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Abstract: Objective — Analyzing gender-related specificities of hyperuricemia associations with lifestyle choices in the Russian Federation
(RF) population.

Material and Methods — Cross-sectional survey was performed within the guidelines of the Russian national multicenter study ESSE-RF.
The final sample size was 20781 people 25-64 years old. The effect of age, body mass index (BMI), diet, smoking status, and alcohol
consumption on the incidence of hyperuricemia was evaluated. The analysis was carried out separately for men and women, using logistic
regression. To build a model for predicting hyperuricemia, classification trees were used.

Results — Multidirectional associations of hyperuricemia were revealed both in women (with BMI, age, ‘Smart’ dietary pattern, alcohol
consumption) and in men (with BMI, ‘smart’ dietary pattern, alcohol consumption, smoking status). The predictive accuracy of
hyperuricemia incidence models was 60.4% in women vs. 65.7% in men. In both gender groups, BMI had the highest contribution to
predicting the hyperuricemia incidence, while the next predictors, in terms of significance, differed among men and women. In women, the
greatest impact, in decreasing order, was exerted by age, dietary patterns and drinking, whereas in men, by smoking status, dietary
patterns and drinking.

Conclusion — In the RF population, there are multiple gender-specific associations of hyperuricemia with lifestyle choices, particularly
nutrition, smoking and alcohol consumption.
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Introduction Most genes associated with gout or uric acid levels in blood

Hyperuricemia is a disorder of purine metabolism. It is serum are involved in the renal-uric transport system [9]. For

considered a risk factor for a number of chronic diseases (diabetes
mellitus, metabolic syndrome, cardiovascular diseases) rather than
gout alone [1-3]. Data from the National Health and Nutrition
Examination Survey (NHANES) in the United States showed that
average uric acid levels and hyperuricemia prevalence between
2007 and 2016 were somewhat stabilized [4]. On the other hand,
in some countries, there was an increase in hyperuricemia
prevalence [5, 6]: for example, in Ireland, from 2006 to 2014, its
occurrence grew from 19.7% to 25.0% in men and from 20.5% to
24.1% in women [7]. The upward trend in hyperuricemia
prevalence is linked to growing incidence of obesity and metabolic
syndrome, sedentary lifestyle, ‘western type’ diet, along with use
of pharmaceutical drugs increasing uric acid levels (such as
diuretics) [8].

example, the urate transporter genes SLC2A9, ABCG2, and
SLC22A12 modulate serum uric acid levels and the risk of gout. The
net balance between absorption and secretion of renal urate is the
main factor defining uric acid concentration in serum and loss of
function mutations in SLC2A9 and SLC22A12, which cause
hereditary hypouricemia based on decrease in urate absorption
and urate secretion without response. At the same time,
hyperuricemia is perceived as a multifactorial chronic disease that
can be associated with multiple lifestyle factors, including alcohol
consumption, smoking, physical activity, and nutrition. Besides,
numerous studies demonstrated the age- and gender-dependent
interaction of lifestyle factors [10-12].

According to the multicenter research project ESSE-RF in 2013-
2014, hyperuricemia prevalence in Russia reached 16.8% (25.3% in
men and 11.3% in women) [13]. The study confirmed a number of
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associations of hyperuricemia prevalence with gender, age, and
some lifestyle characteristics. However, interaction of lifestyle
factors in men and women, as well as their relative contribution
into the likelihood of hyperuricemia, remains unexplored.

The objective of our study was analyzing gender-related
specificities of hyperuricemia associations with lifestyle choices in
the Russian Federation (RF) population.

Materials and Methods
General features of the sample

The total number of examined people from 13 RF regions
participating in 2013-2014 in a multicenter epidemiological study,
“Epidemiology of Cardiovascular Diseases in the Regions of the
Russian Federation” (ESSE-RF), was 21923, ranging 25-64 YO. To
form a sample, the study used the Kish Selection Method, which
provided for a systematic, multi-stage, random patient selection
on the basis of medical institutions in accordance with territorial
principle. The regions included in the ESSE-RF study were similar in
their socio-demographic characteristics to the RF as a whole,
which allowed extrapolating the results to overall RF population.
More detailed information on sample selection and research
protocol of the ESSE-RF was published earlier [14].

The study was conducted in accordance with the standards of
good clinical practice and Declaration of Helsinki principles. The
research protocols were approved by the Ethics Committee of the
Federal State Budgetary Institution (FSBI) National Medical
Research Center (NMRC) for Preventive Medicine of the RF
Ministry of Healthcare, FSBI NMRC of Cardiology of the RF Ministry
of Healthcare, FSBI Almazov NMRC, as well as by collaborating
centers in the regions, where the study was carried out. Prior to
inclusion into the study, all participants signed written informed
consent. The response to the survey was about 80%.

