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Abstract
Objectives The present study aimed to develop a random forest (RF) based prediction model for
hyperuricemia (HUA) and estimate associated risk factors.
Methods This cross-sectional study recruited 91,690 participants (52,607 males, 39,083 females). The
prediction models were derived from training sets using RF learning machine. Performances of the
prediction model were evaluated in validation datasets. Significant indicators were produced after
comparing between true positive set and true negative set. Odds ratio was calculated by binary logistic
regression models.
Results The area under the receiver-operating curve was 0.732 in males and 0.837 in females in the RF
prediction models. The sensitivity, specificity and negative predictive value of the models were 0.686,
0.656 and 0.882 in males, 0.786, 0.738 and 0.978 in females, respectively. According to the feature value
of each index in RF, a total of 10 explanatory variables were selected for each gender. Triglyceride,
creatinine, body mass index, waist circumference, alanine transaminase, age, weight and total cholesterol
were high-risk factors for HUA in both genders.
Conclusion RF demonstrated good stability and strong predictive power in predicting HUA in Chinese
population. People with high risk factors should be encouraged to actively control the above factors to
reduce the probability of developing HUA.
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Key Messages
1. This is the first study conducted that predicted hyperuricemia by Random Forest (RF) machine
learning.
2. The true positive and negative sets were analyzed to obtain feature contrast calculated by RF.
3. RF demonstrating strong predictive power can provide early warning for high-risk groups with
hyperuricemia.

Introduction
Uric acid (UA) is a metabolite of purines (ATP, GTP, and nucleic acids) circulating in the blood. The
excretion of UA plays an important role in removing nitrogenous wastes from the body[1].
Hyperuricemia(HUA)can be caused by overproduction or underexcretion of UA[2]. Increased production
may be the consequence of high-purine diet, alcohol abuse or congenital enzyme deficiency. Reduced
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excretion can be caused by genetic defects, renal disease or drugs which interfere with uric acid excretion
such as diuretics and cyclosporine. Over the past 40 years, the level of serum UA (SUA) and prevalence of
HUA have risen sharply globally[3]. From 2000 to 2014, prevalence of HUA in China was 13.3% (19.4% for
male and 7.9% for female), among which HUA was more common in urban residents than rural, which
may be closely related to not only the consumption of meat, seafood and alcohol but also work type,
commuting method and exercise frequency[4, 5].
Besides, plenty of studies have suggested that elevated SUA level was associated with various diseases,
including metabolic syndrome[6], dyslipidemia[7], chronic kidney disease[8] and cardiovascular events[9].
In addition, it is known that many patients with HUA develop gout eventually[10].
In order to elucidate the relationship between SUA and other variables, a previous study developed a
prediction model based on cox proportional hazards regression for HUA using 10 selected variables[11].
Note that the risk factors for HUA remain controversial, in this study, we intended to establish a RF model
through large sample from the perspective of data mining, with the aim of effectively predicting the
prevalence of HUA, comprehensively exploring risk factors of HUA and timely guiding high-risk groups to
take actions. Our cross-sectional study did not screen risk factors through prior knowledge but directly
established a RF model to analyze and compare the correlations of all included factors.

