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Abstract 1 

Background: Gut dysbiosis has been reported to be closely associated with gout. Fecal 2 

microbiota transplantation (FMT) has been considered as an effective way to restore 3 

the balance of gut microbiota. We aimed to evaluate the effects of FMT on serum uric 4 

acid levels, symptoms and the intestinal barrier function in patients with acute and 5 

recurrent gout.  6 

Methods: We performed a pilot study of FMT for acute and recurrent gout. The primary 7 

outcome was the changes in serum uric acid level on day 28 post-FMT and in gout 8 

symptoms by one year. The secondary outcomes included the changes in levels of urine 9 

uric acid, diamine oxidase (DAO), D-lactic acid and endotoxin on day 28 post-FMT. 10 

The levels of DAO, D-lactic acid and endotoxin were assessed by enzyme assay. 11 

Results: Eleven patients received FMT treatment. All the patients had a reduction in 12 

serum uric acid levels after FMT treatment (P < 0.05), accompanied with a decrease in 13 

the frequency and duration time of acute gout flares. The levels of DAO, D-lactic acid 14 

and endotoxin, reflecting the intestinal barrier function, were higher in patients with 15 

gout than in healthy donors (P < 0.05). After FMT treatment, the levels of DAO and 16 

endotoxin decreased (P < 0.05). 17 

Conclusions: FMT is effective for reducing serum uric acid levels and improving gout 18 

symptoms in patients with gout, and contributes to improve the impaired intestinal 19 

barrier function of the patients. 20 

Trial registration: Chinese Clinical Trial Registry, ChiCTR2000034584. Registered 21 

11 July 2020 - Retrospectively registered, 22 
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http://www.chictr.org.cn/showproj.aspx?proj=55871 1 
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Background 1 

Gout, the most common form of inflammatory arthritis, is a chronic urate crystal 2 

deposition disease [1]. Sustained hyperuricemia is the uppermost risk factor for gout, 3 

mainly caused by the overproduction and/or underexcretion of urate [1]. 4 

Underexcretion of urate is the primary cause of hyperuricemia for most patients with 5 

gout. The urate is mainly excreted through the kidney and intestine pathways, 6 

accounting for two thirds and one third of the total urate, respectively. In case of renal 7 

damage, the intestine pathway will compensatorily become the main pathway to 8 

eliminate urate [1].  9 

Gut microbiota, crucial for maintaining the homeostasis of the intestinal 10 

environment, is involved in the metabolism of the host [2]. It has been reported that the 11 

gut dysbiosis exists in patients with gout [3, 4], which leads to the abnormal metabolism 12 

of host purine and uric acid [5]. Manipulation of gut dysbiosis with probiotics alleviates 13 

fructose-induced hyperuricemia in mice, accompanied with the enhancement of 14 

intestinal barrier function [6]. Therefore, a possibility arises that the patients with gout 15 

will benefit from restoring a healthy gut microbiota. 16 

Fecal microbiota transplantation (FMT) has been regarded as a safe and effective 17 

way to restore a healthy gut microbiota, exhibiting remarkable clinical efficacy for 18 

Clostridium difficile infection, inflammatory bowel disease and other gut dysbiosis-19 

related diseases [7-10]. Recently, Han et al. conducted FMT in hyperuricemic mice, 20 

and found that serum uric acid levels reduced and uric acid excretion increased [11], 21 

demonstrating an ameliorating effect of FMT on hyperuricemia. They further found that 22 
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the expression of claudin-1 and occludin in these mice was increased, compared to that 1 

in hyperuricemic mice with renal injury [11]. These data indicate that FMT repairs 2 

intestinal integrity, which might function as one of the underlying mechanisms by 3 

which FMT alleviates hyperuricemia. Although the encouraging results from the animal 4 

experiments, whether FMT reduces the serum uric acid levels and improves gout 5 

symptoms in patients with gout and improves intestinal integrity in human remains 6 

unknown. 7 

In this pilot study, we aimed to evaluate the effects of FMT on serum uric acid 8 

levels, symptoms and the intestinal barrier function in patients with acute and recurrent 9 

gout. 10 

 11 

Methods 12 

1 Subjects 13 

This study was conducted in the First Affiliated Hospital of Guangdong Pharmaceutical 14 

