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Abstract 

Objective We investigated the different life styles among the diet structures and exercise patterns of 100 patients 
with refractory gout and 79 healthy volunteers; of these, we selected 39 patients and 20 healthy volunteers for serum 
proton magnetic resonance (1H-NMR) metabolic network detection. We determined the potential biomarkers 
of refractory gout and attempted to explore the relation between potential biomarkers and diet structures and exer-
cise patterns.

Methods The study employed a questionnaire survey to analyze diet structures and exercise patterns from 100 
patients of refractory gout and 79 healthy volunteers. At the same time, using 1H-NMR metabolic technology to ana-
lyze the metabolites present in the serum samples obtained from 39 patients of refractory gout (group B) and 20 
healthy subjects (group A). Employing MestReNova (Version 8.0.1) to analyze the metabolites maps, collecting 
the NMR results, further importing into SIMCA-P+ 14.0 software (Umetrics, Sweden) for principal component analysis 
(PCA), partial least squares discriminant analysis (PLS-DA), and orthogonal partial least squares discriminant analysis 
(OPLS-DA) statistical analysis. Combining patterns recognition and multivariate statistics, potential biomarkers were 
searched. Other experimental data, including creatinine and adiponectin, were counted by the SPSS21.0. The meas-
urement data were expressed by X ± S and t test. The counting data were expressed in percent and performed by X2 
test.

Results Our results revealed that patients with gout tended to be obese, and there were differences in their lifestyle 
with exercise, sleep, and smoking, as well as in their preference for fructose drinks, alcohol, and total and structural dis-
tribution of meat, milk, eggs, and so on when compared with the healthy volunteers. Importantly, we found the adi-
ponectin in the gout group was lower as compared to the healthy group. Further, metabolomics in combination 
with KEGG analysis revealed that the biosynthesis of aminoacyl tRNA, biosynthesis of valine, leucine, and isoleucine, 
metabolism of alanine, aspartic, and glutamate, metabolism of glycine, serine, and threonine, phenylalanine, glycoly-
sis/gluconeogenesis, ketone body synthesis and degradation, metabolism of d‐glutamine, citric acid cycle (TCA cycle), 
triglyceride metabolism, and others could be used as specific biomarkers of this disease.

Conclusion Recurrent refractory gout and formation of tophus may be related to the diet structures and lifestyles 
between the patients and the healthy people, and their abnormal metabolic network may be related to the disorder 
of mitochondrial energy metabolism, which further results in abnormal metabolism of glucose, lipids, amino acids, 
and deposition of uric acid in joints, peripheral connective tissue, and kidney, inducing an inflammatory response.
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Introduction
Gout is one of the most common crystal‐related 
arthropathies, which involves the deposition of monoso-
dium urate (MSU) crystals [1]. Pathologically, it involves 
the deposition of uric acid, which often leads to a series 
of injuries in the tissues and organs, such as the joint 
cavity, blood vessels, heart, and kidney. It has been pre-
viously reported that gout was often associated with 
hyperlipidemia, hypertension, diabetes, arteriosclerosis, 
and coronary heart disease [2, 3]. Refractory gout refers 
to recurrent attacks of gout arthritis, wherein conven-
tional uric acid drugs fail to meet the required target. 
Chronic multiple arthritis usually involves the forma-
tion of tophus, further the potential occurrences of uric 
acid kidney stones and joint degeneration should also be 
considered [4]. According to 2020 global gout epidemi-
ology data, there has been an increase in the incidence 
of gout, and its prevalence rate has increased signifi-
cantly in the past few years [1]. Prevalence of hyperurice-
mia was recorded to be 2.6–36.0% in different ethnic 
groups, wherein the prevalence of gout was recorded to 
be 0.03–15.30% [5]. Importantly, there is an increase in 
the prevalence of both hyperuricemia and gout in recent 
years [6]. Effective regulation of lifestyle and diet struc-
ture is beneficial to control and prevent gout attacks. 
Metabolomics generally refers to the quantitative analy-
sis of all the metabolites present in an organism. It evalu-
ates changes in metabolites during different states of the 
organism and aids in revealing the metabolic essence of 
an organism’s life activities [7]. The present study sur-
veyed 100 refractory gout patients’ and 79 healthy vol-
unteers’ diet structures and lifestyle, and further selected 
the top 39 patients with average frequency of attacks in 
recent 3 years from 100 patients and 20 cases of healthy 
volunteers to study their serum metabolic network, 
determined refractory gout potential biomarkers, and 
explored the relation between potential biomarkers and 
diet structures and exercise patterns to guide patients 
adjust their diet structures and exercise patterns.

Cases and reagents
Case collection
We adopted a convenient sampling method to conduct 
a questionnaire survey by offline and online question-
naires. A total of 110 questionnaires were distributed 
to refractory gout inpatients and outpatients visiting 
the Dongguan Hospital of Traditional Chinese Medi-
cine between January and November 2021, of which 100 

questionnaires were effectively recovered, with an effec-
tive recovery rate of 90.9%. Furthermore, we selected the 
top 39 patients with the highest frequency of gout attacks 
in the past 3 years (31 men, 80%; 8 women, 20%; aver-
age age: 50.17 ± 12.73 years) as Group B for the metabolic 
network analysis.

A total of 90 questionnaires were distributed to health 
volunteers from the physical examination center of 
the Dongguan Hospital of Traditional Chinese Medi-
cine between January and November 2021, of which 79 
questionnaires were effectively recovered, with an effec-
tive recovery rate of 87.8%. Furthermore, we randomly 
selected 20 patients (16 men, 80%; 4 women, 20%; aver-
age age: 48.47 ± 12.51  years) as Group A according to 
the gender and age of Group B. This study was reviewed 
by the Ethics Committee of the Dongguan Hospital of 
Traditional Chinese Medicine, and all participants are 
required to sign their informed consent.

