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Abstract

Background: The prevalence of hyperuricemia has doubled worldwide during the last few decades. The substantial
increase in sweetened beverage (SB) consumption has also coincided with the secular trend of hyperuricemia.
Recent studies do show that the consumption of SB can induce hyperuricemia. However, the association between
SB and hyperuricemia remains unclear. The aim of this study was to evaluate the association between SB
consumption and levels of uric acid in Mexican adults.

Methods: We performed a cross-sectional analysis of data from selected adults participating in the baseline
assessment of the Health Workers Cohort Study. A total of 6,705 participants of both sexes between ages 18 and
70 years were included. SB intake was estimated using a validated semi-quantitative food frequency questionnaire.
Biochemical and anthropometric information was collected using standard procedures. Hyperuricemia was defined
as uric acid levels ≥ 7.0 mg/dL in men and ≥ 5.8 mg/dL in women. The association of interest was assessed by
multiple logistic regression models.

Results: The odds ratios (OR) for hyperuricemia in men who consume 0.5-1 SB/day was 1.59 (95% CI; 1.05-2.40) and
2.29 (95% CI; 1.55-3.38) for those who consume ≥3 SB/day when compared to men who consume less than half a
SB/day. In women, the OR for hyperuricemia for those who consume >1.0- < 3.0 SB/day was 1.33 (95% CI; 1.04-1.70)
and 1.35 (95% CI; 1.04-1.75) for those who consume ≥3 SB/day when compared to women who consume less than
half a SB/day, independent of other covariables. Men and women with high SB consumption and a body mass
index (BMI) ≥ 25 Kg/m2 had greater risk for hyperuricemia than men and women with low SB consumption and
normal BMI < 25 Kg/m2.

Conclusions: Our findings suggest that the consumption of SB is associated with an increased risk of hyperuricemia
in Mexican adults. However, longitudinal research is needed to confirm the association between SB intake and
hyperuricemia.
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Background
The prevalence of hyperuricemia, defined as increased
serum uric acid levels [1], has doubled worldwide during
the last few decades [2]. Hyperuricemia is the precursor
of gout, which is the principal cause of inflammatory
arthritis among adult men and older women [3]. Hyper-
uricemia is furthermore recognized as an independent
risk factor for metabolic and cardiorenovascular conditions
including metabolic syndrome, type 2 diabetes (T2DM)
and insulin resistance [4-7]. In addition, epidemiological
evidence suggests that hyperuricemia may play a role in
epidemics of hypertension and coronary heart disease
[8,9]; however, recent evidence suggests no causal associ-
ation between uric acid and ischemic heart disease and
blood pressure [10]. The worldwide population-level in-
crease in serum uric acid levels over the past few decades
correlates with pronounced changes in the most prevalent
health risk factors known to be associated with hyperurice-
mina including: an increased prevalence of obesity and
metabolic syndrome as well as changes in dietary patterns
[11]. Studies suggest that foods such as alcohol, meat and
seafood play an important role in the development of hy-
peruricemia [12-14]. In general, a purine-rich diet has been
long recognized as a risk factor for hyperuricemia. Since
uric acid is the end product of purine degradation, gout
patients are advised to avoid purine-rich foods [15]. In con-
trast, dairy products and foods rich in vitamin C have been
shown to be protective against hyperuricemia [16]. Al-
though it is believed that diet plays an important role in
the development of hyperuricemia, the association between
other specific dietary factors or foods and hyperuricemia
remains unclear.
Recent studies do show that the consumption of

sugar-sweetened beverages (SB) can induce hyperurice-
mia [1,17,18]. Although these beverages do not contain
purines, they do contain large quantities of sweeteners
including sucrose (composed of 50% glucose and 50%
fructose), fructose and high fructose corn syrup (typic-
ally composed of 45% glucose and 55% fructose) [19].
Both fructose and high fructose corn syrup have been
associated with increased serum uric acid levels [20,21],
since uric acid production is upregulated by fructose,
unlike glucose and other monosaccharides [21]. The po-
tential mechanisms underlying the detrimental effects of
sucrose, fructose and high fructose corn syrup are under
debate. Some studies have suggested insulin resistance
as one of the mechanisms involved in hyperuricemia
[22,23]. One recent study suggests that long-term con-
sumption of fructose and high fructose corn syrup could
be a source of reactive dicarbonyls that increases risk of
metabolic disorders including hyperuricemia [24].
Mexico has one of the highest rates of SB consump-

tion in the world [4]. Reports indicate that SB consump-
tion among Mexican adults has increased to 21% of total
caloric consumption from 1996 to 2006 [25,26], meaning
SB consumption is a significant component of the current
Mexican diet. For these reasons, a better understanding of
how fructose can affect plasma urate concentrations is
important if effective dietary recommendations are to be
formulated. Current recommendations include restriction
of alcohol, meat and other purine-rich foods, but planning
recommendations concerning SB should also be consid-
ered [27].
In this study we assess the potential health impact of

SB consumption by examining the relationship between
SB intake and uric acid levels in Mexican adults partici-
pating in the Health Workers Cohort Study. Because
earlier evidence [28] has suggested that body mass index
(BMI) may modify the effect of sweetened beverage on
gout or hyperuricemia, we also examined this relationship
stratifying by BMI and age.

Methods
Study population
A cross-sectional analysis was performed using data from
adults participating in the baseline evaluation of the ¨Health
Workers Cohort Study¨ (2004–2006). The methodology
and participant characteristics have been detailed previously
[29]. Of the 8,977 adults formally enrolled, for the present
analysis we used data from 8,514 participants aged 18 to
70 years, of which the following were excluded: pregnant
women (n = 186), those with a diagnosis of gout (n = 67),
those taking medications to control uric acid (n = 20), those
taking diuretics (n = 79), those without uric acid values
(n = 693), subjects that responded to less than 85% of ques-
tions or did not complete all the diet related questions (n =
525), subjects with extreme values of caloric intake (<600, >
7000 Kcal/day) (n = 87) using the standard deviation
method (>3.86SD) [30], subjects with outlying values of en-
ergy consumption from SB (n = 74), subjects not providing
information on tobacco use (n = 74) and subjects with in-
complete anthropometric data (n = 4). Ultimately, a total of
6,705 subjects were included in the analysis.
This study was planned and performed according to

the guidelines of the Declaration of Helsinki. All partici-
pating institutions’ research ethics committees [Comité
de Ética en Investigación, Instituto Mexicano del Seguro
Social (No. 12CEI 09 006 14); Comité de Ética en Inves-
tigación, Instituto Nacional de Salud Pública (No. 13CEI
17 007 36); Comité de Ética, Centro de Investigación en
Ciencias Médicas (No. 1233008X0236)], approved the
study protocol and informed consent forms. Written in-
formed consent was obtained from all participants.