Methods
Design
This cross-sectional study was carried out under a collaboration from various departments of Tianjin
Medical University General Hospital in China, School of Medicine of Shanghai Jiao Tong University,
College of Intelligence and Computing of Tianjin University in China and Hull York Medical School of Hull
University in UK. During the period from September 2011 to April 2014, a total of 91,690 subjects
participated in this mainly community-based health check program. All participants were asked to
complete a questionnaire about medical history, lifestyle and habits.
Measurements and definitions
Anthropometric measurements and fasting blood tests of the participants were performed during their
visits to our institutions. Height and weight were measured in centimeters and kilograms. Body mass
index (BMI) was calculated by dividing weight (kg) by the square of height (m2). Waist circumference
(WC) was measured in centimeters. Systolic and diastolic blood pressures (SBP/ DBP) were measured by
an automated sphygmomanometer while the subjects were in a seated position after resting for 5
minutes. Alanine aminotransferase (ALT), serum total cholesterol (TC), triglycerides (TG), blood urea
(BUN), SUA, serum creatinine (Cr) and fasting plasma glucose (FPG) were measured by an auto-analyzer
(Hitachi Model 7600 analyzer, Hitachi, Tokyo, Japan).
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The criteria for diagnosis of HUA was SUA>420μmol/L in males and >360μmol/L in females[12].
Statistical analysis
All measurement data was represented as mean ± standard deviation. Independent-sample T testwas
used to compare the differences between the true positive set and true negative set. Odds ratio (OR) for
HUA with 95% confidence interval (CI) was calculated by the binary logistic regression. The analysis was
accomplished by using the statistical package for social sciences (SPSS version 22.0, Chicago, IL, USA).
RF model
In this study, the original data was cleaned before data mining to eliminate noise data, vacant data and
inconsistent data, as well as some redundant data. Process of data cleaning was divided into four steps:
deleting items containing vacant values, correcting items containing illegal values, normalization
processing and data transformation (Appendix 1). The study cohort was divided randomly into training
and validation datasets, with 80% of subjects assigned to training, and the remaining 20% utilized for
validation. A RF model was trained for predicting HUA using 35 baseline clinical variables including
continuous variables and categorical variables. RF is an algorithm that integrates multiple decision trees
through the idea of Ensemble Learning that determines a consensus prediction for each observation by
averaging the results of many individual recursive partitioning tree models[13, 14]. Each of the individual
trees are fitted to a randomly selected subset of the observations, and utilize a random subset of the
available predictors at each node as candidates for splitting[13]. Finally, the RF model integrates all
categories and outputs the result based on a majority vote. The main advantages of RF are as follows.
First, RF can handle input samples with high dimensional features and does not need dimension
reduction. Second, RF can assess the importance of each feature in classification. Third, RF can balance
the error to a certain extent for an unbalanced data set. Fourth, the models trained by RF can maintain
accuracy even if there are many missing values. Last but not the least, any interaction or correlation
between variables does not adversely affect the RF classification since it is capable of representing high
order interactions[15]. The analysis was accomplished by using Python.
Evaluation Criteria
The discriminatory power of models was analyzed by ROC curve. ROC curves were constructed by
plotting true positive versus the false positive fraction. Sensitivity (the probability of a positive test given
the individual has the disease), specificity(SPC, the probability of a negative test given the individual does
not have the disease), positive predictive value (PPV, the probability of having the disease given a positive
test), and the negative predictive value (NPV, the probability of not having the disease given a negative
test) were calculated for each cutoff score[16].