Missing data

Of the total participant pool, some essential data were missing
for 4753 people (21.7%). The largest number of omissions was
recorded for dietary preferences (2356 observations, or 10.7% of
the sample) and alcohol consumption (2522 observations, or
11.5%). For marital status, education level, income, weight and
height indicators, smoking, and uric acid levels, the amount of
missing data ranged from 23 to 769 observations (0.1%-3.5% of
the sample). The largest proportion of missing data was detected
among rural dwellers, men, people 35 YO and older, as well as in a
number of regions (Table 1).

Partial restoration (imputation) of missing data was carried out
using the k-nearest neighbors algorithm. Data imputation was
conducted according to the input parameters: region, urban/rural
settlement, gender, age. For covariates of marital status,
education, and income level, an imputation was performed for all
missing values. For the studied predictors (dietary pattern, alcohol
consumption, and smoking) and response (hyperuricemia), the
imputation was carried out for those cases, where just one
parameter was missed. Thus, the data were recovered for a total
of 3611 cases. Hence, 1142 cases (5.2%) remained with missing
data, while the final sample size for the participants with complete
data (initial or restored) amounted to 20781 individuals.

Table 1. Missing values depending on major demographic traits.

Missing values

Characteristic/Trait Nombar 5 P-values

Settlement Urban 3795 21.4
type Rural 958 22.8 0.041

Women 2782 20.5

Gender Men 1971 3.5 <0.00001
25-34 912 19.9
35-44 981 22.4

Age, YO 45-54 1355 22.1 0.015

55-64 1505 22.0
Volgograd 596 40.5
Vologda 239 14.8
Voronezh 191 12.0
Ivanovo 310 16.6
Kemerovo 165 10.2
Samara 144 9.1

Region St. Petersburg 430 27.1 <0.00001
Orenburg 333 21.1
Tomsk 284 17.7
Tyumen 372 22.7
Vladikavkaz 938 43.7
Krasnoyarsk 188 12.4
Vladivostok 563 26.7

Socio-economic characteristics and smoking

As for marital status, we distinguished two categories: ‘family’
group, which included living together in a married or committed
relationship, and the ‘no family’ group with single, divorced, or
separated people, along with widows or widowers.

By education level, there were groups of study participants
with or without completed higher education.

Affluence was assessed indirectly on the basis of three issues,
characterizing the share of income spent on food, the
respondents' opinion on financial capabilities of the family, and on
their security in comparison with other families. Each question had
five answer options ranging from 1-5 points. By the sum of points,
tertiles were calculated, in accordance with the values of which all
respondents were grouped into three categories: ‘low income’ —
from 3-7.2 points, ‘medium income’ — from 8-10.3 points, and
‘high income’ — from 11-15 points.

By smoking status, three groups were identified: ‘smokers’
(smoking one or more cigarettes per day), ‘quitters’ (those who
quit smoking) and ‘non-smokers’ (who never did).

Nutrition rating

Nutrition assessment was carried out via empirical models,
allowing comprehensive analysis of the diet in respondents
according to actual frequency of consumption of various food
groups [15, 16]. The frequency of a food group consumption was
estimated using the following categories of the questionnaire
data: “I do not, or rarely, consume”, “1-2 times a month”, “1-2
times a week”, “(almost) daily”. Of the 13 evaluated food groups, 4
characterize dairy products: ‘milk, kefir, yogurt’, ‘sour cream,
cream’, ‘cottage cheese’, ‘cheese’. In the initial statistical analysis,
the frequencies of consumption of these products highly
correlated. Besides, application of the principle component
analysis (PCA) suggested that they should be combined into a
single stable group. In order to combine these four food products
into a single enlarged group ‘dairy products’, a factor analysis
procedure (principal component method) was performed,
resulting in identification of the latent factor and in subsequent
assessment of individual predisposition of each participant to this
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factor. To bring the gradation scale of consumption frequency of
dairy products to uniformity with other food groups, quantitative
predisposition values were translated into four subjective
categories: for values up to — 1.000 — “I do not, or rarely,
consume”, from — 1.000 to 0.000 — “1-2 times a month”, from
0.000 to 1.000 — “1-2 times a week”, from 1.000 and above —
“(almost) daily”.