Assessment of sugar- and artificially-sweetened beverage
consumption and other dietary intake
To assess diet, a validated semi-quantitative food frequency
questionnaire (FFQ) was used [31]. To test the FFQ’s
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reproducibility, it was administered twice, at a 1-year inter-
val, to 134 women residing in Mexico city and the validity
results were then compared with those from the set of 4
recall tests given at 3 month intervals. The questionnaire
includes data describing the frequency of consumption of
116 foods during the previous year. This FFQ collects
information about the consumption of soft drinks, such
as: sugar-sweetened soft drinks (colas and other carbon-
ated beverages with sugar), flavored water with sugar
(such as lemon or orange water prepared with artificial
flavorings) and diet soft drinks (low-calorie colas and
other low-calorie beverages), using a standard serving
size of 355 ml. We also assessed consumption of orange
juice. The amount of energy intake from the ingestion
of these beverages (Kcal/serving) was determined using
the Evaluation System of Eating Habits and Nutrient
Consumption (SNUT) [32]. For this study, we summed
the intakes of single items to create totals for SB (sugar
sweetened soft drinks and flavored water with sugar)
and diet beverages (low-calorie colas and other low-calorie
beverages). In addition, SB intake was divided into four cat-
egories: (I) < 0.5 servings of SB/day, (II) ≥0.5 – 1.0 servings
of SB/day, (III) >1.0 - < 3 servings of SB/day, and (IV) ≥ 3
servings of SB/day. Total energy, energy from other carbo-
hydrates, nutrient intakes and alcohol consumption were
similarly estimated with this questionnaire.

Biological measures
A fasting venous blood sample was collected from the
antecubital vein; fasting time was ≥8 hours. Serum uric
acid levels were determined with the enzymatic colori-
metric method using the SYNCHRON CX® system [33].
Hyperuricemia was defined as uric acid levels ≥ 7.0 mg/
dL in men and ≥ 5.8 mg/dL in women [1].

Anthropometric measures
Body weight was measured with a previously calibrated
electronic scale (model BC-533; Tanita, Tokyo, Japan),
with participants wearing minimal clothing. Height was
measured using a conventional stadiometer (SECA brand),
on barefoot subjects standing with their shoulders in a nor-
mal position; measurements were taken with the tape in a
horizontal plane perpendicular to the vertical scale, touch-
ing the top of the head at the moment of inspiration. Waist
circumference was measured at the high point of the iliac
crest at the end of normal expiration, to the nearest
0.1 cm, with a conventional steel measuring tape (SECA
brand). Abdominal obesity was defined as a waist cir-
cumference > 102 cm for men and > 88 cm for women
[34]. Body mass index was classified as: normal (18.5
to < 25 kg/m2), overweight (≥25 to < 30 kg/m2), or obese
(≥30 kg/m2) [35]. The proportion of body fat was deter-
mined by dual X-ray absorptiometry (DEXA) using a
Lunar densitometer (model: DPX-GE 73735, serial number:
638405U77) (Lunar Radiation Corporation, Madison, WI,
USA; software version .35, fast scan mode). Excess body fat
was defined as >35% in women and >25% in men [36].
All measurement procedures were performed by trained
personnel using standardized procedures.

Assessment of other variables
Demographic information was collected using a self-
administered questionnaire. Physical activity level was de-
termined using a survey used in similar follow-up studies
[37,38]. The participants reported the time they spent each
week on activities such as running, walking, etc. during a
typical week in the previous year. The physical activity vari-
able was categorized into: inactive <30 min/day and active
≥30 min/day, in accordance with previous studies [39]. Fi-
nally, participants were asked about weight changes they ex-
perienced during the previous year, and this information was
categorized as: no weight change, weight loss, or weight gain
in the past year. Participants who gained or lost less than
5 kg were categorized have experienced no weight change.

Statistical analysis
We performed an exploratory analysis by sex and SB in-
take considering the variables of age, body mass index,
body fat proportion, tobacco use, physical activity, levels
of uric acid, SB consumption and other dietary variables.
We used Student t tests for continuous variables and
Chi2 tests for categorical variables to test for differences
between sexes. When continuous variables did not show
a normal distribution, non-parametric tests for trends
across ordered groups were performed.
We assessed trends of acid uric levels, hyperuricemia,

and other variables across categories of SB intake. Differ-
ences between groups were computed with the test for
linear trend.
The effect of SB consumption on uric acid levels was

determined using linear regression models. In this case,
the increments of uric acid levels were considered across
categories of SB intake, using the lowest category of con-
sumption (<0.5 SB/day) as a reference.
To estimate the association between SB intake and levels

of uric acid, we computed odds ratios (OR) and 95% confi-
dence intervals (CI 95%) using multiple logistic regression
models, adjusting for different covariables in several models.
The first model was adjusted for age, the second added to-
bacco use, physical activity (min/day), and body weight
changes, the third model added energy intake (kcal/day),
alcohol consumption (g/day), percentage of energy from
carbohydrates (quintiles), total meats (servings/day), sea-
food (servings/day), total fruits (servings/day), dairy prod-
ucts (servings/day), coffee (cups/day), and vitamin C
intake (mg/day), and finally the fourth model added BMI
(kg/m2) to determine whether or not the relationship was
the result of a BMI classified as overweight or obese. In all



Table 1 Characteristics of Mexican adults from the
baseline assessment of the Health Workers Cohort Study

Men Women

n = 1956
(29.2%)

n = 4749
(70.8%)