Results
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Study characters
From 91,690 subjects participated, the training dataset was determined as 73,351 subjects, of which
42,085 was males (57.4%). The validation dataset consisted of 18,339 subjects, of which 10,522 was
males (57.4%). All baseline variables in Table 1 were included in the RF model. The training and
validation data sets were similar in terms of baseline covariates. Samples for statistical analysis are
individuals in the validation dataset correctly diagnosed by the RF model (Figure1).
Evaluation of model predictive ability
There were 2,306 (21.9%) males in the validation set with HUA, and the detection rate was 68.6%. For
females, 7817 individuals were in the set and 560 (7.2%) had HUA, with 78.6% of the detection rate.
Classification matrix was shown in Supplementary Table 1 (Appendix 2). Area under the curve (AUC) was
0.732 in males and 0.837 in females (Figure 2). The sensitivity and specificity of the RF models were
0.686 and 0.656 in males, 0.786 and 0.738 in females, respectively. Besides, accuracy was 0.662 for
males and 0.742 for females. While as for PPV, 0.359 was for males and 0.188 for females. NPV was
0.882 in males and 0.978 in females, which suggested that the model was suitable for initial screening.
Participants with or without HUA
In this part, we analyzed variables from the true negative set and the true positive set to obtain more
distinct feature contrast. Variables with the top ten values in each gender were selected. Clinical baseline
characteristics classified by gender were indicated in Table 2. All parameters showed significant
difference except FPG in male (P>0.05). BMI, weight and WC in individuals without HUA were significantly
lower than individuals with HUA. TG, Cr and ALT showed the same results in both groups, but baselines of
these characteristics were much higher in male than in female. In addition, the average age (58y) of HUA
in females was much older than that in males (43y). The level of UA increased significantly with the rise
of age in female (P < 0.001); but the level of UA showed a downward trend with increase of age in male.
Risks of developing HUA with different variables
In our study, we used the binary logistic regression model to calculate the risk of developing HUA in men
and women with different variables (Table 3). Crude OR had no covariate, while adjusted OR included all
other 9 selected variables as the covariates.
TG, Cr, Weight, BMI, ALT, TC and WC had hazardous effects on HUA in both genders. BUN and SBP had
hazardous effects on the prevalence of HUA in females. Age was negatively correlated with prevalence in
males and females under 50, but positively correlated with prevalence in females over 50 (Table 3). FPG
in males showed no significance, but its negative effect appeared when included other covariates.
Furthermore, we calculated the risk of HUA by including other covariables in model 2. Weight of females
with HUA showed a positive effect with an OR of 1.182, but the effect disappeared when other covariates
were included.
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Discussion
HUA is defined by the finding of an abnormally high level of UA in the blood. HUA could be associated to
factors from different aspects such as laboratory variables, food intake habits (including drinking history
and smoking history) and education[17, 18]. Our previous study demonstrated correlations between
lifestyle choices and HUA[4]. In the current study, we developed a RF based prediction model for HUA and
analyzed its associated risk factors. In fact, we were the first to predict HUA using RF.
One important concern is parameters related to lipid metabolism. In our survey, TG showed the highest
weight (feature value) in the judgment of RF models in both genders (Table 2). Elevated TG will lead to
the production and utilization of more free fatty acid, accelerating synthesis of purines and UA[19].
Matsuura et al. has reported that visceral obesity patients had higher lipogenesis activity[20]. Tight
correlations as further proof between weight, BMI, WC and HUA were made in our model. Besides, other
indicators related to TG have been proved to be closely related to HUA: Chen et al. showed that the hyper
triglyceridemic waist phenotype was strongly associated with HUA[21]. Xu et al. have shown that TG and
non-high-density lipoprotein cholesterol have stronger relationship with HUA than other lipid indices[22].
All of these implied an important link between lipid metabolism and HUA.
FPG ranked tenth in males. Previous studies of relationship between UA levels and diabetes have yielded
inconsistent findings, including positive, negative and no significant relationship[23–25]. Our current
study demonstrated an inverse association between male FPG and HUA prevalence in diabetes
individuals (OR = 0.446, CI = 0.311–0.639), and a positive association in individuals with normal glucose
tolerance, while the latter disappeared when other covariates were included (OR = 1.073, CI = 0.897–
1.284). Similarly, a bell-shaped relation between FPG and SUA levels has been shown in several
studies[26]. The possible mechanism for a positive relationship between glucose and UA may be related