Subject inclusion criteria
Refractory gout diagnostic criteria
The diagnostic criteria for refractory gout according to 
the “2015 Gout New Classification Criteria from ACR/
EULAR”: (1) The serum uric acid level was ≥ 360umol/L 
despite sufficient dosage and course treatment of conven-
tional urate-lowering drugs alone or in combination; (2) 
occurrence of recurrent gout attack more than 2 times/
years despite standardized treatment; and (3) presenta-
tion of persistent and/ or extensive tophus.

Patient ranged in age
The age ranged from 20 to 80 years.

Patient exclusion criteria
Pregnancy or breastfeeding women and psychiat-
ric patients; patients with severe malnutrition or 
serious damage to the heart, brain, kidney, and hemato-
logical system; merging of other rheumatism patients; 
and patients who did not cooperate with the study 
process.

Reagent
Anhydrous sodium hydrogen phosphate  (NaH2PO4) 
was sourced from the Guangdong Guangxian Reagent 
Technology Co., Ltd. Sodium phosphate dibasic dihy-
drate  (Na2HPO4) was obtained from Yueqiao Co., Ltd. 
Heavy water was sourced from the Hangpu Experimental 
Equipment Co., Ltd.

Keywords Refractory gout, Metabolomics, Diet structure, Lifestyle
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Experimental apparatus
NMR spectrometer with a superconducting magnet 
(Varian NMR System 500  MHz; American Varian Co., 
Ltd.); fully automatic biochemical analyzer BS-220 (Min-
dray); microporous plate oscillator (Wuxi Jieruian Instru-
ment Equipment Co., LTD); NMR TUBE (Ning Hangpu 
Experimental Equipment Co., LTD); TGL-20 M Desktop 
high-speed freezing centrifuge (Shanghai Luxiangyi Cen-
trifuge Instrument Co., LTD) were used in this study.

Experiments and methods
Sample pretreatment
For serum collection, 6  mL of the blood samples were, 
respectively, collected from patients and healthy people, 
at 4  °C and the frequency of 10,000  Hz centrifugal for 
15 min. Further, 300 μL of the upper serum was absorbed 
into the NMR tube, to which added 200 μL of 0.2 mol/L 
phosphate equilibrium solution (pH 7.4) and 50 μL of 
heavy water and mixed by shaking.

NMR experiment
At 25 °C, the pulse sequence was set as Carr-Purcell-Mei 
boom-Gill, the spectral width as 10,000 Hz, the echo time 
as 1 ms, 64-K sampling points, 64 cycles, and 128 stack-
ing times of NMR scanning. The NMR signal was trans-
formed into a map by Fourier-transformed spectroscopy.

Map processing
MestReNova (Version 8.0.1) was used to analyze the 
map. The lactic acid peak (δ 1.33) served as the chemi-
cal shift reference peak. Phase and baseline adjust-
ments were made to the obtained map and defined at δ 
0.5–9.0, with 0.005 PPM as the integral interval region. 
The regional water peak of δ 4.7–5.1 (the integral value 
was set as zero) was eliminated, normalized to obtain the 

integral data, and saved in Excel form for the follow mul-
tivariate statistical analysis.

Data processing
The abovementioned integral data were imported into 
the SIMCA-P + 14.0 software (Umetrics, Sweden) for 
PCA, PLS-DA, and OPLS-DA statistical analysis. R2 and 
Q2, as the validation parameters of the evaluation model, 
were > 50%, indicating that the model was statistically 
valid. The OPLS-DA results were expressed in the form 
of a score plot and a loading plot. By analyzed the chemi-
cal shift in the integral difference between the groups in 
the scoring diagram, found the difference  contribution 
value in the load diagram, and the corresponding metab-
olites in combination with the peak change of the one-
dimensional NMR spectrum. Other experimental data 
were counted by using the SPSS21.0. The measurement 
data were expressed by X ± S and t test. The counting data 
were expressed in percent and performed by X2 test.

Experimental results
Survey results
General condition between healthy and gout groups
We noted no statistical differences in age and gender 
between the two groups. The gout patients had higher 
body mass index (BMI) than the healthy people, and 
some gout patients were complicated with hypertension 
and diabetes, showing statistical differences (Table 1).

Lifestyle comparison between healthy and gout groups
We recorded significant differences between the two 
groups in terms of lifestyle, such as exercise patterns, 
sleep, and smoking (P < 0.05) (Table 2).

Table 1 General condition between healthy and gout groups

Healthy group (Group A) 
(N = 79) 

Gout group (Group B) 
(N = 100) 

χ2/t value P value

Age (year) 47.08 ± 12.91 49.31 ± 13.25 1.133 0.259

Gender
[person(%)]

1.356 0.244

Male 53 (67.09%) 75 (75.00%)

Female 26 (32.91%) 25 (25.00%)

BMI (kg/m2) 21.90 ± 2.23 25.62 ± 3.58 8.081 0.000

Combined with hypertension and diabetes 
[person (%)]

19.815 0.000

Both 0 (0.00%) 6 (6.00%)

Hypertension 0(0.00%) 10 (10.00%)

Diabetes 0 (0.00%) 6 (6.00%)

Neither 79 (100.00%) 78 (78.00%)
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Diet structures comparison between healthy and gout groups
We noted several differences between gout and healthy 
groups in terms of the diet structures, such as fructose 
drink, alcohol, total and structure distribution of meat, 
milk, and eggs, and there were statistical differences 
(P < 0.05) (Table 3).

