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ABSTRACT

Background: The elevated consumption of sugar-sweetened bever-
ages (SSBs) in Mexico is an important public health concern. How-
ever, the association between SSB consumption and hyperuricemia
has been scarcely studied and not well documented.

Objectives: To prospectively evaluate the association between SSB
consumption and risk of hyperuricemia in Mexican adults.
Methods: A longitudinal analysis was conducted using data from the
Health Workers Cohort Study. Participants were followed from 2004
to 2018, with measurements every 6 y. The analysis sample consisted
of 1300 adults, aged 18 to 85 y. SSB consumption during the previous
year was evaluated through a semiquantitative FFQ. Hyperuricemia
was defined as a concentration of uric acid >7.0 mg/dL in men and
>5.7 mg/dL in women. We evaluated the association of interest using
2 methodologies: fixed-effects logistic regression and generalized
estimating equations (GEEs). Potential confounders were included
in both approaches.

Results: At baseline, median intake of SSBs was 472.1 mL/wk (IQR:
198.8-1416.4 mL/wk), and 233 participants had hyperuricemia.
Uric acid was higher in participants with an SSB intake >7
servings/wk, compared with those with an intake <1 serving/wk
(P < 0.001). Participants who changed from the lowest to the highest
category of servings consumption experienced 2.6 increased odds of
hyperuricemia (95% CI: 1.27, 5.26). Results from the GEE model
indicated the odds of hyperuricemia increased by 44% (OR=1.44;
95% CI: 1.13, 1.84) in the 2-6 servings/wk group, and by 89%
(OR=1.89; 95% CI: 1.39, 2.57) in the >7 servings/wk categories,
compared with the <1 serving/wk category. Diet soft drinks were
not associated with hyperuricemia.

Conclusions: Our results suggest that the consumption of SSBs is
associated with an increased risk of hyperuricemia in Mexican adults,
but diet soft drink consumption is not, which supports the need to
strengthen existing recommendations to reduce the intake of SSBs.
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The Health Workers Cohort Study (HWCS) has been approved by the
Institutional Review Board of the Mexican Social Security Institute
(12CEI 09 006 14), and the National Institute of Public Health of
Mexico (13CEI 17 007 36).  Am J Clin Nutr 2020;112:652-660.
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Introduction

Hyperuricemia, characterized by the elevation of plasma uric
acid concentration, has been considered as the major etiologic
factor of gout and inflammatory arthritis (1-3). Moreover,
recent epidemiological evidence has shown a positive association
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between hyperuricemia and cardiometabolic disorders, such as
cardiovascular disease, type 2 diabetes, and chronic kidney
disease (4-8), clinical disorders that have become a global
epidemic. Hyperuricemia prevalence has increased markedly
worldwide over recent years (9). In Mexico, it is estimated that
20% of adults from urban areas have hyperuricemia (10, 11). It
is well known that a diet with a high content of meat, seafood,
and alcohol is associated with a greater risk of hyperuricemia
(1, 12). More recently, the consumption of sugar-sweetened
beverages (SSBs) has emerged as a factor associated with
hyperuricemia (1, 10, 11, 13). The major plausible mechanism to
explain this association implicates the large amounts of fructose-
containing sugars present in these beverages (14, 15). There is
strong evidence that fructose contributes significantly to uric
acid production through hepatic degradation of ATP, leading to
an accumulation of AMP, which in turn serves as a substrate
for uric acid synthesis (15). High consumption of SSBs has
been associated with hyperuricemia in cross-sectional studies.
However, there is a dearth of robust longitudinal studies focused
on examining the association between soft drink consumption
and the risk of hyperuricemia (1, 10, 11, 13, 16).

Although fructose is present in many food sources, such as
fruits, the largest amounts of fructose are found in SSBs, either as
high-fructose corn syrup (HFCS)—a potent sweetener substitute
for cane sugar—or as a mix with other simple sugars (17). Mexico
has one of the highest rates of SSB consumption in the world
(18). According to the National Health and Nutrition Survey
(2012), the consumption of SSBs contributes 9.8% of the total
caloric intake; in contrast, fructose consumption from natural
sources contributes little to the total energy intake (19). Taking
advantage of the large variability in SSB consumption in Mexico,
we aimed to estimate the longitudinal association between SSB
consumption and hyperuricemia in Mexican adults participating
in a prospective cohort study with a follow-up from 2004 to 2018.