P-value*

Age (years)Ş 42.6 (11.6) 43.0 (12.2) 0.1

18-27% 9.1 11.9 < 0.001

28-37 27.6 23.2 <0.001

38-47 29.4 29.4 0.9

48-57 22.3 22.3 0.9

58-70 11.6 13.2 0.1

BMI (kg/m2)Ş 27.1 (3.9) 26.7 (4.7) < 0.001

Overweight % Ω 50.6 38.9 < 0.001

Obese % Ω 19.1 20.4 0.2

Waist circumference (cm)Ş 93.7 (10.9) 89.7 (12.7) < 0.001

Central obesity % ¶ 20.1 53.0 < 0.001

Body fat proportion
by massŞ

30.3 (7.3) 42.6 (6.6) < 0.001

Excess (>25 M, >35 W), % 80.7 87.1 < 0.001

Physical activity (min/d)Ş 33.3 (39.0) 22.5 (28.5) < 0.001

Active (≥30 min/d), % 41.0 31.8 < 0.001

Tobacco use %

Ex-smoker 37.9 20.6 < 0.001

Current smoker 26.7 17.6 < 0.001

Uric acid (mg/dL)Ş 5.9 (1.5) 4.4 (1.2) < 0.001

Hyperuricemia % + 20.6 13.5 < 0.001

Dietary variables

Portions of sugar-sweetened
beverages/dayŞ

1.8 (1.6) 1.6 (1.5) < 0.001

Portions of diet soft drinks 0.05 (0.2) 0.07 (0.3) 0.019

Portions of orange juice 0.36 (0.6) 0.42 (0.6) <0.001

Calorie intake from sweetened
beverages (Kcal/day)Ş

225 (198) 186 (184) < 0.001

Percent of energy intake
from sweetened beveragesŞ

9.5 (7.2) 8.5 (7.2) < 0.001

Total calorie intake (Kcal/day)Ş 2318 (925) 2146 (898) < 0.001

Carbohydrates (% of energy)Ş 59.0 (8.5) 61.1 (8.6) < 0.001

Fat (% of energy)Ş 20.3 (5.1) 20.5 (5.4) 0.2

Alcohol intake (gr/day) 9.2 (22.2) 2.2 (5.4) < 0.001

Total meat intake (servings/day)a 1.5 (1.0) 1.3 (0.9) < 0.001

Seafood intake (servings/day)b 0.15 (0.2) 0.14 (0.2) 0.05

Low fat dairy intake
(serving/day)c

0.48 (0.9) 0.56 (1.0) 0.002

High fat dairy intake
(servings/day)d

1.8 (1.6) 2.2 (2.1) < 0.001

Table 1 Characteristics of Mexican adults from the
baseline assessment of the Health Workers Cohort Study
(Continued)

Coffee intake (servings/day) 0.5 (0.9) 0.5 (0.9) 0.8

Total fruit intake (servings/day)e 3.7 (3.5) 5.1 (5.0) <0.001

Total vitamin C intake (mg/day)f 240.7 (206.6) 308.7 (261.8) <0.001
ŞValues are means and with SD in parentheses, unless otherwise specified;
Ω BMI: Overweight ≥ 25 - < 30 kg/m2; Obese, when BMI ≥ 30 kg/m2;
¶ Central obesity: > 102 cm in men and > 88 cm in women;
+ Hyperuricemia: ≥ 7.0 mg/dL for men, and ≥ 5.8 mg/dL for women;
aTotal meat included main or mixed dish of beef/pork/lamb/, processed meat
(sausage/bacon/ham/cecina/chorizo), poultry, chicken liver, beef liver, fried
pork chunks;
bSeafood intake included tuna, sardines, other seafood;
cLow fat dairy foods included skim/low fat milk and panela cheese;
dHigh fat dairy foods included whole milk, cream, butter, ice cream, cream
cheese, and other cheese.
eTotal fruit intake included banana, plum, peach, apple, orange, grapes,
strawberry, blackberry, melon, watermelon, mango, tangerine, pear, mammee
apple, sapote, prickly pear, papaya, pineapple;
fTotal vitamin C included dietary vitamin C and supplemental vitamin C;
*P < 0.05, difference in mean and proportion between sexes. Values were
determined using a student’s t-test for continuous variable and a chi2 test for
categorical variables.
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the multivariate models, the reference category of energy
intake from SB was defined as < 0.5 SB/day.
To assess possible effect modification, we explored

analyses stratified by age (two categories: < 50 years
vs. ≥ 50 years), and BMI (two categories: <25 kg/m2

vs. ≥25 kg/m2). We tested the significance of the inter-
action with a likelihood ratio test by comparing a model
with the main effects of each intake and the stratifying
variable and the interaction terms with a reduced model
with only the main effects. All p values presented are
two sided; p < 0.05 was considered statistically signifi-
cant. All the statistical analyses were performed using
the STATA statistical software package, version 9.2 for
Windows (Stata Corp. LP: College Station, TX).

Results
The study population was made up of mainly middle-
aged participants; most (70.8%) were women with a
mean age of 43 years, and the rest were men with a
mean age of 42.6 years. Their average uric acid level was
5.9 mg/dL in men and 4.4 mg/dL in women (p < 0.001).
A total of 20.6% of men had hyperuricemia as compared
to 13.5% of women (p < 0.001). Men consumed an aver-
age of 225 kcal/day from SB, whereas women consumed
186 Kcal/day (p < 0.001) (Table 1).
Men with the highest SB intake (≥3 servings of SB/day)

were younger, had higher caloric and total carbohydrate
intakes and were more frequently smokers. Additionally,
the male participants with the highest SB intake had
higher average BMIs, proportions of obesity, and percent-
ages of body fat than men in the category with the lowest
SB intake (<0.5 servings of SB/day). Finally, serum uric
acid concentrations and hyperuricemia prevalence were



Table 2 Characteristics, according to categories of sugar-sweetened beverage intake by sex in a Mexican adult population

Men Women

< 0.5 SB/day ≥ 0.5-1.0 SB/day >1.0- < 3.0 SB/day ≥ 3 SB/day < 0.5 SB/day ≥ 0.5-1.0 SB/day >1.0- < 3.0 SB/day ≥ 3 SB/day

(n = 333) (n = 425) (n = 592) (n = 606) P value* (n = 1178) (n = 1063) (n = 1312) (n = 1196) P value*

Age (years)Ş 45.5 (12.0) 43.9 (11.8) 41.9 (11.4) 40.7 (11.0) < 0.001 45.8 (12.7) 43.3 (12.3) 42.2 (11.7) 41.0 (11.4) < 0.001

18-27% 5.0 7.9 10.4 10.8 0.003 9.5 12.2 12.7 13.2 0.004

28-37 22.3 24.8 28.7 31.4 0.003 19.5 22.6 23.6 27.1 < 0.001

38-47 28.2 30.2 28.9 30.0 0.6 25.8 28.8 31.0 31.7 0.001

48-57 27.3 22.4 22.1 19.8 0.01 24.4 22.9 22.5 19.3 0.003

58-70 17.2 14.7 9.9 8.0 < 0.001 20.8 13.5 10.2 8.7 <0.001

BMI (kg/m2)Ş 26.7 (3.8) 26.9 (4.0) 27.2 (4.0) 27.4 (3.8) 0.01 26.8 (4.8) 26.9 (4.7) 26.5 (4.6) 26.4 (4.7) 0.1

Overweight % Ω 50.5 52.8 49.1 50.6 0.9 39.4 37.9 38.1 40.3 0.6

Obese % 15.4 15.2 21.3 21.8 0.02 21.1 22.6 19.8 18.4 0.1

Body fat proportion 29.3 (6.9) 30.0 (7.6) 30.7 (7.8) 30.5 (6.7) 0.01 42.4 (6.7) 42.9 (6.5) 42.5 (6.7) 42.6 (6.5) 0.5