The final nutritional analysis included 10 food groups. To apply
PCA, consumption frequencies for all food groups were
interpreted in terms of subjectively chosen quantitative points: “I
do not, or rarely, consume” — 1 point, “1-2 times a month” — 2
points, “1-2 times a week” — 3 points, “(almost) daily” — 4 points. In
the course of determining the optimal number of diets, factors
with eigenvalues >1.0 were considered, followed by a cut-off
estimation by Cattell’s scree plot. To simplify the structure of
factors and improve their interpretability, the selected factors
were subjected to orthogonal varimax rotation. Dietary patterns
(DP) were described on the basis of food products with the highest
absolute loading values for each factor. It should be noted that
foods with a positive loading values were characteristic of the diet,
while foods with a negative loading values were negatively related
to the diet. Factor loading of |20.4| for food products was
considered making a significant contribution to the structure of
the factor. A total of four DPs were specified: ‘smart’ (dairy
products, sweets and pastries, fruits and vegetables, cereals and
pasta), ‘salty’ (Sausages, frankfurters, offal, pickled and marinated
foods), ‘meat’ (red meat, fish and seafood, poultry), ‘mixed’
(legumes, pickled and marinated foods, fish and seafood). The
selected DPs and the factor loadings of food groups are presented
in Table 2. The designation of dietary choices was based on
interpretation of food products for each factor. According to their
individual predisposition to each DP, the study participants were
divided into quartiles, with the 1st quartile characterized by low
adherence to the diet, and the 4th quartile characterized by high
adherence.

Estimated alcohol consumption

Alcohol consumption was estimated during interviews using
questionnaires based on frequency, volume and type of alcoholic
beverages consumed. The volume of alcohol consumed per year
was calculated, followed by conversion into average daily values in
grams of ethanol. When computing the consumption volumes of
various alcoholic beverages, we assumed the following ethanol
content per 1 ml: beer —0.04 g, dry wine and champagne — 0.0927
g, fortified wine and port — 0.1227 g, homemade tinctures —
0.3227 g, strong alcohol (vodka, cognac, whiskey, etc.) — 0.3227 g.
A group of people who did not drink alcohol at all stood out.

Table 2. Factor loadings of major identified nutritional patterns

Among alcohol drinkers, the values of the 25" and 75™ percentiles
were calculated, according to which the grouping was conducted
on light (below 0.62 g of ethanol per day), moderate (0.62-5.74 g),
and excessive consumption (5.75 g and above).

Anthropometric and biochemical studies

Height and weight were measured by conventional methods.
Body mass index (BMI) was calculated using Quetelet formula:
weight (kg)/[height xheight (m?)]. Grouping by BMI value range:
normal BMI — below 25.0 kg/mz, increased BMI — 25.0-29.9 kg/mz,
obesity — 30.0 kg/m? and higher.

Fasting blood from the ulnar vein was used to determine the
uric acid level. After centrifugation, the serum was frozen and
delivered to a federal center, where biochemical analyses were
performed. Uric acid was determined via uricase method on an
Architect 8000 biochemical analyzer (USA) by Abbott reagents.
Hyperuricemia was diagnosed at a uric acid level of over 400
pmol/L for men and above 360 umol/L for women.

Statistical Analysis Methods

Categorical data were presented in percent. Bilateral
associations of categorical variables were evaluated using the
Pearson’s Chi-squared test. A multivariate analysis of associations
of age and lifestyle choices with hyperuricemia was performed
using logistic regression adjusted for marital status, education
level, material wealth, region and type of residence (urban/rural),
as well as simultaneously adjusted for age and lifestyle
characteristics. Results were expressed as odds ratios (OR) and
95% confidence intervals (Cl). During the initial analysis, we
identified age-gender and lifestyle choices-gender interrelations,
and therefore, the final analysis of our data was conducted
separately for men and women.

To build a model for predicting hyperuricemia, split selection
method for classification trees was used: full enumeration of trees
with univariate splits, employing the C&RT-style exhaustive search
for univariate splits. As criteria for prediction accuracy, equal
misclassification cost of objects and equal prior probabilities,
proportional to the size of the classes of dependent variable, were
assigned. The stopping split was performed according to the FACT-
style direct stopping rule with a fraction of unclassified objects not
exceeding 0.1. Based on the analysis results, the rank importance
of independent predictors was evaluated, from 1 to 100, where 1
is low importance, and 100 stands for high importance. Based on
the number of correctly predicted cases of hyperuricemia
presence/absence, the sensitivity, specificity and general
predictive value of the models (accuracy) were calculated.

Food groups Smart Salty Meat Mixed
Meat (beef, pork, lamb, etc.) -0.054 0.232 0.645 -0.088
Fish and seafood 0.039 -0.125 0.644 0.436
Poultry (chicken, turkey, etc.) 0.135 0.091 0.643 -0.077
Sausages, frankfurters, offal (tongue, liver, heart, etc.) 0.042 0.754 0.141 -0.070
Pickled and marinated foods 0.001 0.609 0.083 0.472
Cereals, pasta 0.471 0.284 0.124 0.082
Fruits and vegetables 0.545 -0.287 0.364 0.071
Legumes (beans, lentils, peas, etc.) 0.105 0.035 -0.068 0.837
Sweets and pastries (candies, jams, cookies, etc.) 0.675 0.345 -0.059 -0.186
Dairy products (milk, kefir, yogurt, sour cream, cream, cottage cheese, cheese) 0.764 -0.229 -0.046 0.210
The proportion of explained variance, % 15.9 13.5 14.3 12.2