Methods

Study population

Longitudinal data were obtained from the Health Workers Co-
hort Study (HWCS) participants, a dynamic prospective cohort
study conducted in Central Mexico. Participants are mostly health
care workers from the Mexican Social Security Institute and their
families, in Cuernavaca, Morelos. Baseline measurements were
conducted in 2004, when all participants were asked to complete
an extensive self-administered questionnaire at home and visited
a research center for physical examination and a fasting blood
sample collection, after providing informed consent. The 2010—
2012 and 2016-2018 assessments used similar self-administered
questionnaires and procedures. The goal of the HWCS is to
examine the effect of genetic and lifestyle factors on the
occurrence of different health outcomes of interest in the Mexican
population. Further details regarding the design and methods are
described in detail elsewhere (20).

Assessment of soft drink consumption and dietary
information

Dietary assessment was conducted using a validated semi-
quantitative and self-administrated FFQ of 116 foods during the

previous year (21). For each food, a commonly used portion
size was described (e.g., a slice of bread). The same instrument
was used to collect dietary information at each of the follow-up
assessments (20). From the FFQ we considered 3 types of SSBs:
1) cola-flavored soft drinks, 2) other flavors of soft drinks, and 3)
diet soft drinks (e.g., “low-calorie cola”), all with reference to a
portion size of ~355 mL (in Mexico a can, a medium-size bottle,
or a glass). Participants could choose between 10 answers (never,
less than 1 a month, 1-3 a month, once a week, 2—4 a week, 5—
6 a week, once a day, 2-3 a day, 4-5 a day, and 6 or more a
day). The consumption of energy derived from SSBs (kilocalories
per portion) and the overall consumption of food was obtained
from the Nutritional Habits Evaluation System and Nutriment
Consumption (22). For this study, we added up the individual
portions of SSBs (cola and flavored) to create a total amount
of SSBs consumed. Following Schulze et al. (23), we applied a
similar categorization of SSB consumption: /) <1 serving/wk; 2)
1 serving/wk; 3) 2—6 servings/wk; and 4) >7 servings/wk. In the
first category were included nonconsumers. Diet soft drinks were
evaluated in the same categories as for SSB consumption. Total
caloric intake, animal protein intake, and alcohol consumption
were also estimated using the FFQ. Supplement intake was not
assessed for this study.

Uric acid assessment

A venous blood sample was collected after 8 h of fasting.
Determination of serum concentrations of uric acid at each of
the follow-up assessments was performed with the enzymatic
colorimetric method using a SYNCHRON CX system from
Beckman Coulter (24). Hyperuricemia was defined as a serum
concentration of uric acid >7.0 mg/dL in men and >5.7 mg/dL
in women (1). The primary outcome variable for this study was
hyperuricemia. No secondary outcome variables were analyzed.

Anthropometric evaluation

Weight was obtained with a calibrated electronic scale (model
BC-533; Tanita). Measurements were taken with the subjects
wearing minimum clothing and no shoes. Height was obtained
using a conventional stadiometer (Seca 206), with subjects
standing up with their shoulders in a normal position, tracing
a horizontal plane perpendicular to the vertical scale, touching
the vertex of the head during inhalation. Waist circumference
(WC) was measured at the highest point of the iliac crest at the
end of a normal exhalation, with a 0.1 cm precision, using a
conventional tape (Seca) (25). The presence of abdominal obesity
was defined by a WC >102 cm for men and >88 cm for women
(26). BMI (in kg/m?) was classified as normal (<25), overweight
(=25 to <30), or obese (>30). The proportion of body fat
was determined by DXA, using a densitometer (model DPX-
GE 73,735, series: 638405U77; GE Healthcare Lunar; software
version 1.35, quick scanning mode) in fasting conditions (27).
We considered proportion of body fat as an indicator of adiposity
(28) along with BMI and WC. All measurements were taken by
trained personnel using standardized procedures (20).

