)*
Current medication use
Antihypertensive agents 75.8 (1,200) 78.3(1,239) 7.7711,231) 78 (1,234) 77.6 (1,229) 76 (1,202)
Hyperuricemia medication** 10.9 (172) 6.4 (101)* .8@167) 6.13 (97)* 9.7 (153) 6.5 (102)*
Use of insulin 3(48) 6.9 (109)* 3.5 (56) 5.1 (80)* 4.2 (66) 4.7 (75)
Anti-diabetic medication 15 (237) 22.8 (361)* 203®5) 17.5 (276) 19.5 (308) 17.6 (278)

Data are presented as mean + SD unless otherwdseatied. Pearson’s chi-square test for categoxiashbles and one-way ANOVA for continuous

variables. *Statistically significant differencestiveen quartiles.
Abbreviations: ClI, confidence interval; T2D, typeliabetes; PA, physical activity; BMI, body masder; HDL, high-density lipoprotein-cholesterol, LDL
low-density lipoprotein-cholesterol; Q, quatrtile.

**Medication for hyperuricemia: allopurinol and fekostat. Quartile cut-offs are based on energysaéilitotal dairy-product consumption, and values ar

medians and interquartile range (P25, P"B\alue for between-categories comparisons.
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Supplementary Table 2. Odds ratios and 95% CI of hygruricemia across energy-adjusted quartiles of dajyr products and
its different subtypes in the PREDIMED-Plus sample (radel 2).

Dairy products consumption

Q1 Q2 Q3 Q4 P-Trend
Total dairy products 1.00 ref. 0.92 (0.79-1.07) 0.83 (0.71-0.97) 0.75 (0.64-0.89) 0.001
Low-fat dairy products 1.00 ref. 0.86 (0.74-1.01) 0.79 (0.67-0.93) 0.68 (0.57-0.80) <0.001
Whole-fat dairy products 1.00 ref. 0.87 (0.75-1.02) 0.86 (0.73-1.00) 1.03 (0.87-1.20) 0.261
Total milk 1.00 ref. 0.90 (0.76-1.03) 0.79 (0.70-0.92) 0.70 (0.60-0.83) <0.001
Low-fat milk 1.00 ref. 0.92 (0.80-1.07) 0.83 (0.72-0.97) 0.68 (0.58-0.80) <0.001
Whole-fat milk 1.00 ref. 0.97 (0.83-1.13) 0.90 (0.77-1.06) 0.94 (0.80-1.10) 0.466
Total fermented dairy 1.00 ref. 1.09 (0.93-1.27) 1.07 (0.91-1.24) 0.95 (0.81-1.11) 0.416
Total yogurt 1.00 ref. 1.14 (0.98-1.33) 1.06 (0.91-1.24) 0.99 (0.85-1.16) 0.754
Low-fat yogurt 1.00 ref. 0.93 (0.79-1.08) 0.99 (0.85-1.15) 0.83 (0.72-0.98) 0.054
Whole-fat yogurt 1.00 ref. 0.90 (0.77-1.05) 0.83 (0.70-0.97) 1.15 (0.98-1.34) 0.002
Cheese 1.00 ref. 0.97 (0.83-1.13) 0.92 (0.79-1.07) 0.79 (67-0.93) 0.002

Abbreviations: Cl, confidence interval, IQR, inteegtile range; Q, quartile.

1 Logistic regression: Model 1 (data not shown) veausted for: sex, age (years), education levem@ry education, secondary education and
academic/graduate, physical activity (MET-min/da&BM!I (kg/m?), smoking habit and alcohol intake (adding a gatidterm). Model 2 was also adjusted
for hyperuricemia treatment (yes/no), chronic kiddésease (yes/no) and different food items: fruétgetable, legume, cereals, meat, fish, olivernits,
cookies and dairy products subtypes (as continuatiables) depending on the interest variable.

Quartiles cut-offs are based in energy-adjusteal tletiry consumption, and values are medians aedjuartile range (IQR).



Table 1. Baseline characteristics of the PREDIMED-PL US participants acr oss ener gy-adjusted quartiles of total dairy products consumption.