University from June 2017 to June 2019. Written informed consent was obtained from 15 

all subjects or guardians. The study protocol was reviewed and approved by the Ethical 16 

Committee of the First Affiliated Hospital of Guangdong Pharmaceutical University 17 

(No. 201798). 18 

2 Inclusion and exclusion criteria 19 

Patients who met the following criteria were included in the study: 1) aged ≥ 18 years; 20 

2) diagnosed with gout according to the Clinical Gout Diagnosis Criteria [12]; and 3) 21 
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treated with uric-acid-lowering drugs for more than one year, but still with 1 

hyperuricemia and suffering from acute gout flares twice or more a year. The exclusion 2 

criteria were as follows: 1) pregnancy; 2) gastrointestinal infection, cardiopulmonary 3 

failure or serious liver diseases; and 3) rejection to conduct transendoscopic enteral 4 

tubing. There was no sex restriction. 5 

The healthy donors without kinship to patients with gout were included as the 6 

comparison group. All the donors were strictly screened by the selection criteria 7 

formulated by Zhang’s group [13, 14]. The exclusion criteria for the healthy donors 8 

were as follows: 1) a history of drug use during the last 3 months; 2) a history of 9 

infectious diseases (during the last 3 months), hereditary diseases, metabolic diseases, 10 

or any other diseases associated with alterations in gut microbiota; and 3) laboratory 11 

abnormalities. 12 

3 FMT procedure 13 

The fresh fecal microbiota suspension was prepared using the automatic purification 14 

system (GenFMTer, China). The prepared fresh fecal microbiota suspension was 15 

infused into the intestines of patients within 1 h after isolation, based on the “one-hour 16 

FMT protocol” [15]. Transendoscopic enteral tubing was employed to deliver the 17 

suspension through the lower digestive tract by colonoscope or through the upper 18 

digestive tract by gastroscope. Suspension (200 mL) was infused each time, every other 19 

day for 3 consecutive times as a course of treatment. During FMT, no adjustment was 20 

made to the drugs that patients had been taking for gout.  21 

After FMT, patients were followed up by telephone interview on days 7, 14, 21, 22 
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and 28 for the occurrence of adverse events (AEs), and days 90, 180 and 365 for the 1 

frequency and duration time of acute gout flares. 2 

4 Assays for uric acid, diamine oxidase (DAO), D-lactic acid and endotoxin 3 

For patients, assays for uric acid, DAO, D-lactic acid and endotoxin were performed on 4 

the day before FMT and on day 28 post-FMT. For donors, assays were performed on 5 

the day they donated fecal microbiota. The levels of serum and urine uric acid were 6 

determined using uric acid kit (Biosino Bio-technology and Science Inc, China) with 7 

an automatic biochemical analyzer (Hitachi, Japan), following the manufacture’s 8 

protocols. The levels of DAO, D-lactic acid and endotoxin were assessed by enzyme 9 

assay using the diamine oxidase, lactic acid, bacterial endotoxin assay kit 10 

(ZhongShengJinYu, China), according to the manufacture’s protocols. The tests were 11 

conducted on the analysis system of biochemical indicators of intestinal barrier function 12 

(JY-DLT, ZhongShengJinYu, China). 13 

5 Clinical outcomes 14 

The primary outcome was the changes in serum uric acid levels on day 28 post-FMT 15 

and the frequency and duration time of acute gout flares by one year. The secondary 16 

outcomes included the changes in levels of urine uric acid, DAO, D-lactic acid and 17 

endotoxin on day 28 post-FMT, and occurrent of AEs within 28 post-FMT. We graded 18 

the AEs according to the NCI Common Terminology Criteria for Adverse Events 19 

version 5.0, and classified the relation between AEs and FMT as unrelated, possibly, 20 

probably and definitely related [16]. 21 

6 Statistical Analysis 22 
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Normally distributed data were presented as mean ± standard deviation (SD), while 1 

non-normally distributed data were presented as median (interquartile range). 2 

Comparisons of the differences before and after FMT treatment were performed using 3 

paired-samples t-test for the normally distributed data, or Wilcoxon Signed Rank Test, 4 

otherwise. Comparisons of the differences between the patients and donors were 5 

performed using independent-samples t-test for the normally distributed data with equal 6 

variance, or Mann-Whitney U-test, otherwise. SPSS statistical package (version 19.0) 7 

was employed to perform all statistical analyses. P < 0.05 was regarded as statistical 8 