Other covariates

Demographic characteristics were collected with a self-
administered questionnaire. Physical activity was evaluated
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through the International Physical Activity Questionnaire, trans-
lated and validated in Spanish (29). Participants reported the time
they dedicated to leisure time physical activity, such as walking,
running, or riding a bicycle, during a typical week of the previous
year. The physical activity variable was categorized as inactive
(<30 min/d) or active (>30 min/d), based on previous studies
(29, 30).

Ethics

The study was planned and conducted according to the
Helsinki Declaration guidelines. The study protocol, question-
naires, procedures, and informed consent forms were approved
by the Institutional Review Board of the Mexican Social Security
Institute (12CEI 09 006 14), and the National Institute of Public
Health of Mexico (13CEI 17 007 36). Written informed consent
was obtained from all study participants.

Statistical analysis

The enrollment visit was used as the study baseline (ei-
ther 2004-2006 or 2010-2012). For the descriptive analysis,
central tendency and dispersion measurements of the baseline
characteristics were calculated according to SSB consumption
categories. Tests of equality of means were performed using the
F statistic from ANOVA, and tests of equality of distributions of
categorical variables were performed with the chi-square statistic.
For continuous variables that showed significant skewness, the
Kruskal-Wallis test was used.

A fixed-effects logistic regression model (31) was fitted to
the data to estimate the within-subject association between
SSB consumption categories (main predictor) and hyperuricemia
(outcome). Fixed-effects models enable estimation of longi-
tudinal associations statistically isolated from time-invariant
confounders with time-invariant effects (32), allowing adjust-
ment for these potential sources of bias. The first model was
unadjusted. In the second model, we adjusted for time-varying
potential confounders such as age (continuous), smoking status
(ex-smoker, current smoker, and nonsmoker), physical activity
(inactive <30 min/d, active >30 min/d), and dietary intake of
meat (portions per day), seafood (portions per day), and alcohol
(grams per day).

Additionally, a generalized estimating equations (GEE) model
(33) was fitted using the same covariates as for the fixed-
effects logistic regression but adding an indicator variable for
sex. We specified a binomial family for the outcome, a logit
link between the predictor and the risk of hyperuricemia, and
an unstructured covariance (a specific correlation parameter
for each pair of measurements). In contrast to the fixed-
effects regression, estimates from the GEE models reflect both
between- and within-sources of variation, and covariates that
exclusively show between-subject variation (e.g., sex) can be
included in the predictor. Although fixed-effects regression
focuses only on within-subject variation and therefore reflects
exclusively longitudinal associations, the SEs tend to be
higher than approaches that incorporate both between- and
within-subject variation. However, GEE coefficient estimators
tend to show higher precision, but associations that reflect both
between-subject and within-subject variations. The association
between SSB consumption and hyperuricemia was expressed

Meneses-Le6n et al.

as ORs between categories of SSB consumption; odds for all
pairwise comparisons for consumption increases were obtained
from the model by exponentiating the proper linear combination
of coefficients. We fitted both GEE and fixed-effects logistic
regression models with and without adjustment covariates.

Given the potential role of the measures of adiposity as
mediators between SSBs and hyperuricemia, we fitted models
with and without each adiposity indicator: BMI, WC, and
proportion of body fat. Models that included these indicators
of adiposity show the relation from SSB consumption to
hyperuricemia that does not pass through these mediators.
However, in models that do not include these indicators of
adiposity, their potential mediator effect is absorbed into the
estimated parameters of the relation from SSB consumption to
hyperuricemia.

The association between diet soft drink consumption and
hyperuricemia was also evaluated, using the same 2 statistical
methods as above, and adjusting for the same covariates used
in the SSB analysis. All analyses were performed using Stata
version 14.1 (Stata Corp LLC).