to the dual biological properties of UA. UA usually has an antioxidative effect; however, it becomes a
strong oxidant in the environment of metabolic syndrome[27]. Inflammation and oxidative stress induced
by metabolic syndrome and HUA may predispose individuals to a higher risk for diabetes[24]. Biological
mechanism underlying the relation between higher FPG and SUA levels is thought to be due to the
uricosuric effect of glycosuria [28]. Glycosuria occurs when glucose in the renal tubules exceeds its
maximum absorption capacity, which inhibits the reabsorption of UA at the same place. What needs to be
emphasized here is that it is glycosuria, rather than FPG, that leads to increased UA excretion. Further
studies, especially of UA in the normal glucose tolerance group, are urgently needed.
ALT ranked fifth in males and sixth in females. ALT is closely related to intrahepatic fat deposition and
has been widely considered as a marker of nonalcoholic fatty liver (NAFLD) in some epidemiological
studies[29, 30]. Many clinical studies have shown that HUA and NAFLD have similar metabolic disorders,
including insulin resistance, dyslipidemia and visceral obesity[6, 31, 32]. Therefore, there may be a
positive correlation between elevated SUA and elevated ALT. Another plausible explanation for the link
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between HUA and ALT elevation is oxidative stress[33]. The production of UA is accompanied by the
production of reactive oxygen species. In patients with NAFLD, increased SUA levels may alter
endogenous antioxidant defenses of liver fat peroxidation, thereby promoting the progression of liver
injury and leading to elevated ALT[29, 34].
The peak age of prevalence in females was completely opposite to that in males (Fig. 3). However, the
curvilinear distribution of HUA prevalence between the sexes indicated that both sexes may be affected
by hormonal factors with only a difference in degree. As one of the mechanisms underlying the gender
discrepancy in the prevalence of HUA, the estrogen’s uricosuric effect has been widely recognized[35].
Multivariate analysis found a negative and a positive association between HUA prevalence and age in the
female groups under and over 50 years old (OR = 0.894, CI = 0.852–0.938; OR = 1.046, CI = 1.007–1.086),
respectively. While the question of whether androgen could independently affect SUA levels, as in the
case of estrogen, remains controversial. The urate transporter 1, a specific urate transporter, expresses
higher in male mice than in female mice, which are positively affected by testosterone(T)[36], and it also
has been reported that androgen played a certain role in promoting the catabolism of nucleotide[37], both
of which suggest that T levels are positively correlated with UA levels. Rosen et al. showed no difference
in the serum T levels between asymptomatic HUA and normouricemic group[38]. However, a few studies
found a negative association between T levels and SUA, which are consistent with us[36, 39]. It has been
reported that serum total T and free T concentrations fall by 0.8% and 2% per year in middle-aged men,
which may provide an explanation for the high prevalence in older men[40]. Insulin resistance, obesity,
alcohol intake may also be associated with higher prevalence in HUA with age [41–43]. The phenomenon
that the prevalence of male HUA decreases during the third to the seventh decades then shots up needs
to be further studied. Besides, higher values among young male may be a secondary consequence of
other pathological change[44].
SBP was only shown in female ranked tenth. Previous studies have shown that SUA helped to maintain
blood pressure through both acute renal vasoconstriction (via stimulation of the renin angiotensin
system) and chronical renal microvascular and interstitial disease (by inducing salt-sensitivity via
activation MAP kinase, PDGF, and COX-2 systems)[45, 46]. When renal microvascular disease continues
to progress (a lesion resembling arteriolosclerosis), and sufficient narrowing of the arteriolar lumen
occurs, a component of the hypertension becomes salt-driven, renal-dependent, and independent of UA
levels[47], which may also explain the no-significance association between SUA and hypertension in the
older female group[48] and males. In addition, Cr of male and female HUA patients in our study was
significantly higher than that of non-HUA patients. It has been reported that gout patients had lower Cr
clearance and fractional UA excretion[49]. Obermayr et al. found that UA levels of 7-8.9 mg/dl nearly
doubled the risk for incident kidney disease (OR = 1.74, CI: 1.45–2.09), while UA levels > 9.0 mg/dl got a
tripled risk (OR = 3.12, CI: 2.29–4.25)[50].
The study also has some limitations. Firstly, the dataset was based on a cross-sectional, single-center
study, which may have selection bias and lack of representativeness, and such a study cannot provide
causality information. Secondly, all these ostensible subjects might have some diseases they do not
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know by themselves, which could influence SUA. Thirdly, data loss occurs when continuous variables are
converted to categorical variables (labeled individual SUA levels with having HUA or not).