significance. 9 

 10 

Results 11 

1 The baseline data of patients with gout and donors 12 

Eleven patients with gout and six donors were included. The baseline characteristics of 13 

the patients and donors are exhibited in Table 1. All patients suffered from recurrent 14 

acute gout flares (2 - 5 times per year), and one patient had gouty tophi. In terms of 15 

comorbidities, all patients suffered from hyperuricemia; seven had nonalcoholic fatty 16 

liver disease, but none had kidney disease. 17 

2 Reduction of serum uric acid levels in patients with gout after FMT 18 

Serum uric acid levels in patients with gout before FMT was (592.54 ± 126.82) μmol/L, 19 

which were significantly higher than that in donors (Mann-Whitney U value = 0.000, 20 

P = 0.001; Fig. 1).  21 
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After FMT, the serum uric acid levels reduced in eight (72.73%) out of 11 patients. 1 

The averaged serum uric acid levels in patients reduced to (481.55 ± 119.77) μmol/L, 2 

which was significantly lower than that before FMT (t = 2.513, P = 0.031; Fig. 1), but 3 

still significantly higher than that in donors (Mann-Whitney U value = 11.000, P = 4 

0.031; Fig. 1). 5 

Urine uric acid test results before and after FMT were available in four of the 11 6 

patients. As shown in Table S1, the urine uric acid levels decreased in three patients but 7 

increased in one patient after FMT; there was no significant difference between the 8 

levels before and after FMT (2164.75 ± 1651.51 vs. 1773.00 ± 558.41, t = 0.706, P = 9 

0.531).  10 

3 Improvement of gout symptoms and occurrence of AEs after FMT 11 

All patients received FMT treatment for one to three courses: six for one course, four 12 

for two courses and one for three courses. The microbiota suspension was delivered 13 

through the lower digestive tract by colonoscope in eight patients, and through the 14 

upper digestive tract by gastroscope in three patients. All patients reported a decrease 15 

in the frequency and duration time of acute gout flares after FMT treatment. Two 16 

patients who experienced acute gout flares 2 - 3 times per year before FMT, reported 17 

no gout flares during the one-year follow-up after two or three courses of FMT.  18 

Two mild AEs, anal discomfort and abdominal distention, occurred during FMT 19 

and were resolved within one week. These AEs were classified as possibly related to 20 

FMT. No AEs occurred during the 28-day period of follow-up. 21 

4 Improvement of the impaired intestinal barrier function in patients with gout 22 
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after FMT 1 

As shown in Fig. 2, the levels of serum DAO, D-lactic acid and endotoxin in patients 2 

with gout were higher than those in donors, indicating the decline in intestinal barrier 3 

function in patients with gout. 4 

After FMT treatment, the levels of serum DAO and endotoxin in patients with gout 5 

were reduced (P < 0.05; Fig. 2A and C). D-lactic acid level decreased slightly, with no 6 

significant difference (t = 1.237, P = 0.244; Fig. 2B). In addition, there were no 7 

significant differences in the levels of serum DAO and endotoxin between patients with 8 

gout after FMT and the donors (Fig. 2A and C), indicating that the levels of serum DAO 9 

and endotoxin return to normal after FMT treatment. However, D-lactic acid levels in 10 

patients with gout after FMT was still obviously higher than that in donors (Mann-11 

Whitney U value = 3.000, P = 0.003; Fig. 2B). 12 

 13 

Discussion 14 

In this pilot study, we found that the serum uric acid levels in patients with acute and 15 

recurrent gout were reduced and their gout symptoms were improved after FMT 16 

treatment. We further found that their impaired intestinal barrier function was improved 17 

after FMT.  18 

Previous studies have demonstrated that gut microbiota plays a crucial role in 19 

degradation of uric acid [17], and gut dysbiosis is present in patients with gout [3, 4], 20 

which may lead to the decline in degradation of uric acid and the subsequent elevation 21 
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of serum uric acid level. Consistent with these studies, we found that serum uric acid 1 

was increased in all patients with acute and recurrent gout in our study.  2 

FMT has been considered as a safe and efficient way to manipulate gut dysbiosis 3 