Results

During the first assessment from 2004 to 2006, 1838 men and
women between the ages of 18 and 85 y agreed to participate.
From 2010 to 2012, 162 new participants aged 19 to 78 y
were enrolled. During the 2016-2018 assessment, a total of 481
participants returned. Follow-up assessments were conducted
approximately every 6 y. A total of 700 participants were
excluded: pregnant women (n = 32), participants with a gout
diagnosis (n = 14), with kidney disease (n = 17), taking
medication for uric acid control (n = 17), with missing uric
acid values (n = 84), who responded to <75% of the dietary
questions or skipped complete sections of the FFQ (n = 103),
who exceeded +3.86 SDs in caloric intake values (n = 39) (34),
and participants with incomplete SSB consumption information
(n = 2) or incomplete information in covariates (n = 392). A
total of 1300 participants with complete information and >2
measurements were included in this longitudinal analysis, and
of these participants, 879 had 2 assessments and 421 had 3
(Figure 1). Average time between first and second measurement
was 6.9y, and between second and third measurement was 5.6 y.

At baseline, the mean age was 45.8 & 12.9 y, and 75.2%
were female. The prevalence of overweight and obesity was
60.6%. The average concentration of uric acid was 4.9 + 1.5
mg/dL. The average energy intake from SSBs was 64.8 & 92.0
kcal/d. Participants with the highest consumption of SSBs
(=7 servings/wk) were younger, and were more frequently
smokers, compared with those with a lower SSB consumption.
Uric acid concentration and the prevalence of hyperuricemia were
higher in participants with higher consumption of SSBs. The
total caloric intake of meat and alcohol was higher in participants
who consumed >7 servings/wk, compared with participants who
consumed <1 serving/wk (Table 1). At the first, second, and
third measurement, 18.0%, 22.5%, and 30.7% of subjects had
hyperuricemia, respectively.

There was a total of 309 subjects with variation of their
hyperuricemia status across their measurements. These subjects
changed SSB consumption categories as follows: 112 changes
between <1/wk and 1/wk (in either direction); 33 changes
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medications (n = 15), incomplete uric acid results (n = 75),
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v
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values + 3.86 SD with respect to the mean (n = 21),
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for analysis (879 with
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FIGURE 1 Flow chart of the Health Workers Cohort Study participants. ' Model covariates included sugar-sweetened beverage consumption, age, smoking
status, physical activity, meat intake, seafood intake, alcohol intake, sex, and BMI. 2There were <3 measurements in the study; the first was taken between
2004 and 2006, the second between 2010 and 2013, and the third between 2016 and 2018. Dx: diagnosis.

between <1/wk and 2-6/wk; 17 changes between <1/wk and
>7/wk; 89 changes between 1/wk and 2-6/wk; 22 changes
between 1/wk and >7/wk; and 53 changes between 2—6/wk and
>7/wk. The number of changes does not match the number of
subjects because some subjects contributed two or three changes
between different consumption categories and others did not
change between consumption categories.

Results from the fixed-effects logistic regression showed
increased odds of hyperuricemia when changing from any of
the lower SSB consumption categories to the highest soft drinks
consumption category. For example, the odds of hyperuricemia
increased 2.6-fold (OR = 2.58; 95% CI:. 1.27, 2.56) when
changing from the <1 serving/wk category to the >7 servings/wk
category (Figure 2, Table 2—Model 2), or reciprocally, a 61%
reduction (OR = 1/2.58 = 0.39; 95% CI: 0.19, 0.79) in the
odds of hyperuricemia when changing from the highest to the
lowest SSB consumption categories. There were no statistically
significant differences between the remaining categories of
SSB consumption. In contrast, changes between diet soft drink
consumption categories were not associated with hyperuricemia
[e.g., OR = 1.55 (95% CI: 0.32, 7.41) when changing from
the <1 serving/wk category to the >7 servings/wk category;
Table 3]. The GEE model showed results in the same direction
as the fixed-effects analysis for SSBs. Compared with the
<1 serving/wk category, the odds of hyperuricemia were 44%
(OR = 1.44;95% CI: 1.13, 1.84) higher for the 2—-6 servings/wk
category and 89% higher for the >7 servings/wk category
(OR = 1.89; 95% CI: 1.39, 2.57) (Table 2—Model 5). However,
diet soft drinks were not associated with hyperuricemia in the
GEE model. The OR for the diet soft drink consumption category

>7 serving/d was 1.14 (95% CI: 0.67, 1.93), compared with the
<1 serving/wk category (Table 3).