The factor loadings of food group consumption frequency exceeding 0.400 or under — 0.400 are given in bold.
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Table 3. General trends of hyperuricemia prevalence depending on
gender and basic social characteristics

Hyperuricemia

Traits/Characteristics Number % P-values
Women, 13006 1743 134
Gender Men, 7775 1595 205  <0-00001
Settlement Urban, 16822 2763 16.4
type Rural, 3959 575 14.5 0.0034
Marital No fémlly, 7289 1105 15.2 0.0092
status Family, 13492 2233 16.5
. Not higher, 11761 1947 16.5
Education Higher, 9020 1391 15.4 0.027
Low, 3462 532 15.4
Income Medium, 13590 2173 16.0 0.17
High, 3729 633 17.0
Volgograd, 1298 157 12.1
Vologda, 1599 261 16.3
Voronezh, 1533 287 18.7
lvanovo 1847 329 17.8
Kemerovo, 1571 213 13.6
Samara 1574 169 10.7
Region St. Petersburg, 1539 239 15.5 <0.00001
Orenburg, 1526 226 14.8
Tomsk, 1561 265 17.0
Tyumen, 1479 188 12.7
Vladikavkaz,1729 142 8.2
Krasnoyarsk, 1473 397 26.9
Vladivostok, 2052 465 22.7

All statistical analyzes were performed using Statistica
software, version 10.0 (StatSoft Inc., USA). A critical level of
statistical significance was 0.05.

Results

Hyperuricemia  prevalence by gender and social

characteristics

Table 3 presents the hyperuricemia prevalence in the overall
sample, depending on gender and social characteristics of the
study participants. Among men, hyperuricemia prevalence was
higher (20.5%) compared with women (13.4%), p<0.00001. In
addition, hyperuricemia was more common among urban
residents, families with no higher education, as well as in a
number of regions (in decreasing order: Krasnoyarsk Territory,
Primorsky Territory; Voronezh, lvanovo, Tomsk, Vologda Regions,
St. Petersburg). No statistically significant differences were found
in terms of income.

Associations of hyperuricemia with age and lifestyle choices

Tables 4 and 5 present unifactorial and multifactorial
associations of hyperuricemia in women and men. Univariate
analysis indicated the association of hyperuricemia with age, BMI,
‘smart’ DP, ‘meat’ DP, alcohol consumption, and smoking (men).
The covariate adjustment has partially changed the statistical
significance of the associations. In women, compared with the
youngest age, at the age of 35-44 yo, the probability of
hyperuricemia was lower (OR=0.78; 95% Cl: 0.69-0.88), while in
the older age group (55-64 yo) it was higher (OR=1.29; 95% Cl:
1.16-1.42). As for men, the associations with age were not
detected.

For obesity, the likelihood of hyperuricemia was higher in both
women (OR=2.29; 95% Cl: 2.12-2.48) and men (OR=2.12; 95% ClI:
1.94-2.31), as compared with a normal body weight.

High adherence to the ‘smart’ DP was associated with a
decrease in the hyperuricemia likelihood in both women (OR=0.84;
95% Cl: 0.77-0.93) and men (OR=0.85; 95% Cl: 0.75-0.96), when
compared with the 1% quartile (reference values).

For other DPs, no associations with hyperuricemia were found
in both gender groups.

Both women and men with excessive consumption of alcohol
were more likely to have hyperuricemia than nondrinkers:
OR=1.24; 95% Cl: 1.06-1.45 and OR=1.18; 95% Cl: 1.07-1.31,
respectively. Additionally, in women with moderate alcohol
consumption, we also observed a lower likelihood of
hyperuricemia (OR=0.91; 95% Cl: 0.83-0.99).

Associations of hyperuricemia with a smoking status were
recorded for men only. Compared with men who never smoked,
those who quit smoking were more likely to have hyperuricemia
(OR=1.23; 95% Cl: 1.14-1.34), while smokers, on the contrary,
were less likely to have it (OR=0.80; 95% Cl: 0.74-0.87).

Predictive models of hyperuricemia

The indicators included in the predictive models of
hyperuricemia prevalence, and the directions of predicted trends
mainly corresponded to the results of logistic regression analysis.
At the first level, women with normal BMI were classified as ‘not
having hyperuricemia’, with obesity — as ‘having hyperuricemia’
(Figure 1). Lifestyle characteristics (alcohol consumption) affected
the prediction of hyperuricemia only in women with high BMI. In
the age groups of 25-34, 35-44, and 45-54 (YO), excessive
consumption of alcohol caused increase in hyperuricemia
incidence, whereas in the older age group (55-64 YO), moderate
alcohol consumption favored lack of this ailment. The accuracy,
sensitivity and specificity of this model were 60.4%, 72.9% and
58.4%, respectively.