[7-10]. In this study, we demonstrated that FMT reduced serum uric acid levels in 4 

patients with gout, which is similar to the observations of the effects of FMT in mice 5 

with hyperuricemia [11]. Moreover, all patients in our study reported decreased 6 

frequency and duration time of acute gout flares after FMT, suggesting that the clinical 7 

symptoms were improved and FMT might function as a new treatment option for gout 8 

patients. 9 

The primary cause of hyperuricemia for most people with gout is underexcretion of 10 

urate [1]. The kidney and intestine are the main excretion pathways of uric acid [2, 18]. 11 

In the present study, the urine uric acid levels in gout patients seemed to be unchanged 12 

after FMT treatment, suggesting that FMT might not affect the excretion of uric acid 13 

through the kidney, and the reduced serum acid levels after FMT might not be caused 14 

by the increased elimination through the kidney, but associated with an increased 15 

elimination through the intestine. However, the data on the urine uric acid levels before 16 

and after FMT were available only in four patients, and thus our observation needs to 17 

be confirmed in studies with more sample sizes. 18 

In the experiments in mice with hyperuricemia, it has been found that hyperuricemia 19 

damages the intestinal barrier function, leading to the increased intestinal permeability 20 

[19, 20]. In our present study, the levels of DAO, D-lactic acid and endotoxin in patients 21 

with gout increased, indicating the intestinal barrier function was impaired. Noticeably, 22 
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the levels of DAO and endotoxin in patients with gout reduced to a similar level with 1 

the donors after FMT administration in our study, suggesting that FMT treatment may 2 

restore the intestinal barrier function to the normal level. Based on the findings in the 3 

animal studies and our observation in the present study, we would propose that FMT 4 

administration might reduce serum uric acid levels in patients with gout via increasing 5 

the elimination uric acid by the rebalanced gut microbiota; the reduced uric acid level 6 

might contribute to the improvement of intestinal barrier function. 7 

The D-lactic acid level was elevated in patients with gout, which was only slightly 8 

decreased after FMT. Recently, Drabkin et al. found that a missense mutation in lactate 9 

dehydrogenase D (LDHD) led to the elevated levels of D-lactate, which resulted in 10 

hyperuricemia and gout ultimately [21]. A plausible explanation for the unchanged D-11 

lactic acid levels in the patients with gout after FMT observed in our study might be 12 

that the missense mutation in LDHD existed in the patients, leading to the elevated 13 

levels of D-lactic acid. FMT administration restored the balance of gut microbiota, but 14 

could not repair the missense mutation in LDHD. Thus, D-lactic acid remained at a high 15 

level even after FMT. Further investigation is required to confirm this assumption. 16 

Again, the relatively small sample size in our study might be another reason for the 17 

insignificant difference between D-lactic acid levels before and after FMT. 18 

Acute gout flare is initiated by activation of the NLRP3 inflammasome and the 19 

following release of mature IL-1β [1]. In the onset of acute gout flares, NLRP3 20 

inflammasome is activated by interaction between monosodium urate crystals and 21 

macrophages, which leads to the maturation of IL-1β through recruiting caspase 1 [22]. 22 



 13 

Lipopolysaccharides (LPS), also known as lipoglycans and endotoxins, have been 1 

reported to activate NLRP3 inflammasome and release the mature IL-1β through 2 

releasing endogenous ATP from monocytes, and the following activation of P2X7 3 

receptor [23]. LPS can also increase the expressions of NLRP3 protein and pro-IL-1β 4 

in macrophages [24]. Therefore, LPS may play a promoting role in the acute gout flares. 5 

In our study, we demonstrated that the endotoxin level in patients with gout was 6 

elevated. After FMT treatment, the endotoxin level returned to normal, accompanied 7 

with the reduced frequency and duration time of acute gout flares. These findings 8 

indicate that FMT contributes to the reduced acute gout flares, likely through pathways 9 

involving endotoxins. 10 

It has been reported that gut dysbiosis and the intestinal barrier impairment are both 11 

involved in the pathogenesis of many diseases [25-28]. However, it is unclear which of 12 

them acts as “cause” and which acts as “effect”. Whereas some studies report that gut 13 

dysbiosis affects the intestinal mucosal barrier [26-28], others demonstrate that the 14 

impaired intestinal barrier function as an initiating factor for gut dysbiosis [29-31]. 15 