Conclusions:
In conclusion, we developed a RF based prediction model for HUA in general Chinese population by a
cross-sectional dataset. The model demonstrated good stability and strong predictive power, which could
be used to identify high-risk groups of HUA in the early stage and provide early warning and intervention.
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Tables
Table 1 Characteristics of patients in the training and the validation datasets
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Characteristic

Training

Validation

P-value

Gender(male%)

42,085（57.4%）

10,522（57.4%）

1.000

Age(years)

45.621±14.710

45.587±14.747

0.781

Height(cm)

167.063±8.425

167.076±8.433

0.851

Weight(kg)

69.514±13.287

69.520±13.313

0.957

BMI(kg/cm2)

24.782±3.649

24.782±3.668

0.985

WC(cm)

84.085±11.078

84.060±11.114

0.765

SBP(mmHg)

123.360±17.971

123.340±17.969

0.859

DBP(mmHg)

77.800±11.619

77.760±11.574

0.650

History of Smoking (non-case%)

54395（74.2%）

13649（74.4%）

0.713

History of Drinking(non-case%)

44357（60.5%）

11083（60.4%）

0.796

ALT(U/L)

24.780±21.169

24.710±19.535

0.704

TBIL(μmol/L)

12.827±5.750

12.756±5.716

0.133

BUN(mmol/L)

4.787±1.292

4.809±1.318

0.038

Cr(μmol/L)

70.920±15.382

71.190±17.718

0.060

TC(mmol/L)

5.128±1.000

5.139±1.002

0.202

TG(mmol/L)

1.539±1.295

1.554±1.324

0.165

FPG(mmol/l)

5.157±1.148

5.155±1.164

0.902

P-LCR(%)

24.737±6.870

24.756±6.915

0.746

MCV (fL)

89.423±4.436

89.442±4.482

0.612

MCH(pg)

29.888±1.823

29.895±1.825

0.659

MCHC(g/L)

334.180±11.250

334.200±11.207

0.863

MPV(fl)

9.899±0.913

9.897±0.931

0.801

Lymphocyte(×109/L)

1.966±0.543

1.966±0.558

0.974

Lymphocyte percentage(%)

34.955±7.394

34.912±7.425

0.480

WBC(×109/L)

5.711±1.395

5.719±1.536

0.491

Neutrophil(×109/L)

3.240±1.055

3.243±1.056

0.776

Neutrophil percentage(%)

56.149±7.845

56.160±7.916

0.864

RBC(×1012/L)

4.740±0.462

4.739±0.463

0.736

RDW-CV(%)

12.802±0.841

12.803±0.844

0.942

HCT(%)

42.319±3.898

42.315±3.904

0.902

PLT(×109/L)

221.690±53.536

221.220±53.055

0.293

PDW(fl)

12.506±1.881

12.511±1.885

0.748

Hb(g/L)

141.500±14.450

141.490±14.513

0.973
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UWBC(/μL)

103.561±2022.434

116.568±2,147.257

0.442

URBC(/μL)

34.642±1162.431

38.184±1,217.594

0.715

BMI = body mass index, WC = waist circumference, SBP = systolic blood pressure, DBP

= diastolic blood pressure, ALT = alanine

aminotransferase, TBIL = total bilirubin, BUN = blood urea nitrogen, Cr = creatinine, TC = total cholesterol, TG = triglyceride, FPG = fasting
plasma glucose, P-LCR = platelet-large cell ratio, MCV = mean corpuscular volume, MCH = mean corpuscular hemoglobin, MCHC = mean
corpuscular hemoglobin concentration, MPV = mean platelet volume, WBC = white blood cell, RBC = red blood cell, RDW-CV = red cell distribution
width-coefficient of variation, HCT = hematocrit, PLT = platelet, PDW = platelet distribution width, Hb = hemoglobin, UWBC = urine white blood
cell, URBC = urine red blood cell.

Table 2 The baseline clinical characteristics in different genders
Variables

Individuals without HUA

Individuals with HUA

P value

Weight (Feature value)

TG

1.309±0.941

2.639±1.899

<0.001

0.074

Cr

75.980±9.814

86.470±23.216

<0.001

0.063

Weight

71.541±9.355

84.388±11.564

<0.001

0.049

BMI

24.304±2.986

28.096±3.199

<0.001

0.046

ALT

23.210±17.406

40.840±26.696

<0.001

0.045

Age

47.510±14.795

42.830±13.754

<0.001

0.040

TC

4.934±0.898

5.469±1.008

<0.001

0.036

WC

85.240±8.705

94.680±8.156

<0.001

0.036

Height

171.585±5.968

173.171±6.286

<0.001

0.031

FPG

5.315±1.492

5.256±0.956

0.134

0.031

TG

0.922±0.486

2.097±1.375

<0.001

0.090

Cr

57.620±8.104

70.500±19.131

<0.001

0.078

BMI

22.053±2.606

27.520±3.680

<0.001

0.056

WC

73.660±7.527

88.340±9.677

<0.001

0.050

BUN

4.167±1.086

5.414±1.485

<0.001

0.045

ALT

15.850±9.775

26.270±15.261

<0.001

0.044

Age

40.254±12.575

58.058±16.060

<0.001

0.042

Weight

56.965±7.204

68.945±10.555

<0.001

0.041

TC

4.876±0.913

5.827±1.082

<0.001

0.033

SBP

113.620±14.367

136.990±19.695

<0.001

0.032

Males

Females
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TG = triglyceride, Cr = creatinine, BMI = body mass index, ALT = alanine aminotransferase, TC = total cholesterol, WC = waist
circumference, FPG = fasting plasma glucose, BUN = blood urea, SBP = systolic blood pressure.
Feature value was rounded to three decimal places.