In men, as in women, the first stratification of the sample was
carried out based on BMI (Figure 2). In men with augmented BMI,
the likelihood of hyperuricemia was determined by a combination
of their smoking status, alcohol consumption and adherence to
‘smart’ DP. For those, who quit smoking, high adherence to ‘smart’
DP favored the prediction of no hyperuricemia. Both in non-
smokers and smokers, not drinking, low or moderate alcohol
consumption favored same prediction as well. With excessive
alcohol consumption, smoking was prognostically favorable. The
accuracy, sensitivity and specificity of the model for predicting
hyperuricemia in men were 657, 589% and 67.5%,
correspondingly.

Based on the analysis of classification trees, the ranking
significance of the studied predictors was compared in predicting
the likelihood of hyperuricemia in men and women (Figure 3). BMI
(100) was the most significant predictor in both gender groups;
however, the next predictors differed among men and women in
terms of their significance. For women, age was a highly significant
predictor (64; for men: 24). For men, smoking was highly
significant (63; for women: 23). The significance of alcohol
consumption (39 and 40, respectively) and the adherence to diets
for women and men were similar (‘smart’ DP — 31 and 47, ‘salty’
DP -9 and 7, ‘meat’ DP — 24 and 27, ‘mixed’ DP — 8 and 7).
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Figurel. Predictive model of the hyperuricemia likelihood in women. HU
— hyperuricemia; BMI: 1 — normal weight, 2 — increased weight, 3 — obesity;
Age: 1 -25-34 nYO, 2 —35-44 YO, 3 -45-54 YO, 4 — 55-64 YO; Alc (alcohol):
1 — nondrinker, 2 — light consumption, 3 — moderate consumption, 4 —
excessive consumption.

2344

Figure 2. Predictive model of the hyperuricemia likelihood in men. HU —
hyperuricemia; BMI: 1 — normal weight, 2 — increased weight, 3 — obesity;
Smok (smoking): 1 — nonsmokers, 2 — quit, 3 — smokers; DP (‘Smart’ dietary
pattern): 1, 2, 3, 4 — quartiles of adherence to the ‘Smart’ dietary pattern;
Alc (alcohol): 1 — nondrinker, 2 — light consumption, 3 — moderate
consumption, 4 — excessive consumption.

Discussion
Gender-based features of hyperuricemia

The results of our study for the first time demonstrated the
gender specificities of the hyperuricemia associations with lifestyle
choices in RF population. In the Russian population, the prevalence
of hyperuricemia was higher among men compared with women,
which was consistent with the results of the vast majority of
similar studies [17-21]. Some studies, on the contrary, indicated a
higher prevalence of hyperuricemia among women, which was
most likely caused by their flawed design and inconsistent random
sampling procedure. For example, a study on Chinese coal mining
company employees showed hyperuricemia incidence of 6.87% in
women vs. 8.57% in men [22]. Another Chinese study conducted in
seven cities also found a higher prevalence of hyperuricemia in

women compared with men (14.1% and 12.0%, respectively) [23].
However, the sample of that particular study included solely
people over 60 YO, and therefore, its resulting patterns were
indicative only for older people rather than total population.

Fairly large number of studies, investigating the causes of
hyperuricemia prevalence levels, paid attention to gender
differences in predictors related to lifestyle choices [10, 24, 25]. At
the same time, depending on the set of predictors used in the
study, its design and employed sampling procedure, such gender
differences varied significantly.

Hyperuricemia versus BMI

In our study, BMI made the most significant impact on
hyperuricemia levels in both men and women, which was
consistent with results of numerous studies demonstrating the
direct effect of BMI on serum uric acid concentration and
hyperuricemia risks [12, 20, 22, 25]. In a comprehensive analysis of
the lifestyle choices’ influence on hyperuricemia likelihood, obesity
and (to a lesser extent) an increased BMI, as a rule, demonstrated
the strongest effect. For example, in American study, the
population attributive risk of hyperuricemia for overweight and
obese people was 44%, while for alcohol consumption, diets, and
diuretics, it was just 8-12% [26].

Hyperuricemia versus age

In our study, the association of age with hyperuricemia was
detected solely in women, which was consistent with other studies
[18, 20]. At the same time, women 35-44 yo were in the best
position. The values of the odds ratios suggested a J-shaped
hyperuricemia dependence on age in women, which matched the
results of other studies [12, 22]. A likely cause of age associations
with hyperuricemia in women was related to the changes in
hormonal background during the menopause, approximately
coinciding with increased hyperuricemia likelihood in women older
than 45 yo in our study. In the meantime, the issue of what
primarily affects the increase of hyperuricemia prevalence in
women, menopause or age-related changes [27-29], has not been
fully resolved and, undoubtedly, requires further investigation.