Therefore, an interplay between gut dysbiosis and the intestinal barrier impairment may 16 

contribute to the development of diseases. Gut dysbiosis has been found existing in 17 

patients with gout [3, 4]. In this study, we demonstrated that the intestinal barrier 18 

function was impaired in patients with gout, which was improved after FMT. These 19 

observations indicate that an interplay or positive feedback between gut dysbiosis and 20 

the intestinal barrier impairment may contribute to the development of gout, and 21 

restoration of a healthy gut by FMT breaks the interplay or positive feedback, reduces 22 
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serum uric acid and improves the intestinal barrier function. 1 

A couple of limitations existed in this study. First, as mentioned earlier, the cohort 2 

size is small, with only 11 in gout group and six in donor group. The test results of the 3 

urine uric acid levels before and after FMT were available only for four patients, and 4 

thus the sample size was too small to reach the statistical significance and draw a 5 

conclusion. Second, all subjects included in this study were male, possibly because of 6 

the high prevalence of gout in men. It remains unknown whether FMT will show the 7 

similar efficacy in female patients. Third, there was no positive control group (i.e. 8 

patients with gout but without FMT) in the study. In the present study, no adjustment 9 

was made for drugs treating gout was made. It is unknown whether the alleviation in 10 

gout symptoms and the reduction in serum uric acid levels observed were solely 11 

resulted from FMT treatment, or a combination of the drugs and FMT. Therefore, large 12 

and well-designed clinical trials are necessary to verify the efficacy of FMT in patients 13 

with gout. In addition, further investigation on the alterations of the composition of gut 14 

microbiota in patients with gout before and after FMT, is required to determine the 15 

relationship among gut dysbiosis, serum uric acid and intestinal barrier function. 16 

 17 

Conclusions 18 

FMT is effective for reducing serum uric acid levels and improving gout symptoms in 19 

patients with gout. FMT contributes to improve the impaired intestinal barrier function 20 

of the patients.  21 
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FMT: Fecal microbiota transplantation; DAO: Diamine oxidase; AEs: adverse events; 3 

LDHD: lactate dehydrogenase D; LPS: Lipopolysaccharides 4 
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Table 1 The baseline data of patients with gout and donors 1 

 Patients with gout (n = 11) Donors (n = 6) 

Gender (Male/female) 11/0 6/0 

Age, year 41.00 ± 17.64 21.83 ± 2.14 

Course of disease, year 4 (2 - 10) 0 

Clinical symptoms (n) 

Recurrent acute gouty arthritis 11 0 

Gouty tophi 1 0 

Comorbidities (n) 

Hyperuricemia 11 0 

Nonalcoholic fatty liver disease 7 0 

Type 2 diabetes 4 0 

Hypertension 2 0 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 
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Figure legends 1 

Fig. 1 Reduction of serum uric acid levels in patients with gout after fecal 2 

microbiota transplantation (FMT). 3 

Serum uric acid levels of donors (n = 6) and patients with gout (n = 11) before and after 4 

FMT. Data are presented as mean ± standard deviation (SD).  5 

*, P < 0.05, and **, P <0.01, comparison as shown in the figure. 6 

 7 

Fig. 2 Improvement of the impaired intestinal barrier function in patients with 8 

gout after fecal microbiota transplantation (FMT). 9 

Serum levels of diamine oxidase (A), D-lactic acid (B) and endotoxin (C) in donors (n 10 

= 6) and in patients with gout (n = 11) before and after FMT. Data are presented as 11 

median (interquartile range) in (A) and (C), as mean ± standard deviation (SD) in (B).  12 

*, P < 0.05, and **, P <0.01, comparison as shown in the figures. 13 



Figures

Figure 1

Reduction of serum uric acid levels in patients with gout after fecal microbiota transplantation (FMT).
Serum uric acid levels of donors (n = 6) and patients with gout (n = 11) before and after FMT. Data are
presented as mean ± standard deviation (SD). *, P < 0.05, and **, P <0.01, comparison as shown in the
�gure.



Figure 2

Improvement of the impaired intestinal barrier function in patients with gout after fecal microbiota
transplantation (FMT). Serum levels of diamine oxidase (A), D-lactic acid (B) and endotoxin (C) in donors
(n = 6) and in patients with gout (n = 11) before and after FMT. Data are presented as median
(interquartile range) in (A) and (C), as mean ± standard deviation (SD) in (B). *, P < 0.05, and **, P <0.01,
comparison as shown in the �gures.
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