Comparison of adiponectin and creatinine 
between healthy and gout groups
In gout patients, adiponectin was found to be lower 
as compared to healthy volunteers. These differences 
were found to be statistically significant (P < 0.01), 
which suggested that the patients might be associated 

with abnormal glucose metabolism and insulin resist-
ance. In addition, the statistically significant differences 
were recorded in the levels of creatinine between the 
two groups, wherein higher creatinine was recorded in 
the gout group (P < 0.01). These results suggested that 
patients with gout exhibited abnormal renal function 
(Table 4).

NMR analysis of abnormal serum metabolism in healthy 
and gout groups
The study analyzed the differences in 1H‐NMR spectra 
of serum metabolites between the healthy group and 
the gout group (Fig.  1). Referred relevant literature [8] 

Table 2 Lifestyle comparison between healthy and gout groups

Questions and options Healthy group
(Group A) (N = 79) 

Gout group 
(Group B) 
(N = 100) 

χ2 value P value

Q1: How many times you exercise per week? (more than 30 min each time) 1.346 0.718

 A. 0 times 26 (32.9%) 31 (31%)

 B. 1 time 20 (25.3%) 30 (30%)

 C. 2 times 18 (22.1%) 17 (17%)

 D. 3 or more times 15 (19.0%) 22 (22%)

Q2: Which of the following sports do you usually choose? (multiple choice) 42.161 0.000

 A. Walking 32 (57.0%) 64 (64%)

 B. Swimming 31 (6.3%) 7 (7%)

 C. Low intensity aerobics 28 (19.0%) 11 (10%)

 D. High intensity aerobic exercise 4 (7.6%) 18 (14%)

 E. High intensity strength training 9 (10.1%) 11 (12%)

Q3: How many times do you sedentary per week? (more than 6 h per day) 15.197 0.002

 A. 0 times 19 (21.4%) 14 (14%)

 B. 1 time 25 (31.6%) 17 (17%)

 C. 2 times 17 (21.5%) 19 (19%)

 D. 3 or more times 18 (22.8%) 50 (50%)

Q4: How many times do you sleep well per week? (Sleep at least 6 h at night) 6.460 0.091

 A. 0 times 5 (6.3%) 6 (6%)

 B. 1 time 5 (6.3%) 17 (17%)

 C. 2 times 14 (17.7%) 23 (23%)

 D. 3 or more times 55 (69.6%) 54 (54%)

Q5: How many times do you overeat per week? (Subjective judgment) 20.875 0.000

 A. 0 times 29 (36.7%) 21 (21%)

 B. 1 time 33 (41.8%) 24 (24%)

 C. 2 times 10 (12.7%) 37 (37%)

 D. 3 or more times 7 (8.9%) 18 (18%)

Q6: How many milliliters do you drink daily(Including tea, coffee, etc., except beverages) ? 1.159 0.560

 A. ≤ 1500 22 (27.8%) 25 (25%)

 B. 1500–2500 46 (58.2%) 55 (55%)

 C. ≥ 2500 11 (13.9%) 20 (20%)

Q7: Do you smoke? 10.424 0.001

 A. Yes 8 (10.1%) 30 (30%)

 B. No 71 (89.9%) 70 (70%)
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Table 3 Diet structure comparison between healthy and gout groups

Questions and options Healthy group
(Group A) (N = 79) 

Gout group
(Group B) (N = 100) 