DP Salty
100

DP Smart B DP Meat

Age DP Mixed

=S=Men

Smoking { it

Alcohol

Figure 3. Significance of lifestyle factors in predicting the hyperuricemia
likelihood in men and women.
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Table 4. Associations of hyperuricemia with age and lifestyle characteristics (women)

. L Hyperuricemia Probability
Traits/Characteristics Number % P-values OR 95% Cl P-values
25-34 181 7.8 Reference values
35-44 217 8.7 0.78 0.69-0.88 0.00007
Age, YO 45-54 521 137 <0.00001 1.05 0.95-1.15 0.32
55-64 824 18.6 1.29 1.16-1.42 <0.00001
<25.0 225 5.2 Reference values
BMI 25.0-29.9 438 11.0 <0.00001 0.97 0.89-1.06 0.54
>30.0 1080 23.1 2.29 2.12-2.48 <0.00001
1 quartile 457 16.7 Reference values
‘Smart’ dietary 2 quartile 384 13.4 <0.00001 1.02 0.93-1.12 0.69
pattern 3 quartile 491 12.8 : 0.94 0.86-1.03 0.18
4 quartile 411 11.5 0.84 0.77-0.93 0.00041
1 quartile 546 14.4 Reference values
. , o 2 quartile 481 13.0 0.96 0.87-1.05 0.35
salty dietary pattern 3 quartile 382 13.0 019 0.96 0.87-1.05 0.38
4 quartile 334 13.0 1.01 0.91-1.12 0.83
1 quartile 476 12.2 Reference values
‘Meat’ dietary 2 quartile 406 134 0.00099 1.04 0.95-1.15 0.40
pattern 3 quartile 416 13.0 : 0.99 0.90-1.09 0.93
4 quartile 445 15.5 1.06 0.97-1.17 0.21
1 quartile 476 12.7 Reference values
‘Mixed’ dietary 2 quartile 390 12.6 0.085 0.94 0.85-1.04 0.21
pattern 3 quartile 436 14.2 : 1.08 0.99-1.19 0.095
4 quartile 441 14.2 1.06 0.96-1.16 0.23
None 477 14.1 Reference values
Alcohol consumption Light 543 14.2 0.0020 0.94 0.85-1.03 0.17
Moderate 584 12.0 ' 0.91 0.83-0.99 0.043
Excessive 139 15.2 1.24 1.06-1.45 0.0075
None 1346 13.4 Reference values
Smoking Quit 187 13.4 0.99 1.01 0.87-1.14 0.83
Smoker 210 13.5 1.00 0.89-1.16 0.99

Table 5. Associations of hyperuricemia with age and lifestyle characteristics (men).

. L Hyperuricemia Probability
Traits/Characteristics Number % P-values OR 95% Cl P-values
25-34 364 17.8 Reference values
35-44 358 21.6 1.04 0.94-1.16 0.45
Age, YO 45-54 442 21.9 0.0055 0.99 0.90-1.09 0.82
55-64 431 20.9 0.91 0.82-1.01 0.066
<25.0 222 9.5 Reference values
BMI 25.0-29.9 677 20.1 <0.00001 1.07 0.98-1.15 0.12
>30.0 696 33.8 2.12 1.94-2.31 <0.00001
1 quartile 569 23.5 Reference values
‘Smart’ dietary 2 quartile 478 20.8 0.00001 1.04 0.94-1.15 0.45
pattern 3 quartile 319 18.9 : 0.92 0.83-1.04 0.16
4 quartile 229 16.8 0.85 0.75-0.96 0.0076
1 quartile 286 20.9 Reference values
. - 2 quartile 420 21.6 1.05 0.95-1.16 0.35
Salty” dietary pattern 3 quartile 441 20.3 0.37 0.98 0.89-1.08 0.74
4 quartile 448 19.5 0.99 0.90-1.09 0.83
1 quartile 336 18.8 Reference values
‘Meat’ dietary 2 quartile 397 19.7 0.047 0.96 0.87-1.06 0.44
pattern 3 quartile 432 22.0 : 1.09 0.99-1.20 0.089
4 quartile 430 21.5 1.01 0.91-1.11 0.88
1 quartile 412 19.7 Reference values
‘Mixed’ dietary 2 quartile 379 20.2 0.63 1.01 0.91-1.11 0.93
pattern 3 quartile 380 20.8 ’ 0.98 0.86-1.09 0.72
4 quartile 424 21.3 1.04 0.94-1.15 0.40
None 244 17.5 Reference values
Alcohol consumption Light 104 16.8 <0.00001 0.87 0.73-1.03 0.12
Moderate 562 19.7 ’ 1.03 0.93-1.14 0.62
Excessive 685 23.6 1.18 1.07-1.31 0.0013
None 522 19.9 Reference values
Smoking Quit 581 26.5 <0.00001 1.23 1.14-1.34 0.00001
Smoker 492 16.6 0.80 0.74-0.87 <0.00001
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Several Chinese studies have shown a statistically significant
decrease in the hyperuricemia likelihood of men, along with an
age-related increase of it in women [10, 28]. In this regard, it
should be noted that, in our study, the OR values in men, were
also decreasing with age, but remained statistically insignificant,
which may be indicative of an extremely weak trend. Besides, in
our study, the association of hyperuricemia in the oldest age
group, compared with the youngest group, approached statistical
significance (OR=0.91; 95% Cl: 0.82-1.01, p=0.066).