Table 3 The likelihood of developing HUA in different variables
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Sex/Variables

Model 1

Model 2

Crude OR(CI)

P

Adjusted OR(CI)*

P

TG

2.994(2.780-3.225）

<0.001

3.388(3.015-3.807)

<0.001

Cr

1.083(1.077-1.090)

<0.001

1.187(1.172-1.201)

<0.001

Weight

1.132(1.124-1.141)

<0.001

1.349 (1.183-1.539)

<0.001

BMI

1.499(1.463-1.536)

<0.001

0.626(0.424-0.925)

0.019

ALT

1.051(1.047-1.055)

<0.001

1.035(1.029-1.041)

<0.001

Age

0.977(0.973-0.981)

<0.001

0.938(0.930-0.947)

<0.001

TC

1.798 (1.692-1.911)

<0.001

1.649(1.476-1.842)

<0.001

WC

1.137(1.128-1.146)

<0.001

1.094(1.068-1.119)

<0.001

Height

1.044(1.035-1.054)

<0.001

0.782(0.693-0.883)

<0.001

FPG

0.968(0.928-1.010)

0.135

0.512(0.462-0.568)

<0.001

NGT

1.542(1.408-1.698)

<0.001

1.073(0.897-1.284)

0.442

diabetes

0.828(0.699-0.982)

0.030

0.446(0.311-0.639)

<0.001

TG

6.514(5.568-7.621)

<0.001

5.708(4.199-7.758)

<0.001

Cr

1.118(1.106-1.131)

<0.001

1.239(1.205-1.274)

<0.001

BMI

1.808(1.728-1.891)

<0.001

1.857(1.600-2.155)

<0.001

WC

1.231(1.212-1.251)

<0.001

1.101(1.058-1.146)

<0.001

BUN

2.181(2.012-2.365)

<0.001

2.356(1.981-2.802)

<0.001

ALT

1.059(1.051-1.067)

<0.001

1.059(1.043-1.075)

<0.001

Age

1.090(1.082-1.099)

<0.001

0.991(0.973-1.010)

0.359

<50y

1.004(0.979-1.029)

0.770

0.894(0.852-0.938）

<0.001

≥50y

1.099(1.083-1.116)

<0.001

1.046(1.007-1.086)

0.020

Weight

1.182(1.165-1.198)

<0.001

0.981(0.936-1.028)

0.427

TC

2.458(2.226-2.713)

<0.001

2.001(1.590-2.519)

<0.001

SBP

1.075(1.069-1.082)

<0.001

1.050(1.037-1.064)

<0.001

Males

Females

OR = odds ratio, CI = confidence interval, TG = triglyceride, Cr = creatinine, BMI = body mass index, ALT = alanine aminotransferase, WC =
waist circumference, TC = total cholesterol, FPG = fasting plasma glucose, NGT=normal glucose tolerance, BUN =blood urea, SBP =systolic blood
pressure.
*Adjusted with other 9 selected covariates.
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Figures

Figure 1
Figure showed the sample sizes of classifier models at different stages. 91,690 people were initially
included in the experiment and were randomly divided into 80% as training set and 20% as verification
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set. The samples for statistical analysis were individuals correctly diagnosed by RF model in the
verification data set.

Figure 2
ROC curve showed the discriminatory power of RF for HUA by taking all risk factors into consideration
Area under the curve was 0.732 (A) in male and 0.837 in female (B).
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Figure 3
Figure showed the proportions of HUA in female and male with age. Age distribution of HUA varied
greatly in gender. The peak age of prevalence in females was obviously different with that in males. The
prevalence rate of women increased rapidly after menopause, while that of men was higher in the young
and middle-aged years, then decreased, and then increased after 70y. The general population showed an
increasing trend with age.
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