Excess body fat % ¶ 75.8 78.7 82.2 83.2 0.01 86.1 88.2 86.7 87.6 0.3

Physical activity (min/d)Ş 33.8 (37.5) 31.0 (37.7) 33.2 (39.2) 34.8 (40.6) 0.7 25.2 (30.0) 22.9 (29.9) 19.5 (25.7) 22.7 (28.4) 0.05

Active (≥30 min/d) % 42.9 37.6 40.3 43.1 0.9 35.2 32.0 27.9 32.6 0.2

Tobacco use %

Ex-smoker 40.1 42.1 37.3 34.4 0.1 22.1 19.4 19.8 21.0 0.5

Current smoker 16.3 20.1 30.6 33.2 < 0.001 13.2 14.8 20.4 21.1 < 0.001

Uric acid (mg/dL)Ş 5.7 (1.3) 5.8 (1.6) 5.9 (1.4) 6.1 (1.5) < 0 .001 4.3 (1.3) 4.4 (1.2) 4.4 (1.2) 4.4 (1.3) 0.9

Hyperuricemia %+ 13.4 19.2 20.8 25.2 < 0.001 13.1 13.8 14.1 14.1 0.9

Dietary variables

Portion of sweetened beverages/dayŞ 0.3 (0.4) 0.8 (0.4) 1.5 (0.7) 3.5 (1.6) < 0.001 0.3 (0.4) 0.8 (0.4) 1.5 (0.8) 3.5 (1.5) < 0.001

Calorie intake from sweetened
beverages (kcal/day)Ş

34.9 (26.8) 102.2 (41.8) 196.2 (89.4) 442.4 (195.9) < 0.001 28.9 (25.1) 96.8 (40.4) 180.2 (90.8) 426.4 (182.4) < 0.001

Total calorie intake (kcal/day)Ş 2214 (1004) 2250 (827) 2324 (929) 2416 (931) 0.002 2035 (934) 2155 (840) 2111 (916) 2309 (871) < 0.001

Carbohydrates (% of energy)Ş 56.9 (10.0) 57.2 (8.1) 57.8 (7.7) 62.7 (7.3) < 0.001 59.5 (10.0) 59.4 (8.0) 60.2 (7.6) 65.1 (7.4) < 0.001

Protein (% of energy)Ş 17.9 (7.7) 17.7 (6.0) 17.8 (6.0) 15.6 (4.9) <0.001 15.0 (5.6) 15.2 (4.8) 15.2 (4.6) 13.0 (3.9) < 0.001

Fat (% of energy)Ş 25.2 (6.1) 25.1 (5.3) 24.4 (4.9) 21.7 (4.6) < 0 .001 24.5 (6.5) 25.4 (5.2) 24.5 (4.8) 21.8 (4.9) < 0.001

Alcohol intake (gr/day) 10.2 (40.9) 9.3 (17.1) 10.0 (17.7) 7.7 (12.6) 0.18 2.1 (5.2) 2.5 (6.3) 2.0 (5.4) 2.1 (4.8) 1.00

Total meat intake (servings/day)a 1.45 (1.3) 1.47 (0.9) 1.54 (0.9) 1.46 (0.9) 0.88 1.19 (1.0) 1.33 (0.9) 1.32 (0.9) 1.26 (0–8) 0.06

Seafood intake (servings/day)b 0.20 (0.33) 0.15 (0.17) 0.13 (0.15) 0.13 (0.18) < 0.001 0.15 (0.25) 0.15 (0.19) 0.13 (0.22) 0.12 (0.30) 0.08

Low fat dairy intake (serving/day)c 0.62 (1.0) 0.53 (1.0) 0.46 (0.8) 0.39 (0.8) < 0.001 0.70 (1.1) 0.60 (1.0) 0.48 (0.9) 0.47 (0.9) <0.001

High fat dairy intake (servings/day)d 1.8 (1.8) 1.9 (1.8) 1.7 (1.4) 1.7 (1.5) 0.36 2.3 (2.4) 2.3 (2.0) 2.1 (1.9) 2.0 (1.9) 0.003
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Table 2 Characteristics, according to categories of sugar-sweetened beverage intake by sex in a Mexican adult population (Continued)

Coffee intake (servings/day) 0.44 (0.9) 0.47 (0.9) 0.54 (0.9) 0.55 (0.9) 0.05 0.44 (0.8) 0.46 (0.8) 0.58 (0.9) 0.57 (0.9) <0.001

Total fruit intake (servings/day)e 4.8 (5.2) 3.9 (4.2) 3.6 (3.9) 3.1 (3.5) <0.001 6.0 (6.4) 5.4 (5.3) 4.7 (5.0) 4.5 (4.5) < 0.001

Total vitamin C intake (mg/day)f 278 (256) 237 (185) 230 (199) 230 (196) 0.001 330 (298) 303 (239) 287 (256) 317 (247) 0.24
ŞValues are means and with SD in parentheses, unless otherwise specified;
Ω BMI: Overweight ≥ 25 - < 30 kg/m2; Obese, when BMI ≥ 30 kg/m2;
¶ Central obesity: > 102 cm in men and > 88 cm in women;
+ Hyperuricemia: ≥ 7.0 mg/dL for men, and ≥ 5.8 mg/dL for women;
aTotal meat included main or mixed dish of beef/pork/lamb/, processed meat (sausage/bacon/ham/cecina/chorizo), poultry, chicken liver, beef liver, fried pork chunks;
bSeafood intake included tuna, sardines, other seafood;
cLow fat dairy foods included skim/low fat milk and panela cheese;
dHigh fat dairy foods included whole milk, cream, butter, ice cream, cream cheese, and other cheese.
eTotal fruit intake included banana, plum, peach, apple, orange, grapes, strawberry, blackberry, melon, watermelon, mango, tangerine, pear, mammee apple, sapote, prickly pear, papaya, pineapple;
fTotal vitamin C included dietary vitamin C and supplemental vitamin C;
*P-values were determined using a test for linear trend for continuous variables and chi2 test for categorical variables.
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Table 3 Differences in serum uric acid levels (mg/dL) according to categories of sugar-sweetened beverage intake

Men Women**

< 0.5 SB/day ≥ 0.5-1.0
SB/day

>1.0- < 3.0
SB/day

≥ 3 SB/day < 0.5 SB/day ≥ 0.5-1.0
SB/day

>1.0- < 3.0
SB/day

≥ 3 SB/day

β (95% CI) β (95% CI) β (95% CI) β (95% CI) P-value* β (95% CI) β (95% CI) β (95% CI) β (95% CI) P-value*