χ2 Value P value

Q8: How much alcohol do you drink daily? 11.085 0.011

 A. 0 mL 64 (81.05) 60 (60%)

 B. 0−50 mL 12 (15.2%) 23 (23%)

 C. 50−200 mL 2 (2.5%) 12 (12%)

 D. ≥ 200 mL 1 (1.3%) 5 (5%)

Q9. How many cups of juice and beverages you drink per week? 0.041 0.840

 A. ≤ 1cup 47 (59.5%) 58 (58%)

 B. 2–3 cups 32 (40.5%) 42 (42%)

Q10.How many grain you intake daily? 14.271 0.003

 A. ≤ 200 g 25 (31.6%) 15 (15%)

 B. 201−300 g 33 (41.8%) 55 (55%)

 C. 301−400 g 6 (7.6%) 20 (20%)

 D. ≥ 401 g 15 (19.0%) 10 (10%)

Q11. How many potatoes you intake daily? 3.750 0.153

 A. ≤ 30 g 44 (55.7%) 68 (68%)

 B. 31−60 g 25 (31.6%) 26 (26%)

 C. ≥ 61 g 10 (12.7%) 6 (6%)

Q12. How many meat you intake daily? 21.854 0.000

 A. ≤ 60 g 32 (40.5%) 16 (16%)

 B. 61−120 g 42 (53.2%) 55 (55%)

 C. ≥ 121 g 5 (6.3%) 29 (29%)

Q13. What kind of meat you usually eat? (multiple choice) 44.107 0.000

 A. White meat 79 (100.0%) 42 (42%)

 B. Red meat 21 (26.6%) 62 (68%)

 C. Seafood 10 (12.7%) 29 (29%)

 D. Animal offal 6 (7.6%) 20 (20%)

Q14. How many eggs do you eat daily? 10.490 0.005

 A. 0 20 (25.3%) 21 (21%)

 B. 1 35 (44.3%) 66 (66%)

 C. 2 and more than 2 24 (35.4%) 13 (13%)

Q15.How many milk and milk products you intake daily? 19.329 0.000

 A. 0 g 17 (21.5%) 49 (49%)

 B. 1−250 g 44 (55.7%) 45 (45%)

 C. ≥ 251 g 18 (22.8%) 6 (6%)

Q16. How many beans and beans products you intake daily? 6.514 0.039

 A. 0−40 g 41 (51.9%) 64 (64%)

 B. 41−80 g 30 (38.0%) 34 (34%)

 C. ≥ 81 g 8 (10.1%) 2 (2%)

Q17. How many fruits do you intake daily? 1.860 0.395

 A. 0−100 g 38 (48.1%) 40 (40%)

 B. 101−200 g 33 (41.8%) 52 (52%)

 C. ≥ 201 g 8 (10.1%) 8 (8%)

Q18. What kind of fruits you usually eat? 16.525 0.000

 A. Low fructose fruit 57 (72.2%) 52 (52%)

 B. Fructose rich fruit 15 (19.0%) 46 (46%)

 C. Cherry 7 (8.9%) 2 (2%)

Q19. How many vegetables do you intake daily? 31.691 0.000

 A. 0−250 g 44 (55.7%) 32 (32%)

 B. 251−500 g 20 (25.3%) 65 (65%)
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and metabolite database HMDB (http:// www. hmdb. ca), 
significant differences were identified in 1H‐NMR spec-
tra. As shown in Fig.  1, 14 metabolites could be easily 
distinguished between the two groups. For metabolites 
with few differences, multivariate statistical analysis was 
required.

Unsupervised PCA analysis of serum metabolites 
in healthy and gout groups
The study conducted unsupervised PCA analysis for 
serum metabolites in healthy and gout groups to initial 
evaluation of prospective biomarkers. As shown in Fig. 2, 
healthy volunteers were found to exhibit a relatively sta-
ble metabolic state, which the distribution was relatively 
concentrated. The two groups were basically separated, 
however, some overlap was observed (PC1 vs. PC2, 
R2 = 90.5%, Q2 = 83.8%) (Fig.  2), which suggested the 
occurrence of a good pattern. The study further analyzed 
PLS‐DA and OPLS‐DA.

PLS‐DA and OPLS‐DA analyses of serum metabolites 
in healthy and gout groups
The PLS-DA supervised pattern recognition method 
would be employed to further analyze the aforemen-
tioned data in order to enhance the optimization of the 
grouping model. The analysis results are shown in Fig. 3 
[R2x = 74.2%, R2Y = 82.6%, Q2 (CUM) = 80.4%]. The 
score chart revealed a complete separation of the two 
groups. However, some samples were found to be rela-
tively dispersed within the group. In order to mitigate 
the impact of confounding factors such as dietary habits, 
lifestyle choices, medication usage, individual variations, 

and other variables on the study groups while enhancing 
inter-group distinctions, we employed the widely uti-
lized orthogonal signal correction (OSC) technique in 
conjunction with PLS-DA analysis to effectively reduce 
noise. Following this, OPLS‐DA analysis was performed, 
which eliminated system errors, filtered out irrelevant 
information, and enhanced the discriminative power of 
pattern recognition methods. The results are shown in 
Fig.  4 [R2x = 74.2%, R2Y = 82.6%, Q2 (CUM) = 80.9%]. 
Importantly, no crossover and overlap were observed 
between the groups, and the two groups were found to 
be distributed in a concentrated manner. These results 
showed that the model was effective. Incorporating 
established standards (VIP ≥ 1, P < 0.05), 47 metabolites 
were identified in combination with the actual map.

In the Volcano Plot analysis (Fig. 5, Table 5), compared 
with the gout group, the results shown that the levels of 
very low-density lipoprotein (VLDL)/low-density lipo-
protein (LDL), lactic acid, prostaglandin D2, N‐acetyl 
glycoprotein, O‐acetyl glycoprotein, homocysteine, pros-
taglandin E2, 3‐hydroxy butyric acid, malic acid, succinic 
acid, creatinine phosphate, glycerol phosphate, betaine, 
trimethylamine, preserved ammonia acid, taurine, gly-
cine, threonine, inositol, glycerol, glycerin, methionine, 
aspartic acid, creatinine, phenylalanine, methionine, his-
tidine, isoleucine, alanine, leucine, lysine, acetic acid salt, 
and glutamate were found to be increased in the healthy 
group, while the levels of valine, proline, arginine and 
high-density lipoprotein (HDL) were decreased (Table 5).

Analysis of potential metabolic pathways
The analysis of metabolite changes was further used to 
identify abnormal metabolic pathways. Briefly, 44 met-
abolic were putted into MetaboAnalyst 5.0, and the 
analysis identified 40 important metabolic pathways. 
Importantly, metabolic pathways with P value < 0.05 
or Impact > 0.1 were identified as potential target 
pathways. Consequently, a total of 12 pathways were 
identified, which included ammonia acyl tRNA biosyn-
thesis, biosynthesis of valine, leucine, and isoleucine, 
metabolism of alanine, glutamic acid, and aspartic 
acid, metabolism of glycine, serine, and threonine, 

Table 3 (continued)

Questions and options Healthy group
(Group A) (N = 79) 

Gout group
(Group B) (N = 100) 

χ2 Value P value

 C. ≥ 501 g 15 (19.0%) 3 (3%)

Q20. How many grease do you intake daily? 19.639 0.000

 A. 0−10 g 26 (32.9%) 12 (12%)

 B. 11−15 g 31 (39.2%) 30 (30%)

 C. 16−20 g 17 (21.5%) 49 (49%)

 D. ≥ 21 g 5 (6.3%) 9 (9%)

Table 4 Comparison of adiponectin and creatinine between 
two groups

Healthy 
group 
(Group A)