Along with studies, the results of which were consistent with
our findings, some publications demonstrated the hyperuricemia
likelihood increase with age in both gender groups, or solely in
men [21, 25].

Hyperuricemia versus dietary patterns

Of the nutritional features in this study, the inverse
associations of hyperuricemia with ‘smart’ DP were identified,
which corresponded to the published data [30, 31]. ‘Smart’ DP in
food products (vegetables, fruits, dairy products, cereals), as a
rule, are inversely associated with hyperuricemia, which explains
our finding.

At the same time, there were no statistically significant
associations of adherence to ‘meat’ DP. The latter includes purine-
rich meat products (including poultry), fish, and seafood, which,
according to the literature, are associated with hyperuricemia [31,
32]. Besides, a number of studies with empirical approaches to
assessment of diets indicated direct associations of ‘meat’ DP with
hyperuricemia as well [17, 33]. The situation is similar for ‘mixed’
DP, including foods rich in purine (legumes, fish and seafood),
which, hypothetically, tend to increase the likelihood of
hyperuricemia. However, a number of studies demonstrated that
vegetables rich in purine, particularly peas, beans, and lentils,
included in the ‘mixed’ DP, did not increase the risk of gout and
hyperuricemia [32, 34]. This finding is consistent with our results.

Despite the fact that a significant number of studies have been
dedicated to investigating the dependences of hyperuricemia on
nutritional characteristics, a number of researchers agreed that
nutritional characteristics could only explain a small part of
variability in hyperuricemia likelihood [31]. In the present study,
this is evidenced by the relatively low importance of diets in
predicting hyperuricemia, inferior to BMI, age and alcohol
consumption in women, and BMI and smoking status in men.

Hyperuricemia versus alcohol consumption

Our results implied that excessive alcohol consumption was
associated with increased hyperuricemia likelihood in both men
and women. In addition, women exhibited a decrease in
hyperuricemia likelihood with moderate alcohol consumption.
Moreover, as the decision tree model predicted, this was only
typical for older women. In some studies, alcohol use was
associated with hyperuricemia solely in men, rather than in
women [22, 25, 35, 36], whereas in other studies, on the contrary,
solely in women, rather than in men [12, 24]; and in several
publications, in both gender groups [19]. An increase in alcohol
consumption is typically accompanied by an increase in the
likelihood of hyperuricemia [26, 35, 37]. However, at light alcohol
consumption, associations are often devoid of statistical
significance.

Our study estimated total alcohol consumption, without
differentiation into the types of alcoholic beverages. As a rule,
researchers report associations of hyperuricemia with all types of
alcohol, with the exception of wine [38, 39]. In addition, the
strongest associations with hyperuricemia are often typical for
beer consumption [35, 39]. We believe that, in the future, it is
crucial to analyze the contribution of various types of alcoholic
beverages to hyperuricemia likelihood in the RF population.

Hyperuricemia versus smoking

In our study, smoking had an effect on hyperuricemia
likelihood only in men. In a number of studies, gender differences
similar to ours were obtained: similar effect in men and the
absence of the smoking status impact on hyperuricemia likelihood
in women [10, 40]. In some publications, however, the likelihood
of hyperuricemia was associated with smoking status in women
rather than in men [11, 12, 25].

In our study, men who quit smoking exhibited an increase in
the likelihood of hyperuricemia, while smokers had a decrease, as
compared with those who never smoked, which is consistent with
other studies [10, 40]. An increase in uric acid levels, among other
effects of smoking cessation, was described in the 1980 article by
G.D. Friedman and A.B. Siegelaub [41]. Such seemingly ‘protective’
effect of smoking and the ‘negative’ impact of its cessation were
explained in a number of studies by the antioxidant role of uric
acid. The latter is subjected to a decrease in its endogenous
production, resulting in depletion of antioxidant protection as a
result of chronic exposure to cigarette smoke, which, in turn, is a
source of oxidative stress [11]. On the other hand, some studies
(e.g. in Korea), on the contrary, indicated a direct effect of smoking
or former smoking on the likelihood of developing hyperuricemia
[11, 12]. In general, no consensus has yet been reached on the
effect of smoking status on the likelihood of hyperuricemia. In
2018, in a systematic review, N. Fanning et al. examined the
‘health paradox’ as an inverse association of hyperuricemia with
smoking and concluded that this phenomenon was not convincing,
since a number of studies have indicated the opposite effect, or no
effect, whatsoever [42].