Model I 0.0 0.16
(−0.04,0.38)

0.24
(0.04,0.44)

0.45
(0.26,0.65)

<0.001 0.0 0.15
(0.05,0.25)

0.19
(0.10,0.28)

0.14
(0.05,0.24)

0.002

Model II 0.0 0.16
(−0.05,0.37)

0.22
(0.02,0.42)

0.42
(0.22,0.62)

<0.001 0.0 0.15
(0.05,0.25)

0.14
(0.04,0.23)

0.18
(0.08,0.27)

0.004

Model III 0.0 0.15
(−0.05,0.36)

0.18
(0.01,0.38)

0.42
(0.22,0.62)

<0.001 0.0 0.15
(0.5,0.24)

0.17
(0.07,0.26)

0.20
(0.10,0.29)

<0.001

Model IV 0.0 0.14
(−0.06,0.35)

0.15
(−0.04,0.35)

0.38
(0.18,0.57)

<0.001 0.0 0.14
(0.04,0.23)

0.18
(0.09,0.27)

0.21
(0.11,0.30)

<0.001

*P for linear trend.
Model I: adjusted for age (18–27, 28–37, 38–47, 48–57, 58–70 years of age);
Model II: adjusted for tobacco use (Current smoker, ex-smoker y non-smoker), physical activity (active ≥30 min/d, inactive < 30 min/d), weight change (did not
gain, gained, lost);
Model III: adjusted for calorie intake (quintiles),total meats (servings/day), seafood (servings/day), dairy products (servings/day), alcohol intake (g/day), total fruits
(servings/day), vitamin C intake (mg/day), coffee (cups/day);
Model IV: BMI (normal <25 kg/m2, overweight/obesity ≥25 kg/m2);
**For women, model IV was additionally adjusted for menopause (%) and postmenopausal hormone use (%).
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higher in men with the highest levels of SB intake (p for
trend <0.001). For the female participants, women in the
highest category of SB consumption were more frequently
smokers and were less active than women in the lowest
category of SB consumption (Table 2).
The results of a multivariate regression analysis evalu-

ating the effect of sweetened beverage intake on uric
acid levels are presented in Table 3. In the adjusted model,
we found that uric acid levels in men who consumed
more than 3 servings of sweetened beverages per day in-
creased 0.38 mg/dL (P < 0.001); whereas in women these
levels increased to 0.21 mg/dL, in comparison with sub-
jects who consumed less than 0.5 servings of SB/day.
Table 4 Odds ratios (95% CI) for hyperuricemia according to

Men

< 0.5 SB/day ≥ 0.5-1.0
SB/day

>1.0- < 3.0
SB/day

≥ 3 SB/day

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) P-valu

Model I 1.0 1.53
(1.03-2.28)

1.73
(1.19-2.51)

2.22
(1.54-3.21)

<0.00

Model II 1.0 1.51
(1.01-2.24)

1.67
(1.14-2.43)

2.14
(1.47-3.10)

<0.00

Model III 1.0 1.62
(1.07-2.43)

1.76
(1.19-2.60)

2.40
(1.63-3.53)

<0.00

Model IV 1.0 1.59
(1.05-2.40)

1.68
(1.14-2.49)

2.29
(1.55-3.38)

<0.00

*P for linear trend.
Model I: adjusted for age (18–27, 28–37, 38–47, 48–57, 58–70 years of age);
Model II: adjusted for tobacco use (Current smoker, ex-smoker y non-smoker), phys
gain, gained, lost);
Model III: adjusted for calorie intake (quintiles),total meats (servings/day), seafood (s
(servings/day), vitamin C intake (mg/d), coffee (cups/day);
Model IV: BMI (normal <25 kg/m2, overweight/obesity ≥25 kg/m2);
**For women, model IV was additionally adjusted for menopause (%) and postmen
Results of the multiple logistic regression analysis show
a positive association between SB consumption and the
presence of hyperuricemia in men and women. In men
consuming ≥0.5 - 1.0 servings of SB/day, the multivariate
odds ratio for hyperuricemia was 1.59 (95% CI: 1.05–2.40),
as compared with the reference consumption level of SB
(<0.5 servings of SB/day). For men consuming >1.0 - <3.0
servings of SB/day, this was 1.68 (95% CI: 1.14–2.49), and
men consuming ≥ 3.0 SB/day was 2.29 (95% CI: 1.55–3.38;
p for trend <0.001). For women, the ORs for hyperurice-
mia across categories of SB consumption were: 1.19 (95%
CI: 0.92-1.53), 1.33 (95% CI: 1.04-1.70) and 1.35 (95% CI:
1.04-1.75) p for trend 0.015 (Table 4).
categories of energy of sweetened beverage intake

Women**

< 0.5 SB/day ≥ 0.5-1.0
SB/day

>1.0- < 3.0
SB/day

≥ 3 SB/day

e* OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) P-value*

1 1.0 1.23
(0.96-1.58)

1.35
(1.06-1.71)

1.34
(1.04-1.71)

0.014

1 1.0 1.22
(0.95-1.57)

1.32
(1.04-1.68)

1.33
(1.04-1.71)

0.016

1 1.0 1.22
(0.95-1.56)

1.30
(1.02-1.66)

1.32
(1.02-1.71)

0.026

1 1.0 1.19
(0.92-1.53)

1.33
(1.04-1.70)

1.35
(1.04-1.75)

0.015

ical activity (active ≥30 min/d, inactive < 30 min/d), weight change (did not

ervings/day), dairy products (servings/day), alcohol intake (g/d), total fruits

opausal hormone use (%).



(A) (B)

Figure 1 Multivariate odds ratio of hyperuricemia in men, according to the tertiles of sweetened beverage intake. *Analyses of effect
modification: (A) stratified by body mass index (BMI: < 25 kg/m2 vs ≥ 25 kg/m2), (B) stratified by age (< 50 years vs ≥ 50 years. Reference group
for comparisons was men in lowest tertile of sweetened beverage intake and (A) with body mass index < 25 kg/m2, and (B) with age < 50 years.
Odds ratio were adjusted for: age (years), tobacco use (current smoker, ex-smoker y non-smoker), physical activity (active ≥ 30 min/day, inactive < 30
min/day), weight change (did not gain, gained, lost), calorie intake (quintiles), percentage of energy from total carbohydrate (quintiles), percentage of
energy from protein (quintiles), alcohol intake (gr/day), vitamin C intake (mg/day), and body mass index.
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We examined the joint effect of SB intake and body
mass index by cross classifying the study population by
both variables. The odds ratio from these stratified ana-
lyses was 4.71 (95% CI: 2.64-8.36; p for interaction 0.007)
when men with high SB consumption and overweight/
obesity were compared with men with a low consumption
of sweetened beverage and body mass index < 25 kg/m2

(Figure 1A). In women (Figure 2A), the OR for the com-
bination of a high consumption of SB and BMI ≥ 25 kg/
m2 compared with women in the opposite extreme was
3.77 (95% CI: 2.53-5.35, p for interaction 0.007).