Results from adjusting covariates in the fixed-effects logistic
regression indicated the presence of suppression in some of the
coefficients. When adjustment covariates were not included, the
difference in the odds of hyperuricemia between the highest
and the lowest SSB consumption categories was no longer
significant (Table 2—Model 1). However, coefficients of SSB
consumption categories from the GEE model with and without
adjustment covariates were similar and statistical significance
was maintained (Table 2—Models 4 to 6).

The association between SSB consumption and hyperuricemia
was similar to the other models when BMI was added as a
covariate (Table 2—Models 3 and 6). Additionally, BMI was
related to an increased odds of hyperuricemia in both the
fixed-effects logistic regression (OR = 1.24; 95% CI: 1.13,
1.37) and the GEE model (OR = 1.12; 95% CI: 1.09, 1.14).
However, diet soft drink consumption remained nonsignificantly
associated with hyperuricemia when BMI was added as a
covariate (Table 3—Models 3 and 6). Results from models with
either WC or proportion of body fat added as covariates showed
results in the same direction as those with BMI included as a
covariate (see Supplemental Tables 1 and 2).

Discussion

The results of this prospective study indicate that increases
in SSB consumption were associated with a greater risk of
hyperuricemia. This risk of hyperuricemia was 89% higher in
participants who consumed >7 servings/wk, compared with
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TABLE 1 Baseline characteristics and frequency of SSB consumption of participants from the Health Workers Cohort Study, 2004-2018'

SSB consumption (servings/wk)

Variable Total <l1/wk 1/wk 2-6/wk >T/wk
n 1300 339 456 340 165
SSBs, mL/wk 472.1[198.8-1416.4]  79.5[39.8-79.5]  397.6 [238.6-546.7] 1416.4 [1267.3-2137.1] 3056.5 [2683.8-4970]
Age,y 458 + 129 48.7 £ 12.9 45.0 £ 12.7 455 £ 133 428 +£ 114
Female 978 (75.2) 293 (86.4) 366 (80.3) 222 (65.3) 97 (58.8)
Education level
Elemental 321 (24.7) 86 (25.4) 103 (22.6) 90 (26.5) 42 (25.5)
Middle school 228 (17.5) 35(10.3) 89 (19.5) 63 (18.5) 41 (24.8)
High school or higher 751 (57.8) 218 (64.3) 264 (57.9) 187 (55.0) 82 (49.7)
BMI, kg/m? 264 £ 4.2 26.1 £ 43 265 £ 4.1 26.7 £ 43 264 £ 4.0
Overweight? 555 (42.7) 134 (39.5) 201 (44.2) 141 (41.5) 79 (47.9)
Obese? 233 (17.9) 53 (15.6) 83 (18.2) 70 (20.6) 27 (16.4)
WC, cm 90.5 £ 11.7 89.3 + 124 90.7 £ 11.6 919 £ 11.3 89.8 + 10.9
Central obesity* 573 (44.3) 144 (42.6) 217 (47.6) 158 (46.7) 54 (33.1)
Body fat,> % 38.8 £ 8.3 403 £ 7.7 40.3 £ 8.0 39.1 + 8.7 385 £ 9.2
Physical activity, min/d 245 £ 293 24.8 £ 30.6 234 + 262 259 + 314 244 + 304
Active® 454 (35.0) 123 (36.3) 154 (33.9) 121 (35.6) 56 (34.1)
Smoking status
Active smoker 213 (16.6) 33(9.9) 58 (12.9) 75 (22.3) 47 (28.8)
Ex-smoker 331(25.8) 82(24.5) 120 (26.7) 83 (24.7) 46 (28.2)
Uric acid, mg/dL 49 £ 15 45+ 13 48 £ 13 53+ 1.7 54+ 15
Hyperuricemia’ 233 (17.9) 44 (13.0) 72 (15.8) 74 (21.8) 43 (26.1)
Dietary variables
Caloric intake from SSBs, kcal/d 64.8 £ 92.0 37 £3.0 25.0 £ 9.2 91.2 £ 25.6 246.1 £ 137.0
Energy percentage for SSBs 3.1 £ 4.1 02 4+ 02 1.4 £ 0.7 4.7 £20 10.7 £ 5.9
Caloric intake from diet soft 0.5 £+ 2.1 0.7 £25 03 £ 2.0 04 £ 15 0.6 +£ 2.0
drinks, kcal/d
Total caloric intake, kcal/d 2145 + 877 2031 + 863 2111 + 923 2141 £+ 752 2480 + 939
Carbohydrates, % of total energy 61.0 + 8.6 62.1 £ 9.7 60.9 + 7.8 60.1 = 8.4 613 + 8.4
Fat, % of total energy 20.0 £ 53 193 £ 5.7 20.7 £ 5.7 20.0 £ 45 19.5 £ 43
Total meat intake,8 portions/d 1.2 £ 0.9 1.0 £ 0.8 1.1 £ 0.8 1.3 £ 0.7 1.6 £ 1.3
Total seafood intake,® portions/d 02 +03 03 £ 05 02 £ 0.2 02 £ 0.2 02 +03
Alcohol intake, g/d 1.0 [0.2-3.9] 0.6 [0.0-1.8] 1.0[0.2-3.2] 1.6 [0.2-6.3] 1.6 [0.2-4.9]