The results of the decision tree in men were curious, showing
that the combination of excessive alcohol consumption
(regression-analysis-based direct associations) and smoking
(regression-analysis-based inverse associations) led to a
‘protective’ reduction in the likelihood of hyperuricemia. The
combined effect of alcohol and smoking, representing two types of
addictive behavior, are synergistically related in the general
population: smokers drink more often, and more alcohol at a time,
than non-smokers; in turn, among people consuming alcohol,
there are more smokers, and they are characterized by a higher
smoking intensity [43]. More in-depth studies are needed on the
combined effects of smoking and alcohol consumption on the
likelihood of hyperuricemia.

Possible causes of result discordance

A partial inconsistency between our results and published data
could be explained by insufficient subgroup sizes in other studies.
For example, in a Chinese study, conducted solely on women, the
likelihood of hyperuricemia was not associated with either
moderate or excessive alcohol consumption [36]; however, the
numbers of women with moderate and excessive alcohol
consumption were just 74 and 121, which corresponded to only
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1.2% and 2.0 % of all women, respectively. In the same study,
sample sizes for analogous men subgroups were 751 (15.0%) and
1722 (34.5%). In this connection, a small number of observations
in the subgroups of women could affect the power of statistical
analysis, which was admitted by the authors of the study
themselves.

In some studies, there was insufficient adjustment for
potential lifestyle covariates, including the lack of physical activity
parameters. Nevertheless, in our opinion, the main causes of
discrepancies were ‘Russian features’, such as the consumption
type of volumes and different kinds of alcoholic beverages, as well
as possible genetic differences between populations.

It is believed that the proportion of variance of the
hyperuricemia prevalence, explained by lifestyle factors, is
negligible [26]. The level of uric acid and hyperuricemia incidence,
despite their multifactorial nature, are rather difficult to predict.
For example, the use of some predictive statistical methods
allowed us obtaining the highest area under the curve (AUC) equal
to 0.669, when using the naive Bayes algorithm, and 0.775, when
using the random forests algorithm [44]. In another study, the use
of logistic regression analysis made it possible to obtain a model
for predicting hyperuricemia with an AUC value of 0.746 [37].

Of the predictors that we have analyzed, only BMI, which
showed the highest significance in predicting hyperuricemia, was
unequivocally interpreted in other studies. The remaining
parameters (age, nutrition, alcohol consumption, smoking status),
and their gender-based specificities, were apparently less stable in
associations with hyperuricemia and, depending on the
combination with each other and the study population, could
indicate different trends. The study showed just general patterns
of the hyperuricemia likelihood development in the RF population,
depending on gender and lifestyle choices. However, some
associations require more in-depth analysis, or further research
resulting in additional data.

Limitations and strengths

The strength of our results lies in the fact that they are based
on a large sample of the Russian population of more than 20
thousand people, which includes 13 regions of all climatic and
geographical zones of the country, with the exception of the Far
North. In our study, for the first time, we analyzed the Russian
characteristics of the formation of hyperuricemia levels depending
on the characteristics of lifestyle in the sexual groups.

However, the results obtained have some limitations. The
undoubted drawback of the study is the lack of physical activity
parameters, which, according to published data, is one of the
important lifestyle characteristics that affects uric acid levels and
the likelihood of hyperuricemia. The lack of physical activity
parameters is associated with technical difficulties during the
survey, which ultimately led to an excessive loss of necessary data.

Another limitation is the use of a short version of the
nutritional questionnaire without a serving size. However,
although rare, such options for assessing diets, especially in mass
studies, are being conducted.

The transverse nature of the study limits the results in terms of
causal evidence of the conclusions.

Conclusion

Thus, in the RF population, we observed multiple associations
of hyperuricemia with the characteristics of the lifestyle choices,
which were partially gender-specific. In both gender groups, the
most pronounced associations with hyperuricemia were
established for BMI. However, associations with other
characteristics and their severity differed among men and women.
In women, the greatest impact on the likelihood of hyperuricemia,
in decreasing order, was exerted by age, dietary patterns and
alcohol consumption, while in men it was caused by their smoking
status, dietary patterns and alcohol consumption. In many
respects, our results are consistent with other studies, but due to
the fact that the literature data are rather contradictory and often
indicative of multidirectional trends, a more comprehensive
analysis is required with the use of additional data.
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