Discussion
Our results suggest that a considerable portion of our
male participants’ energy consumption came from SB
(A)

Figure 2 Multivariate odds ratio of hyperuricemia in women, accordin
modification: (A) stratified by body mass index (BMI: < 25 kg/m2 vs. ≥ 25 k
for comparisons was women in lowest tertile of sweetened beverage intak
years. Odds ratio were adjusted for: age (years), tobacco use (current smok
inactive < 30 min/d), weight change (did not gain, gained, lost), calorie int
percentage of energy from protein (quintiles), alcohol intake (g/d), vitamin
(9.5%). This result is consistent with previous reports that
estimate the daily energy intake from SB among Mexican
adults (10%) [4,26]. We found that men consumed an
average of 225 Kcal/day and women consumed 186 Kcal/
day from SB. These findings suggest that excessive SB
consumption is contributing to excess calorie intake [25],
supporting recommendations to minimize daily SB con-
sumption. These recommendations are further supported
given that our study population exceeded the recom-
mended calorie intake limit (220 Kcal/day for men and
180 Kcal/day for women) established for the Mexican
population by a committee of experts [26].
According to our results, increased SB intake is posi-

tively associated with increased risk of hyperuricemia in
Mexican adults, independent of other covariables. The
(B)

g to the tertiles of sweetened beverage intake. *Analyses of effect
g/m2), (B) stratified by age (< 50 years vs. ≥ 50 years. Reference group
e and (A) with body mass index < 25 kg/m2, and (B) with age < 50
er, ex-smoker y non-smoker), physical activity (active ≥ 30 min/d,
ake (quintiles), percentage of energy from total carbohydrate (quintiles),
C intake (mg/d), and body mass index.
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prevalence of hyperuricemia in our study (20.6% of men,
13.5% of women) is similar to that reported in a cross-
sectional analysis completed by Choi et al. (19% of men,
17% of women) in the US using information from the
Third US National Health and Nutrition Examination
Survey, in which the association between SB consump-
tion and levels of uric acid was analyzed [1].
In this study, Choi et al. reports that the subjects con-

suming more than 4 SB/day had an 82% increased risk
of hyperuricemia (OR = 1.82; p = 0.003) in comparison
with those that did not consume SB [1]. In our results,
the risk of hyperuricemia increased significantly with an
intake of SB greater than 3 SB/day, leading to 129% in-
creased odds of hyperuricemia in men and 35% increased
odds of hyperuricemia in women compared with partici-
pants who consumed less than 0.5 servings of SB/day.
In this study, we observed that men and women with

high SB consumption and a body mass index ≥ 25 Kg/m2

are respectively at approximately 5.0 and 4.0 times greater
risk for hyperuricemia than men and women with low SB
consumption and normal body mass index, independent
of dietary and other risk factors. Obesity is associated with
hyperuricemia [40], and also positively and independently
associated with clinical conditions commonly related to
hyperuricemia including insulin resistance, hypertension,
and inflammation [41].
The effect of SB consumption on uric acid levels may

be explained by changes resulting from the ingestion of
sucrose and fructose. During the metabolism of fructose,
it is phosphorylated to fructose-1-phosphate (F1P) by
fructokinase. The depletion of adenosine triphosphate
(ATP) inhibits the oxidative phosphorylation of adeno-
sine diphosphate (ADP) by creating a shortage of inor-
ganic phosphate (Pi). As a result, F1P is sequestered and
the ADP produced during this metabolic cycle is con-
verted into adenosine monophosphate (AMP) by adenyl-
ate kinase, which can also serve as a substrate for the
production of uric acid. Moreover, the depletion of ATP
and Pi during the metabolism of fructose decreases feed-
back inhibition for the generation of uric acid. Indeed, ex-
perimental studies in humans and animals show a short
term rise in acid uric concentrations with subsequent
fructose ingestion or infusion [20,21]. Fructose may also
indirectly increase serum levels of uric acid by increasing
insulin resistance, leading to impaired glucose tolerance,
and elevated circulating insulin levels [18,20,21,42,43].
Our findings have important implications for the pre-

vention of hyperuricemia. Our results provide evidence
that SB poses an increased risk for hyperuricemia. This
casts doubt on the adequacy of the current dietary recom-
mendations of the Mexican public health system aimed at
reducing SB consumption. New health policies are neces-
sary. While obesity is an important risk factor for T2DM,
and other metabolic complications, there is new evidence
suggesting that elevated uric acid levels is one of the most
important risk factors for cardiovascular disease and also
plays an important role in the development of renal dis-
ease [5], T2DM metabolic syndrome, and insulin resist-
ance [44,45], which are important public health problems
in Mexico.
There are some potential limitations of our study. First,

the cross-sectional design of the study does not allow for
identification of a causal relationship between SB intake
and the occurrence of hyperuricemia, since the temporal
relationship of these events cannot be determined. The re-
lationship between high SB consumption and hyperurice-
mia is, however, biologically plausible, and will need to be
confirmed in future longitudinal studies. Second, this co-
hort population cannot be considered representative of
the Mexican population as a whole, but instead only rep-
resentative of adults living in urban areas in central
Mexico. Finally, even though many studies, including ours,
used ≥ 7 mg/dL for men and ≥ 5.8 mg/dL for women as a
cut-off to identify hyperuricemia, there is no consensus on
the acid uric level cut-off point for identifying hyperurice-
mia. In spite of these limitations, the main strength of this
study was the large number of participants.

Conclusion
Our findings support a positive association between SB
intake and serum uric acid levels in Mexican adults. If
this relationship is causal, it could inform approaches for
preventing chronic diseases such as T2DM, hypertension,
gout, and cardiovascular disease. This evidence further-
more suggests the need to implement health policies for
reducing SB consumption in Mexico. Longitudinal re-
search is needed to confirm the association between SB in-
take and hyperuricemia. Further studies are also required
to elucidate the risk of hyperuricemia among high SB con-
suming overweight/obese individuals and the elderly.