Total dairy products consumption

Q1 Q2 Q3 Q4 p'
n=1,583 n=1,583 n=1,582 n=1,582
g/day, median (IQR) 124 253 343 578
(66, 168) (230, 273) (317, 373) (530, 645)

Women, % (n) 35.3 (559) 42.7 (675) 58 (918) 57.3 (907) <.001
Age, years 64.3+5.0 64.8+4.8 65.1+4.9 65.5+4.9 <.001
BMI, kg/m? 32.6£3.4 32.5+£3.5 32.7£3.4 32.6+£3.5 371
Waist circumference, cm

Males 111.2+8.9 111.1+8.9 110.848.5 111+8.7 .860

Females 104.3+9.5 103.5+9 103.8+9.3 104.3+9.2 .288
Systolic blood pressure, mmHg 140.1+16.6 140.5+16.4 139.1+17.3 138.7+16.8 .005
Diastolic blood pressure, mmHg 81.4+9.9 81.3+9.9 79.9+9.9 80.6+9.8 <.001
Fasting plasma glucose, mg/dL 113.6+29.3 113.7+27.7 112+27.9 115.5+32 .010
Plasma triglycerides, mg/dL 158.8+84.3 153.8+83.8 147.2+68.8 149.5+72.8 <.001
Plasma L DL -cholesterol, mg/dL 120.6+33.2 120.3+40.9 123.8+49.4 120.1+33.5 .037
Plasma HDL -cholester ol, mg/dL 47£11.9 48+11.9 48.6£11.9 48.6+11.7 <.001
Total plasma cholesterol, mg/dL 197.7+38.4 195.9+37.8 198+37.5 197+42 .450
Plasma uric acid, mg/dL 6.8+19 6.1+1.5 6+4.4 5.945.6 .079
Glomerular filtration rate, mL/min 84.8+14.5 84.3+14.3 83.4+14.5 83.7+14.3 .004
Prevalence of type 2 diabetes, % (n) 25.1 (397) 26.8 (424) 25.5 (404) 32.8 (519) <.001
Prevalence of hypertension, % (n) 82.4 (1.305) 84.8 (1.341) 83.3 (1.318) 82.6 (1.307) .282
Prevalence of hyperuricemia, % (n) 36.5 (577) 33.3 (526) 30.5 (483) 27.4 (434) <.001
Prevalence of Chronic Kidney Disease, % (n) 6.9 (108) 7 (110) 6.2 (97) 6.7 (105) .072
Physical Activity, METs/min/week 2527.242235.8  2490.2+2362.4 2517.242295.1 2296+2202.8 .012
Smoking habit, % (n)

Never smoked 34.9 (553) 40.7 (644) 50.8 (804) 51.3 (812)

Former smoker 49.7 (787) 45.9 (726) 38.8 (614) 38.6 (610) <.001

Current smoker 15.4 (243) 13.4 (212) 10.4 (164) 10.1 (160)
Education level, % (n)

Primary school 43.5 (689) 48.7 (771) 51.6 (817) 43.7 (850)

First-degree high school 30.5 (483) 29.9 (473) 28 (443) 26.7 (423) <.001

High school or university 26 (411) 21.4 (338) 20.4 (322) 19.5 (309)
Current medication use

Antihypertensive agents 76.9 (1,217) 76.9 (1,217) 77.9 (1,233) 78.8 (1,246) .529

Hyperuricemia medication* 11.3 (179) 9 (143) 7.3 (115) 6.1(97) <.001

Use of insulin 2.8 (44) 3.9 (61) 4.7 (75) 6.7 (106) <.001

Anti-diabetic medication 17 (269) 18.5 (293) 17.6 (278) 22.4 (354) <.001

Data is presented as mean * SD unless otherwigmtrd. Pearson’s chi-square test for categorigadbles and one-way ANOVA for continuous variables

Abbreviations: Cl, confidence interval, IQR, inteegtile range; T2D, Type 2 Diabetes; PA, PhysicztiVAty.

BMI, Body mass index; HDL, High-density lipoprotetholesterol, LDL, Low-density lipoprotein-cholesi Q. Quartile.

*Medication for hyperuricemia: Alopurinol and felostat.

Quartiles cut-offs are based in energy-adjusteal tltiry products consumption, and values are mediad interquartile range (IQR).

TP-value for between-categories comparisons.
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Table 2. PR and 95% CI* of hyperuricemia across energy-adjusted quartiles of total dairy products, low and whole-fat dairy products
total milk, low and whole fat milk in the PREDIM ED-Plus sample.