Gout group (Group B) Value P

Adiponectin (mg/L) 8.33 ± 6.14 6.65 ± 7.02 P < 0.01

Creatinine (mmol/L) 67.36 ± 13.90 104.86 ± 40.71 P < 0.01

http://www.hmdb.ca
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Fig. 1 The NMR profiles of the serum samples from the gout group (red line) and the healthy group (green line)



Page 8 of 15Weidong et al. Journal of Orthopaedic Surgery and Research           (2024) 19:78 

phenylalanine, glycolysis/sugar dysplasia, synthesis 
and degradation of ketone body, D‐glutamine with D‐
glutamine metabolism, citric acid cycle (TCA cycle), 
and triglyceride metabolism. When combined with 
the KEGG database, it was revealed that the metabolic 
pathways involved energy metabolism, glucose metab-
olism, amino acid metabolism, lipid metabolism, and 
immune disorders (Fig. 6, Table 6).

Discussion
Refractory gout is a particular type of chronic gout, 
characterized by recurrent attacks and tophus for-
mation, is related to the diet structures and exer-
cise patterns of patients, and has specific biomarkers 
of biological metabolism. The questionnaire survey 
found that refractory gout female ratio was 20%, far 
higher than the literature in the general gout ratio of 

Fig. 2 The gout group ( ) and healthy group ( ) in the PCA analysis diagram

Fig. 3 The gout group ( ) and healthy group ( ) in the PLS-DA analysis diagram
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5% [1], and they were all menopausal at the time of 
onset. It may be related to the loss of estrogen pro-
tection, uric acid excretion disorder, and weight gain 
after menopause, which makes gout attacks frequent 
and uric acid difficult to control. The present study 

conducted untargeted metabolomics identification 
studies on biomarkers related to refractory gout, iden-
tified 12 abnormal serum metabolic pathways, which 
are discussed below.

Fig. 4 The gout group ( ) and healthy group ( ) in the OPLS-DA analysis diagram

Fig. 5 The Volcano Plot analysis between the gout group and healthy group
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Refractory gout requires adjustment of lifestyle
Adjusting lifestyle can help prevent gout attacks. Past 
research has indicated that a reasonable frequency of 
exercise can help prevent gout and promote uric acid 
metabolism.[9]. We also recorded that the exercise fre-
quency was similar between the two groups. However, 

in terms of the selection of the exercise mode, the gout 
group tended to select confrontational movement, pedes-
trianism, hiking and so on, could lead to joints damage, 
promote uric acid deposition in damaged joints and 
induce gout attacks. Therefore, we advocate for patients 
with refractory gout to select exercises that have a lesser 
impact on joints, such as swimming and Tai chi. Other 
unhealthy lifestyle, such as smoking, retaining the sit-
ting posture for long, and sleeping late, were noted to be 
greater in the gout group. It may be a risk factor for fre-
quent gout attack.

Refractory gout requires adjustment of the diet structures
A reasonable diet structures help prevent a gout attack. 
We noted that the gout group had a higher intake of 
grains and oils than the healthy group, although the liter-
ature suggests that increased intake of grains, especially 
high-fiber foods, can reduce uric acid crystallization [10], 
although there is no literature report supporting that 
recurrent refractory gout and formation of tophus are 
related to the intake of grains and oils. However, exces-
sive intake of grains and oils can contribute to excessive 
total calorie intake, which easily creates an imbalance 
of carbohydrates, protein, and fat. In addition, we found 
that gout patients generally have lactate dehydrogenase 
(LDH) increased and adiponectin decreased, combined 
with abnormal lipid and glucose metabolism, which may 
affect uric acid metabolism. It is, therefore, necessary 
to control the total intake of both. Adjusting vegetable–
fruit dietary pattern can delay gout attack [11]. We found 
that the gout group had lower vegetable intake than the 
healthy group, and the fruit intake was no statistically dif-
ferent relative to the healthy group. However, there were 
differences in fruit selection between the two groups. 
Gout patients tended to choose fruits with high sugar 
content, while high fructose intake was found to affect 
uric acid metabolism.

The gout group had significantly higher meat intake 
than the healthy group, who were more inclined to eat 
high-purine food such as red meat, seafood, and ani-
mal offal. The intake of milk, eggs, and beans in the gout 
group was lower than that in the healthy group, while the 
intake of potatoes was not statistically different between 
the groups. However, the above-mentioned diets do not 
increase uric acid metabolism according to the literature 
[12, 13]. These statistical differences may be attributed to 
the gout diets misunderstanding among gout patients, 
and it is a belief that milk, eggs, potatoes, and beans 
may increase purine metabolism and control intention-
ally. It is therefore suggested that we should strengthen 
the health education related to gout diet in future clini-
cal work as well as advocate the reasonable distribution 