!'Values are mean + SD or median [IQR] for continuous type variables, and 1 (%) for categorical variables. SSB, sugar-sweetened beverage; WC, waist

circumference.
2Defined as BMI <25 to <30 kg/mz.
3Defined as BMI >30 kg/m?.
4Defined as WC >102 cm in men and >88 c¢m in women.
SPercentage of body fat obtained by DXA.
SLeisure time physical activity >30 min/d.

"Hyperuricemia: plasma uric acid >5.7 mg/dL for women and >7.0 mg/dL for men.
8Total 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.
9Seafood intake included tuna, sardines, and other seafood.

those consuming <1 SSBs/wk. This finding was robust to
model specification; a fixed-effects model rendered a 2.6 OR of
hyperuricemia comparing groups with the highest and the lowest
consumption. This association was independent of potential
confounding variables and showed similar results when the
indicators of adiposity were added as covariates in separated
models. This suggests that our association holds even when
the path from SSB consumption to hyperuricemia that passes
through each of these adiposity indicators is statistically isolated.
Our findings support the hypothesis that consumption of SSBs
is positively associated with higher concentrations of uric
acid. Conversely, we did not observe an association between
consumption of diet soft drinks and risk of hyperuricemia,
which can be related to the type of added sugar used in these

beverages (35, 36). Unlike diet soft drinks that use artificial
sweeteners, SSBs are sweetened with sucrose and HFCS, which
contain fructose (14, 35). Fructose enhances the production of
uric acid through hepatic degradation of ATP, leading to an
accumulation of AMP, a substrate for the production of uric acid
(15).

As far as we know, prospective studies evaluating the associ-
ation between SSB consumption and hyperuricemia are scarce
(14). A previous study by Bomback et al. (13), conducted over
a 3-y follow-up period, did not show any significant association
between SSBs or diet soft drinks and risk of hyperuricemia. The
ORs for SSBs and diet soft drinks they reported were 1.17 (95%
CI: 0.95, 1.43) and 0.97 (95% CI: 0.83, 1.14), respectively. Yet,
the direction of the association estimated was similar to ours
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FIGURE 2 Odds of hyperuricemia and change of category of sugar-sweetened beverage consumption over a period from 6 to 12 y. Obtained from a
fixed-effects logistic regression including changes in age, smoking status, physical activity, intake of protein from animal origin, intake of shellfish, and intake
of alcohol as covariates. Analysis sample comprised a total of 309 subjects (146 with 2 measurements and 163 with 3 measurements) that showed variation in
hyperuricemia status across repeated measurements. Errors bars represent 95% Cls.