Abbreviations
T2DM: Type 2 diabetes mellitus; SB: Sweetened beverages; BMI: Body mass
index; FFQ: Food frequency questionnaire; SNUT: Evaluation system of eating
habits and nutrient composition; DEXA: Dual X-ray absorptiometry; OR: Odds
ratio; CI 95%: Confidence intervals; F1P: Fructose-1-phosphate; ATP: Adenosine
triphosphate; ADP: Adenosine diphosphate; Pi: Inorganic phosphate;
AMP: Adenosine monophosphate.

Competing interest
We declare that there is no competing interest in submitting this manuscript
for publication to BMC Public Health.

Authors’ contributions
ED-G and JS designed the study; JM-L, ED-G, JS, SC-R, BR-P, GH-B, MQ-T,
collected the data; JM-L, ED-G, JS performed the statistical analyses, JM-L,
MC-R, SR, ED-G, JS, drafted the manuscript. All authors reviewed and
commented on the manuscript. All authors read and approved the final
version of the paper.

Acknowledgements
Supported by Consejo Nacional de Ciencia y Tecnología (grant no. C01-7876/
A-1), the Universidad Autónoma del Estado de México (grant. no. 1860/2004),
and the Instituto Mexicano del Seguro Social (grant no. 2005-1-I-080).



Meneses-Leon et al. BMC Public Health 2014, 14:445 Page 10 of 11
http://www.biomedcentral.com/1471-2458/14/445
Author details
1Unidad de Investigación Epidemiológica y en Servicios de Salud, Instituto
Mexicano del Seguro Social, Cuernavaca, Morelos, México. 2Centro de
Investigación en Ciencias Médicas, Universidad Autónoma del Estado de
México, Toluca, Estado de México, México. 3Coordinación de Investigación
en Salud, Centro Médico Nacional Siglo XXI, Instituto Mexicano del Seguro
Social, México, D.F., México. 4Unidad de Investigación en Economía de la
Salud, Centro Médico Nacional Siglo XXI, Instituto Mexicano del Seguro
Social, México, D.F., México. 5Unidad de Investigación Médica en
Epidemiologia Clínica, Centro Médico Nacional Siglo XXI, Instituto Mexicano
del Seguro Social, México, D.F., México. 6Facultad de Ciencias de la Salud,
Universidad Autónoma de Tlaxcala, Tlaxcala, México. 7Centro de
Investigación en Salud Poblacional, Instituto Nacional de Salud Pública,
Cuernavaca, Morelos, México. 8UC Berkeley-UC San Francisco Joint Medical
Program, Berkeley, CA, USA.

Received: 27 November 2013 Accepted: 15 April 2014
Published: 12 May 2014

References
1. Choi JW, Ford ES, Gao X, Choi HK: Sugar-sweetened soft drinks, diet soft

drinks, and serum uric acid level: the Third National Health and nutrition
Examination Survey. Arthritis Rheum 2008, 59:109–116.

2. Mikuls TR, Farrar JT, Bilker WB, Fernandes S, Schumacher HR Jr, Saag KG:
Gout epidemiology: results from de UK general practice research
database 2000–2005. Ann Rheum Dis 2005, 64:267–272.

3. Roubenoff R, Klag MJ, Mead LA, Liang KY, Seidler AJ, Hochberg MC: Incidence
and risk factors for gout in white men. JAMA 1991, 266:3004–3007.

4. Denova-Gutiérrez E, Talavera JO, Huitrón-Bravo G, Méndez-Hernández P,
Salmerón J: Sweetened beverage consumption and increased risk of
metabolic syndrome in Mexican adults. Public Health Nutr 2010, 13:835–842.

5. Schulze MB, Manson JE, Ludwig DS, Colditz GA, Stampfer MJ, Willett WC,
Hu FB: Sugar-sweetened beverages, weight gain, and incidence of type 2
diabetes in young and middle-aged women. JAMA 2004, 292:927–934.

6. Choi HK, Curhan G: Independent impact of gout on mortality and risk for
coronary heart disease. Circulation 2007, 116:894–900.

7. Changgui L, Ming-Chia H, Shun-Jen C: Metabolic syndrome, diabetes and
hyperuricemia. Curr Opin Rheumatol 2013, 25:210–216.

8. Grassi D, Ferri L, Desideri G, Di Giosia P, Cheli P, Del Pinto R, Properzi G,
Ferri C: Chronic hyperuricemia, uric acid deposit and cardiovascular risk.
Curr Pharm Des 2013, 19:2432–2438.

9. Feig DI, Kang D-H, Johnson RJ: Uric acid and cardiovascular risk. N Engl J
Med 2008, 359:1811–1821.

10. Palmer TM, Nordestgaard BG, Benn M, Tybjaerg-Hansen A, Davey Smith G,
Lawlor DA, Timpson NJ: Association of plasma uric acid with ischaemic
heart disease and blood pressure: mendelian randomization analysis of
two large cohorts. BMJ 2013, 347:f4262.

11. Rho YH, Zhu Y, Choi HK: The epidemiology of uric acid and fructose.
Semin Nephrol 2011, 31:410–419.

12. Villegas R, Xiang YB, Xu WH, Cai H, Cai Q, Linton MF, Fazio S, Zheng W, Shu XO:
Puri-rich foods, protein intake and the prevalence of hyperuricemia: the
Shanghai Men’s Health Study. Nutr Metabol Cardiovasc Dis 2012, 22:409–416.

13. Yu KH, See LC, Huang YC, Yang CH, Sun JH: Dietary factors associated with
hyperuricemia in adults. Semin Arthritis Rheum 2008, 37:243–250.

14. Choi HK, Liu S, Curhan G: Intake of purine-rich foods, protein, and dairy
products and relationship to serum levels of uric acid. Arthritis Rheum
2005, 52:283–289.

15. Jordan KM, Cameron JS, Snaith M, Zhang W, Doherty M, Seckl J,
Hingorani A, Jaques R, Nuki G, British Society for Rheumatology and British
Health Professionals in Rheumatology Standards, Guidelines and Audit
Working Group (SGAWG): British Society for rheumatology and british
health professionals in rheumatology guideline for the management of
gout. Rheumatology 2007, 46:1372–1374.

16. Choi HK, Willett W, Curhan G: Fructose-rich beverages and risk of gout in
women. JAMA 2010, 304:2270–2278.

17. Gao X, Qi L, Qiao N, Choi HK, Curhan G, Tucker KL, Ascherio A: Intake of
added sugar and sugar-sweetened drink and serum uric acid
concentration in US men and women. Hypertension 2007, 50:306–312.