Table 5 Names and changes in serum metabolites in the two 
study groups

Chemical shift value Metabolite VIP Variation 
trend

0.82 HDL 1.1048 ↓
0.98, 2.26 Valine 1.046 ↓
3.25 Arginine 1.25 ↓
3.35 Proline 1.01 ↓
0.86 VLDL/LDL 1.073 ↑
1.33 Lactic acid 0.53506 ↑
1.38 Prostaglandin D2 1.29 ↑
2.06 N-acetyl glycoprotein 1.16 ↑
2.14 O-acetyl glycoprotein 1.17 ↑
2.15 Homocysteine 1.27 ↑
2.25 Prostaglandin E2 1.08 ↑
2.31 3-Hydroxybutyric acid 1.35 ↑
2.39 Malic acid 1.27 ↑
2.4 Succinic acid 1.08 ↑
3.12 Phosphocreatine 1.1 ↑
3.22 Glycerol phosphocholine 1.16 ↑
3.28, 3.26 Betaine 1.02 ↑
3.42 Taurine 1.07 ↑
3.57 Glycine 1.45 ↑
3.58 Threonine 1.51 ↑
3.63 Inositol 1.22 ↑
3.64 Glycerine 1.29 ↑
3.66 Glycerol 1.19 ↑
3.87 Methionine 1.05 ↑
3.89 Aspartic acid 1.21 ↑
3.94 Creatine 1.41 ↑
3.98 Phenylalanine 1.27 ↑
0.93, 1.97, 3.65 Isoleucine 1.39 ↑
1.48, 3.79 Alanine 1.488 ↑
1.71, 0.94, 3.72 Leucine 1.34 ↑
1.72, 3.01 Lysine 1.16 ↑
1.91, 1.92 Acetate 1.21 ↑
2.06, 2.35 Glutamate 1.31 ↑
2.1, 2.41 Glutamine 1.06 ↑
2.16, 2.17 Butyric acid 1.36 ↑
2.22, 2.28 Acetoacetic acid 1.04 ↑
2.24, 2.38 Acetone 1.28 ↑
2.52, 2.55 Citric acid 1.05 ↑
3.62, 4.65 D- glucose 1.36 ↑
6.87, 7.22 Tyrosine 1.1 ↑
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of food share on the basis of controlling the total calorie 
intake.

Relationship between abnormal energy metabolism 
and acute attack of refractory gout
The present study revealed the involvement of abnor-
mal energy metabolism in refractory gout. In addition, 

four pathways were found to be associated including 
citric acid cycle (TCA cycle), pyruvate metabolism, 
glycolysis/gluconeogenesis, and ketone body synthe-
sis and degradation. Under normal physiological con-
ditions, glucose performs aerobic metabolism in the 
mitochondria, which involves the breakdown of car-
bon dioxide and water. Pyruvate can be formed from 

Fig. 6 The metabolic network analysis diagram of the patients

Table 6 Two groups of serum metabolites mainly involved in the metabolic pathway analysis results

Hits Raw P LOG10(P) Holm adjust FDR Impact

Ammonia acyl tRNA biosynthesis 15 5.15E−14 13.288 4.33E−12 4.33E−12 0

Valine, leucine, and isoleucine biosynthesis 4 2.48E−05 4.6061 0.002031 0.000694 0

Alanine, glutamic acid, and aspartic acid metabolism 6 4.98E−05 4.3026 0.004035 0.001046 0.53446

Glycine, serine, and threonine metabolism 5 0.001237 2.9078 0.096458 0.01484 0.38904

Phenylalanine, tyrosine, and tryptophan biosynthesis 2 0.003772 2.4234 0.29044 0.035239 1

Glycolysis/sugar dysplasia 4 0.003776 2.423 0.29044 0.035239 0.03011

Synthesis and degradation of ketone body 2 0.006184 2.2087 0.46381 0.051947 0.6

D-glutamine with D-glutamine metabolism 2 0.009125 2.0398 0.66613 0.058962 0.5

Metabolism of phenylalanine 2 0.025642 1.591 1 0.13462 0.35714

Citric acid cycle (TCA cycle) 2 0.092117 1.0357 1 0.40725 0.12311

Glutathione metabolism 2 0.16139 0.79212 1 0.61621 0.10839

Triglyceride metabolism 1 0.34321 0.46444 1 0.87362 0.23676
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glucose by glycolysis, and it can be converted back to 
glucose by gluconeogenesis (glycolysis/gluconeogen-
esis). In the presence of oxygen (aerobic respiration), 
pyruvate provides energy to the cells through the 
citric acid cycle (TCA cycle). When oxygen is limit-
ing, pyruvate fermentation produces lactic acid and 
ketone bodies (the synthetic pathway of ketone bod-
ies). The present study revealed increased levels of 
pyruvate in the serum of patients. At the same time, 
the levels of citric acid, α‐ketoglutaric acid, and ace-
toacetic acid were also found to be increased in the 
TCA cycle, which further resulted in the production 
of ketone bodies, such as hydroxybutyric acid and 
acetone. Importantly, the above four pathways are 
known to be located in the mitochondria. Therefore, 
it was speculated that patients with acute gout exhib-
ited mitochondrial energy supply disorder, which 
blocked the glucose aerobic metabolism pathway in 
the patients. However, gout patients are often associ-
ated with abnormal glucose metabolism, even diabe-
tes, and the two metabolic pathways affect each other. 
We found that patients tend to intake high sugar fruits 
and drinks and exercise less, which affects their purine 
metabolism.

The present study also reported elevated levels of ala-
nine increased in the patients. Β‐alanine can transam-
inate with pyruvate to form malondialdehyde and 
L‐alanine. Malondialdehyde further gets converted into 
malonic acid, which is catalyzed by the action of malon-
dialdehyde dehydrogenase. Following this, malonic acid 
gets converted into propylene acyl-coenzyme A and 
enters into the fatty acid biosynthesis. Since neuronal 
uptake and neuronal receptor sensitivity of β‐alanine 
have been previously demonstrated, β‐alanine might 
act as a pseudo‐transmitter in place of γ‐aminobu-
tyric acid. Importantly, when alanine is present at high 
levels, it can act as a neurotoxin, mitochondrial toxin, 
and metabolic toxin. It has been previously reported 
that mitochondrial toxins induce the destruction of 
mitochondria and reduce cell respiration and oxidative 
phosphorylation of compounds [14]. Thus, an abnormal 
alanine metabolism pathway would affect mitochon-
drial functions. Alanine was also sourced from acetic 
acid. We found that the gout group drank more alco-
hol than the healthy group, especially associated with 
gout attacks induced by spirits and beer, which needs 
to enter TCA cycle to be fully metabolized into carbon 
dioxide and water. The study revealed that the level 
of serum acetic acid was increased in the gout group, 
which may be related to the disorder of TCA cycle, and 
the increase in acetic acid can promote the deposition 
of uric acid crystals in various parts of the human body 
[15].