for the SSBs and hyperuricemia. It is possible that variation
in the ages of our participants and those of the Bomback et
al. study (13), which were older than ours, affects the level of
beverage consumption resulting in differences in the findings.
It has been shown that SSB consumption decreases at older
ages (1, 10, 11). Although there is a lack of epidemiological
studies exploring the effect of SSB consumption on uric acid
concentrations, we identified 2 US studies that evaluated the
consumption of SSBs and gout. The first was carried out in men
from the Health Professionals Study and the second examined
women who participated in the Nurses’ Health Study. Both

studies reported that the risk of gout increased significantly as
consumption of SSBs increased (RR = 1.85; 95% CI: 1.08,
3.16; P-trend = 0.002; and RR = 2.39; 95% CI: 1.34, 4.26;
P-trend < 0.001, respectively). In contrast, diet soft drinks were
not associated with hyperuricemia (37, 38). Thus, our findings
suggest a missing link between the consumption of SSBs and
gout, by indicating the potential association between SSB intake
and hyperuricemia.

Our results are of particular importance to the Mexican
population, because hyperuricemia is a risk factor for other
metabolic disorders that are contributing to a significant public

TABLE 2 Fixed-effects logistic regression and generalized estimating equations (GEE) model for the relation between SSB consumption and probability of

1

hyperuricemia
Fixed-effects logistic regression? GEE?
Subjects 309 1300
Observations 781 3021
OR (95% CI) OR (95% CI)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

SSB, 355-mL portions

<1/wk 1 ref.* 1 ref. 1 ref. 1 ref. 1 ref. 1 ref.

1/wk 0.83 (0.54, 1.28) 1.09 (0.69, 1.74) 1.03 (0.64, 1.66) 1.11 (0.89, 1.38) 1.09 (0.87, 1.36) 1.01 (0.80, 1.26)

2-6/wk 0.98 (0.58, 1.66) 1.43 (0.80, 2.54) 1.32 (0.73, 2.39) 1.50 (1.18, 1.91) 1.44 (1.13, 1.84) 1.34(1.04, 1.72)

>T7/wk 1.54 (0.81, 2.96) 2.58 (1.27,5.26) 2.60 (1.25,5.42) 2.00 (1.48, 2.69) 1.89 (1.39, 2.57) 1.77 (1.29, 2.43)

'SSB, sugar-sweetened beverage.

2Fixed-effects logistic regression is based on within-subject variations; subjects with no variation in the outcome variable across time are not included.
Model 1: without adjustment covariates. Model 2: adjusted for age, smoking status, physical activity, and dietary intake of meat, seafood, and alcohol. Model
3: includes adjustment covariates in Model 2 and BMI (kg/m?).

3Generalized estimating equations model. Specified with unstructured covariance, binomial distribution for the outcome and logit link. Model 4: without

adjustment covariates. Model 5: with adjustment covariates in Model 2 and sex. Model 6: with adjustment covariates in Model 3 and sex.

“ref: Reference category.
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TABLE 3 Fixed-effects logistic regression and generalized estimating equations (GEE) model for the relation between diet soft drinks consumption and

probability of hyperuricemia

1

Fixed-effects logistic regression’ GEE®
Subjects 309 1300
Observations 781 3021
OR (95% CI) OR (95% CI)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
SSB, 355-mL portions
<1/wk 1 ref.* 1 ref. 1 ref. 1 ref. 1 ref. 1 ref.

1/wk
2-6/wk
>7Iwk

0.68 (0.28, 1.66)
1.01 (0.49, 2.07)
1.89(0.42, 8.55)

0.74 (0.29, 1.89)
1.01 (0.48, 2.14)
1.55 (0.32, 7.41)

0.80 (0.30 2.16)
1.16 (0.53, 2.54)
1.42 (0.27, 7.43)

1.00 (0.63, 1.52)
1.01 (0.72, 1.60)
1.14 (0.68, 1.92)

1.02 (0.65, 1.60)
1.07 (0.72, 1.61)
1.14 (0.67, 1.93)

0.91 (0.57, 1.44)
1.07 (0.71, 1.60)
1.01 (0.58, 1.73)

ISSB, sugar-sweetened beverage.
2Fixed-effects logistic regression is based on within-subject variations; subjects with no variation in the outcome variable across time are not included.
Model 1: without adjustment covariates. Model 2: adjusted for age, smoking status, physical activity, and dietary intake of meat, seafood, and alcohol. Model

3: includes adjustment covariates in Model 2 and BMI (kg/m?).