18. Angelopoulos TJ, Lowndes J, Zukley L, Melanson KJ, Nguyen V, Huffman A,
Rippe JM: The effect of high-fructose corn syrup consumption on
triglycerides and uric acid. J Nutr 2009, 139:1242S–1245S.
19. Welsh JA, Sharma A, Abramson JL, Vaccarino V, Gillespie C, Vos MB: Caloric
sweetener consumption and dyslipidemia among US adults. JAMA 2010,
303:1490–1497.

20. Fox IH, Kelley WN: Studies of the mechanism of fructose-induced
hiperuricemia in man. Metabolism 1972, 21:713–721.

21. Dalbeth N, House ME, Gamble GD, Horne A, Pool B, Purvis L, Stewart A,
Merriman M, Cadzow M, Phipps-Green A, Merriman TR: Population-specific
influence of SLC2A9 genotype on the acute hyperuricaemic response to
a fructose load. Ann Rheum Dis 2013, 72:1868–1873.

22. White JS: Challenging the fructose hypothesis: new perspectives on
fructose consumption and metabolism. Adv Nutr 2013, 4:246–256.

23. Tappy L, Le KA, Tran C, Paquot N: Fructose and metabolic diseases: new
findings, new questions. Nutrition 2010, 26:1044–1049.

24. Semchyshyn HM: Fructation in vivo: detrimental and protective effects of
fructose. BioMed Res Int 2013, 2013:343914.

25. Barquera S, Hernandez-Barrera L, Tolentino ML, Espinosa J, Ng SW, Rivera JA,
Popkin BM: Energy intake from beverages is increasing among Mexican
adolescents and adults. J Nutr 2008, 138:2454–2461.

26. Rivera JA, Muñoz-Hernández O, Rosas-Peralta M, Aguilar-Salinas CA, Popkin BM,
Willett WC: Beverage consumption for a healthy life: recommendations for
the Mexican population. Salud Publica Mex 2008, 50:172–194.

27. Emerson BT: Effect of oral fructose on urate production. Ann Rheum Dis
1974, 33:276–280.

28. Choi HK: Soft drinks, fructose consumption, and the risk of gout in men:
prospective cohort study. BMJ 2008, 336:309–312.

29. Denova-Gutiérrez E, Castañón S, Talavera JO, Flores M, Macías N,
Rodríguez-Ramírez S, Flores YN, Salmerón J: Dietary patterns are
associated with different indexes of adiposity and obesity in an urban
Mexican population. J Nutr 2011, 141:921–927.

30. Rosner B: Percentage points for generalized ESD many-outlier procedure.
Technometrics 1983, 25:165–172.

31. Hernández-Avila M, Romieu I, Parra S, Hernández-Avila J, Madrigal H,
Willett W: Validity and reproducibility of a food frequency questionnaire
to assess dietary intake of women living in Mexico City. Salud Publica Mex
1998, 40:133–140.

32. Hernández-Ávila M, Resoles M, Parra S: Sistema de Evaluación de Hábitos
Nutricionales y Consumo de Nutrimentos (SNUT). Cuernavaca, México: INSP; 2000.

33. Tietz NW: Specimen Collection and Processing; Sources of Biological
Variation, Textbook of Clinical Chemistry. 2nd edition. Philadelphia, PA: WB
Saunders; 1994.

34. Barquera S, Flores M, Olaiz-Fernández G, Monterrubio E, Villalpando S,
González C, Rivera-Dommarco J, Sepulveda J: Dyslipidemias and obesity in
Mexico. Salud Publica Mex 2007, 49(suppl 3):S338–S347.

35. Olaiz-Fernández G, Rivera-Dommarco J, Shamah-Levy T, Rojas R,
Villalpando-Hernández S, Hernández-Avila M: Encuesta Nacional de Salud y
Nutrición 2006. Cuernavaca, México: Instituto Nacional de Salud Pública; 2006.

36. Deurenberg P, Yap M, Staveren WA: Body mass index and percent body
fat: a meta analysis among different ethnic groups. Int J Obes 1998,
22:1164–1171.

37. Chasan-Taber S, Rimm EB, Stampfer MJ, Spiegelman D, Colditz GA,
Giovannucci E, Ascherio A, Willett WC: Reproducibility and validity of a
self-administered physical activity questionnaire for male health
professionals. Epidemiology 1996, 7:81–86.

38. Martínez-González MA, López-Fontana C, Varo JJ, Sánchez-Villegas A,
Martinez JA: Validation of the Spanish version of the physical activity
questionnaire used in the Nurses‘Health Study and the Health
Professionals’ Follow-up Study. Public Health Nutr 2005, 8:920–927.

39. World Health Organization: Global Strategy on Diet, Physical Activity and Health.
Global Recommendations on Physical Activity for Health; 2010. http://www.who.
int/dietphysicalactivity/factsheet_recommendations/en/index.html.

40. Hiroyuki S, Masatomo M: Obesity and hyperuricemia. Adiposcience 2005,
2:349–353.

41. Sánchez-Lozada LG, Nakagawa T, Kang DH, Feig DI, Franco M, Johnson RJ,
Herrera-Acosta J: Hormonal and cytoquine effects of uric acid. Curr Opin
Nephrol Hypertens 2006, 15:30–33.

42. Hallfrisch J: Metabolic effects of dietary fructose. FASEB J 1990, 4:2652–2660.
43. Batt C, Phipps-Green A, Black MA, Cadzow M, Merriman ME, Topless R,

Gow P, Harrison A, Highton J, Jones P, Stamp L, Dalbeth N, Merriman TR:
Sugar-sweetened beverage consumption: a risk factor for prevalent gout
with SLC2A9 genotype-specific effects on serum urate and risk of gout.
Ann Rheum Dis 2013, 0:1–6.

http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/index.html
http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/index.html


Meneses-Leon et al. BMC Public Health 2014, 14:445 Page 11 of 11
http://www.biomedcentral.com/1471-2458/14/445
44. Sui X, Church TS, Meriwether RA, Lobelo F, Blair SN: Uric acid and
development of metabolic syndrome in women and men. Metabolism
2008, 57:845–852.

45. Tomiyama H, Higashi Y, Takase B, Node K, Sata M, Inoue T, Ishibashi Y,
Ueda S, Shimada K, Yamashina A: Relationships among hyperuricemia,
metabolic syndrome and endotelial function. Am J Hypertens 2011,
24:770–774.

doi:10.1186/1471-2458-14-445
Cite this article as: Meneses-Leon et al.: Sweetened beverage consumption
and the risk of hyperuricemia in Mexican adults: a cross-sectional study.
BMC Public Health 2014 14:445.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Assessment of sugar- and artificially-sweetened beverage consumption and other dietary intake
	Biological measures
	Anthropometric measures
	Assessment of other variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interest
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