Relationship between lipid metabolism pathway and acute 
attack of refractory gout
The present study reported abnormal lipid metabolism 
is related to refractory gout recurrent attacks, which was 
related to the glycerophospholipid metabolism pathway 
and arachidonic acid metabolism pathway. Glycerophos-
pholipid is one of the most abundant phospholipids pre-
sent in the body. It is known to act as a biofilm. In fact, 
it is one of the ingredients of bile and membrane sur-
face-active substances. Glycerol, HDL, LDL, and phos-
phocholine are known to be involved in the glycerol 
phospholipid metabolism pathway. It has been previously 
reported that hypercholesterolemia and hypertriglyc-
eridemia synergistically affect reactive oxygen species 
(ROS) with uric acid, which further aggravates vascular 
endothelial cell injury and increases the risk of cardiovas-
cular and cerebrovascular accidents. HDL, which carries 
a variety of enzymes, globulin, microRNA, complement 
components, and heterogeneous lipoprotein of reactants 
in the acute phase [16], is known to act as a protective 
predictor of high uric acid levels in gout [17]. The pre-
sent study reported increased levels of glycerol, LDL, 
and phosphocholine in the gout group, while the levels 
of HDL were decreased, which indicated abnormal lipid 
metabolism in the patients.

It has been previously reported that abnormal lipid 
metabolism affects the sphingolipid metabolic path-
way. Previous studies revealed that excessive cholesterol 
intake in hamsters significantly increased the levels of 
serine palmitoyl transferase and ceramide in bile, which 
further suggested that cholesterol regulated the sphin-
golipid metabolic pathway [18]. In a previous study, 
Shang et al. reported increased levels of sphingolipid and 
ceramides in patients with acute gout, suggesting that the 
onset of gout was related to the sphingolipid metabolism 
pathway [19]. Acute onset of gout is known to be related 
to gout crystals that stimulate the formation of NALP3 
inflammasome by monocytes and promote the release 
of inflammatory factors, including Interleukin-2 (IL‐2) 
and tumor necrosis factor-α (TNF‐α), to act on joint 
synovium, which further causes inflammation expansion 
[20]. TNF‐α is an inflammatory factor that can stimulate 
the production of sphingolipid by the mitochondria. It 
has been previously reported that TNF‐α acts as a media-
tor of inflammatory responses and induces important cell 
signals in inflammatory pathways.

Glycerol phospholipid metabolism is known to disturb 
lipid metabolism in patients with gout, which involves 
arachidonic acid metabolism. Consequently, it promotes 
proliferation and induces inflammation. Lecithin choles-
terol acyltransferase (LCAT) usually degrades phospho-
choline (PC) to produce lysophosphatidylcholine (LPC). 
Lysophospholipase I (LYPLA1) can further degrade 
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lysophosphatidylcholine into glycerophosphocholine 
(GPC) and produces arachidonic acid and other fatty 
acids. The present study explored increased serum PC 
and GPC levels in patients with acute gout. A large num-
ber of studies have previously shown that arachidonic 
acid and other fatty acids are increased in patients with 
acute gout [21]. Arachidonic acid is known to be involved 
in the synthesis of prostaglandin (PGE2). Importantly, 
this might be related to caspase‐1 mediated activation of 
cycde‐2 (COX‐2), which has been previously reported to 
be involved in the synthesis of PGE2 through the release 
of IL‐1β, by the protein precursor [22]. In the present 
study, PGE2 was found to be elevated in patients with 
gout, which suggested that it might be a potential target 
for inflammatory storms.

This study’s results revealed that the intake of oils and 
beverages in the gout group was greater than that in 
the healthy group, which may be attributed to the fact 
that saturated fatty acids and triglycerides can cooper-
ate with uric acid crystallization and induce monocytes 
to promote the release of Interleukin-1β (IL‐1β) and 
Interleukin-8 (IL‐8), which in turn further promotes the 
chemotaxis of neutrophils. The present study reported 
that the patients were associated with higher fatty acid 
metabolism, and these results were consistent with the 
findings of previous studies [23]. Altogether, these results 
suggested that abnormal fatty acid metabolism might act 
as a potential target for the disease. The present study 
also reported a negative correlation between serum adi-
ponectin levels and serum uric acid, which might be 
related to the destruction of xanthine oxidase and other 
oxidants. It has been previously reported that adiponec-
tin could improve insulin resistance, resist arteriosclero-
sis, and regulate lipid metabolism. In patients with gout, 
it might exert an anti‐inflammatory effect. In a previous 
study, Chengfei et al. reported that adiponectin affected 
downstream inflammatory signaling pathways in patients 
with gout, through the Adipo R2 signaling pathway, 
which ultimately reduced the production and secretion 
of IL‐1β in inflammatory cells. Thus, it exhibited a dose‐
response relationship and played an anti‐inflammatory 
role in the inflammatory process of patients with gout 
[24].