Dairy consumption

Q1 Q2 Q3 Q4 P-Trend
Total dairy products
g/day, median (P25-P75) 124 (66, 168) 253 (230, 273) 343 (317, 373) 578 (530, 645)
Hyperuricemia, % (n) 36.5(577) 33.3(526) 30.5 (483) 27.4(434)
Unadjusted model 1.00 ref. 0.91 (0.83-0.99) 0.83(0.75-0.92) 0.76 (0.75-0.92) <.001
Model 1 1.00 ref. 0.94 (0.85-1.03) 0.86 (0.78-0.96) 0.81(0.73-0.91) <.001
Model 2 1.00 ref. 0.94 (0.86-1.04) 0.88(0.79-0.97) 0.84 (0.75-0.94) .002
L ow-fat dairy products
g/day, median (P25-P75) 15 (0, 60) 191 (159, 204) 264 (237, 310) 518 (490, 586)
Hyperuricemia, % (n) 36.7 (581) 34 (538) 30.5 (483) 26.4 (418)
Unadjusted model 1.00 ref. 0.93 (0.85-1.02) 0.83(0.75-0.92) 0.74 (0.67-0.82) <.001
Model 1 1.00 ref. 0.93(0.85-1.02) 0.85 (0.77-0.94) 0.77 (0.69-0.85) <.001
Model 2 1.00 ref. 0.93(0.84-1.02) 0.87 (0.78-0.96) 0.79 (0.70-0.89) <.001
Whole-fat dairy products
g/day, median (P25-P75) 8(0, 16) 35 (29, 40) 61 (53, 72) 162 (119, 239)
Hyperuricemia, % (n) 33.5(530) 30.3 (479) 30.2 (477) 33.8(534)
Unadjusted model 1.00 ref. 0.89 (0.81-0.99) 0.89 (0.80-0.99) 0.99 (0.90-1.10) 341
Model 1 1.00 ref. 0.90 (0.82-1.01) 0.90 (0.81-1.01) 1.02 (0.92-1.12) .188
Model 2 1.00 ref. 0.91 (0.82-1.01) 0.90 (0.81-0.99) 1.01 (0.91-1.12) 315
Total milk
g/day, median (P25-P75) 28 (1, 68) 173 (153, 187) 215 (207, 226) 488 (454, 511)
Hyperuricemia, % (n) 36.9 (584) 33(522) 30.7 (486) 27.1(428)
Unadjusted model 1.00 ref. 0.90 (0.82-0.99) 0.83(0.75-0.91) 0.76 (0.68-0.84) <.001
Model 1 1.00 ref. 0.90 (0.82-1.00) 0.86 (0.77-0.95) 0.79 (0.77-0.95) <.001
Model 2 1.00 ref. 0.93(0.85-1.02) 0.86 (0.78-0.95) 0.81 (0.73-0.90) <.001
L ow-fat milk
g/day, median (P25-P75) 2(0,14) 162 (94, 181) 205 (199, 211) 490 (452, 506)
Hyperuricemia, % (n) 36.5 (578) 33.6 (532) 31.4(497) 26.1 (413)
Unadjusted model 1.00 ref. 0.94 (0.85-1.03) 0.85 (0.77-0.93) 0.74 (0.77-0.93) <.001
Model 1 1.00 ref. 0.95 (0.79-0.96) 0.87 (0.79-0.96) 0.77 (0.69-0.86) <.001
Model 2 1.00 ref. 0.97 (0.89-1.07) 0.88 (0.80-0.98) 0.80 (0.72-0.89) <.001
Whole-fat milk
g/day, median (P25-P75) 0(0) 0(0) 7(5,9) 35(16, 182)
Hyperuricemia, % (n) 32.8(519) 32 (506) 31(491) 31.7 (504)
Unadjusted model 1.00 ref. 0.96 (0.87-1.06) 0.92 (0.83-1.02) 0.96 (0.87-1.07) .633
Model 1 1.00 ref. 0.98 (0.88-1.10) 0.95 (0.83-1.09) 0.98 (0.85-1.11) .930
Model 2 1.00 ref. 0.96 (0.87-1.07) 0.92 (0.83-1.02) 0.96 (0.86-1.06) 531

Abbreviations: Cl, confidence interval, IQR, interquartile range; Q, quartile.

Cox regression Model 1 was adjusted for: sex, age (years), education level (primary education, secondary education and academic/graduate, physical
activity (MET-min/day), BMI (kg/m?), smoking habit and alcohol intake (adding a quadratic term). Model 2 was also adjusted for hyperuricemia
treatment (yes/no), chronic kidney disease (yes/no) and different food items: fruit, vegetable, legume, cereals, meat, fish, olive ail, nuts, cookies and
dairy products subtypes (as continuous variables) depending on the interest variable.

Quartiles cut-offs are based in energy-adjusted total dairy consumption, and values are medians and interquartile range (IQR).



Table 3. PR and 95% CI? of hyperuricemia across ener gy-adjusted quartiles of total fermented dairy products and its different subtypes
in the PREDIM ED-Plus sample.