3Generalized estimating equations model. Specified with unstructured covariance, binomial distribution for the outcome and logit link. Model 4: without
adjustment covariates. Model 5: with adjustment covariates in Model 2 and sex. Model 6: with adjustment covariates in Model 3 and sex.

“ref: Reference category.

health crisis due to the high rates of metabolic syndrome, high
blood pressure, kidney disease, type 2 diabetes, and cardiovas-
cular diseases in the country (3-8). The national prevalences
of metabolic syndrome, hypertension, and diabetes are 40%,
25.5%, and 9.4%, respectively (39, 40). Previous analyses of
the burden of disease generated by SSB consumption have
focused on obesity, diabetes, cardiovascular disease, and obesity-
related cancers (41-43). However, if the association between
hyperuricemia and the consumption of SSBs is confirmed, gout
and other related diseases could be added to the increasing
health and economic toll caused by the excessive consumption of
SSBs.

To our knowledge, no previous study has analyzed the risk of
developing hyperuricemia using a fixed-effects approach. Fixed-
effects models isolate within-person changes in exposure and
outcome, to provide a risk estimate that is free of observed and
unobserved time-invariant confounders, which are assumed to be
related to the outcome in the same manner at any given time
point (e.g., sex or race). Even though the time interval between
assessments is long (~6 y between each visit), we were able to
detect an increased odds of hyperuricemia when changing from
any of the lower SSB consumption categories to the highest con-
sumption category based exclusively on within-subject variation.
The GEE approach (31-33), which incorporates both within- and
between-subject variation, showed results in the same direction as
the fixed-effects logistic regression but with lower SEs. The fact
that we obtained consistent results when using these 2 approaches
strengthens our findings regarding the association between SSB
consumption and hyperuricemia.

Our study has several strengths and some limitations. Diet
was evaluated by a self-reported semiquantitative FFQ. However,
the questionnaire has been validated in the Mexican population
(22), and any misclassification would probably predispose the
results to nullity. One limitation of our study regards SSB intake
measurement: subjects were asked to report the consumption
frequency of crude SSB portions (i.e., a can, a medium-size
bottle, or a glass). It would be helpful to include more accurate
measurements of consumption in future work and test its validity.
We did not consider statins and metformin as drugs affecting

the serum uric acid concentrations but excluded subjects who
reported taking allopurinol and diuretics. Despite the importance
of hyperuricemia as a risk factor for various metabolic disorders,
there is no consensus on the cutoff point for hyperuricemia
(11). Many studies (1, 10, 13) define hyperuricemia with
concentrations >5.7 mg/dL in women. This could be the best
cutoff point to prevent specific chronic diseases associated with
hyperuricemia. An additional limitation is the relatively small
sample size of the third assessment (n = 421), because not
all participants were followed up. Furthermore, the HWCS is
not representative of the Mexican population as a whole but
could represent adults residing in urban areas in the center
of the country (20). Most of the study participants were
health workers, who are probably healthier, and have a higher
socioeconomic status and educational level than the general
population. However, if these conditions do not modify the effect
of SSBs on hyperuricemia, our results could be applicable to the
general population. To our knowledge, our longitudinal study is
the first to confirm the association between the consumption of
SSBs and hyperuricemia in a sample of Mexican adults. The
present study did not analyze the association between sources
of natural fructose and the outcome of interest given limitations
in the FFQ used to isolate natural fructose from other sources
in some food items. Future studies are necessary to study this
issue. The longitudinal nature of our data allows us to infer
with more certainty the relation between SSB consumption and
hyperuricemia. Randomized intervention studies could help to
confirm this association.

In conclusion, our study adds new evidence regarding the
potential role of SSB consumption in the development of
hyperuricemia, which leads to the possibility of additional
metabolic effects of SSBs. In contrast, diet soft drinks were not
associated with hyperuricemia. Although our findings need to be
confirmed, they provide a clear indication of another negative
metabolic impact of SSBs and reinforce the international call to
reduce their consumption.

We thank Ramon A Durazo-Arvizu (Loyola University Chicago) and
Delfino Vargas-Chanes (Universidad Nacional Auténoma de México) for
comments on the statistical analyses.
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