Relationship between amino acid metabolic pathways 
and acute attack of refractory gout
The present study identified four abnormal amino acid 
metabolic pathways in refractory gout, which included 
metabolism of glycine, serine, and threonine, glutathione 
metabolism, aminoacyl tRNA biosynthesis, and biosyn-
thesis of valine, leucine, and isoleucine.

In general, glycine is synthesized from serine. Besides 
this, it can also be obtained from threonine, choline, or 

hydroxyproline [25]. At the same time, glycine can be 
decomposed into pyruvate and acetoacetic acid, which 
get translated into ɑ‐ketone glutaric acid. Both these 
compounds further participate in a tricarboxylic acid 
cycle and provide energy for the body. It has been pre-
viously reported that glycine exerted significant anti‐
inflammatory effects, which involved inhibition of 
activation of nuclear transcription factor NF‐κB, degra-
dation of IKB‐α, and production of Interleukin-6 (IL‐6) 
[26]. In the present study, increased levels of threonine, 
choline, serine, and glycine were reported in patients 
with gout, which suggested that abnormal metabolism of 
threonine, serine, and glycine might be associated with 
inflammatory stimulation, body dysfunction, and com-
pensatory effects that enhanced the anti‐inflammatory 
response of glycine. The study further reported increased 
serum and fecal glutamate levels in patients with gout. 
Importantly, glutamic acid, as an organic acid, can lead 
to metabolic acidosis and tissue damage. It is even known 
to affect renal acid‐base balance metabolism, which fur-
ther results in renal function damage [27]. In the present 
study, elevated creatinine levels were reported in patients 
with gout as compared to the healthy group, which 
indicated combined kidney damage. The raw materials 
involved in the synthesis of antioxidant glutathione are 
known to cause metabolic disorders of glycine and glu-
tamate that affect the glutathione metabolic pathway. 
Importantly, it has been previously shown that this path-
way can scavenge free radicals in the body and protect 
sulfhydryl groups in protein molecules [28].

The present study reported increased levels of phenyla-
lanine, aspartic acid, methionine, isoleucine, leucine, and 
threonine in patients with refractory gout, which sug-
gested abnormal metabolism of amino acids. This might 
be related to abnormal energy metabolism in patients 
with gout, which further leads to biosynthesis disorder of 
aminoacyl tRNA, and regulates inflammatory response 
[29].

Branched-chain amino acids (BCAAs) include isole-
ucine, leucine, and valine. The present study reported 
increased levels of isoleucine and leucine in the serum, 
while the levels of valine decreased, which indicated 
branch chain amino acid metabolism disorder in 
patients with an acute attack of gout. The metabolism of 
branched amino acids is known to be closely related to 
insulin resistance, lipid metabolism disorder, and anti‐
inflammatory response. In a previous study, Eri et  al. 
reported that BCAA increased postprandial plasma 
glucagon levels [30]. In another study, it was reported 
that patients with gout, whose isoleucine and leucine 
were elevated and associated with BMI and fasting glu-
cose [31], exhibited blood glucose abnormalities. This 
study’s results suggest that the BMI of the gout group 
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was higher than that of the healthy group, implying 
that obesity is associated with gout attack and possi-
bly the reduction of mitochondrial glucose utilization. 
In general, BCAAs can be transaminated to produce 
nitrogen, which is used for the synthesis of non‐essen-
tial amino acids, such as glutamine and alanine. The 
present study reported elevated levels of both these 
products. Alanine is generally used in protein synthe-
sis. Additionally, it is used as a precursor for hepatic 
gluconeogenesis. During starvation, alanine is gener-
ated from BCAAs in muscle, and it is transported to 
the liver, where it is used for the glucose–alanine cycle, 
which manufactures glucose to fulfill the energy needs. 
Elevated levels of BCAAs can also lead to an increased 
inflammatory response. In fact, a high concentration 
of BCAAs is known to promote oxidative stress and a 
pro‐inflammatory state of peripheral blood mononu-
clear cells [32]. Recent studies also reported elevated 
levels of BCAAs in rheumatoid arthritis patients [33]. 
BCAAs can be transaminated into glutamine and be 
docked with modifier of snc (MOS), which formed five 
hydrogen bonds with amino acid residues THR1010, 
ARG880 and GLU802. Thus, it prevents substrate xan-
thine entries into the active site and plays a competitive 
role in inhibiting xanthine oxidase (XOD) into uric acid 
[34]. The present study reported a significant increase 
in glutamine, suggesting that BCAAs could induce 
abnormal purine metabolism.

Conclusions
Altogether, there are some differences in the diet struc-
tures and lifestyle between refractory gout patients and 
healthy people, and the metabolites change tends to be 
involved in ammonia acyl tRNA biosynthesis, biosyn-
thesis of valine, leucine, and isoleucine, metabolism of 
alanine, glutamic acid, and aspartic acid metabolism, 
metabolism of glycine, serine, and threonine, phenyla-
lanine, glycolysis/sugar dysplasia, synthesis and degra-
dation of ketone body, d‐glutamine with d‐glutamine 
metabolism, citric acid cycle (TCA cycle), triglyceride 
metabolism, and others. It suggests that patients with 
refractory gout have mitochondrial energy metabolism 
disorders, resulting in abnormal glucose metabolism, 
lipid metabolism and amino acid metabolism. Therefore, 
it is recommended to adjust diets and exercise patterns to 
protect joints, promote uric acid elimination and reduce 
acute gout attacks.

The scope of this study was limited to serum examina-
tion, and future improvements can be made in exploring 
more specific metabolic pathways by examining metabo-
lites such as stool and urine.
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