Fermented dairy consumption
Q1 Q2 Q3 Q4 P-Trend

Total fermented dairy
g/day, median (P25-P75)

24 (14, 34)

68 (58, 79)

122 (101, 136)

176 (158, 315)

Hyperuricemia, % (n) 32.5(514) 33.1(523) 32.2 (510) 29.9 (473)
Unadijusted model 1.00 ref. 1.00 (0.91-1.11) 0.97 (0.88-1.08) 0.92 (0.83-1.02) .080
Model 1 1.00 ref. 1.03 (0.93-1.14) 1.00 (0.91-1.11) 0.95 (0.85-1.05) 243
Model 2 1.00 ref. 1.04 (0.94-1.15) 1.02 (0.92-1.12) 0.95 (0.85-1.06) 271
Total yogurt
g/day, median (P25-P75) 3(0,7) 48 (21, 52) 94 (59, 114) 130 (126, 305)
Hyperuricemia, % (n) 31.9 (505) 33.6 (532) 31.9 (505) 30.2 (478)
Unadjusted model 1.00 ref. 1.03 (0.94-1.14) 0.98 (0.89-1.08) 0.94 (0.84-1.04) .156
Model 1 1.00 ref. 1.05 (0.95-1.16) 1.00 (0.91-1.11) 0.98 (0.88-1.08) .527
Model 2 1.00 ref. 1.07 (0.97-1.18) 1.01 (0.92-1.12) 0.98 (0.88-1.08) 496
L ow-fat yogurt
g/day, median (P25-P75) 0(0) 5(3,9) 53 (51, 56) 125 (122, 130)
Hyperuricemia, % (n) 33.5(530) 32.3(511) 32.7(518) 29.1 (461)
Unadijusted mode! 1.00 ref. 0.96 (0.87-1.06) 0.97 (0.88-1.08) 0.87 (0.79-0.97) .018
Model 1 1.00 ref. 0.90 (0.81-1.01) 0.96 (0.87-1.06) 0.87 (0.78-0.96) .046
Model 2 1.00 ref. 0.94 (0.86-1.04) 0.98 (0.89-1.09) 0.89 (0.80-0.98) .051
Whole-fat yogurt
g/day, median (P25-P75) 0(0) 2(0,3) 9(7,11) 57 (43, 117)
Hyperuricemia, % (n) 32.7 (518) 30.7 (486) 29.1 (461) 35.1 (555)
Unadjusted model 1.00 ref. 0.92 (0.83-1.02) 0.89 (0.80-0.98) 1.04 (0.95-1.16) .022
Model 1 1.00 ref. 0.92 (0.82-1.03) 0.87 (0.76-0.99) 1.05 (0.94-1.17) .008
Model 2 1.00 ref. 0.93(0.84-1.03) 0.89 (0.80-0.98) 1.08 (0.98-1.19) .004
Cheese
g/day, median (P25-P75) 7(3,11) 20(17,23) 32(29, 37) 53 (47, 65)
Hyperuricemia, % (n) 33.8(535) 33.3(526) 31.7 (502) 28.9 (457)
Unadijusted mode! 1.00 ref. 0.98 (0.89-1.09) 0.93 (0.84-1.03) 0.86 (0.78-0.96) .002
Model 1 1.00 ref. 0.98 (0.84-1.03) 0.93 (0.84-1.03) 0.86 (0.78-0.96) .002
Model 2 1.00 ref. 0.99 (0.89-1.09) 0.94 (0.85-1.04) 0.86 (0.77-0.96) .003

Abbreviations: Cl, confidence interval, IQR, interquartile range; Q, quartile.

"Cox regression Mode 1 was adjusted for: sex, age (years), education level (primary education, secondary education and academic/graduate, physical
activity (MET-min/day), BMI (kg/m?), smoking habit and alcohol intake (adding a quadratic term). Model 2 was also adjusted for hyperuricemia
treatment (yes/no), chronic kidney disease (yes/no) and different food items: fruit, vegetable, legume, cereals, meat, fish, olive ail, nuts, cookies and
dairy products subtypes (as continuous variables) depending on the interest variable.

Quartiles cut-offs are based in energy-adjusted total dairy consumption, and values are medians and interquartile range (IQR).



Highlights of the core findings within the manuscrpt titled “ASSOCIATION BETWEEN
DAIRY PRODUCT CONSUMPTION AND HYPERURICEMIA IN AN E LDERLY
POPULATION WITH METABOLIC SYNDROME".

Total dairy products consumption is associated with a lower prevalence risk of

hyperuricemia.

Milk, low-fat yogurt and cheese consumption is associated with a lower prevalence risk of

hyperuricemia.

¢ Whole fat dairy products and the different subtypes are not related with hyperuricemia.
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