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Abstract 

Background  The pathogenic causes of primary gout include urate overproduction and/or renal or extra-renal urate 
underexcretion. The aim of this study was to evaluate the association of gout subtypes with the response to low-
purine diet (LPD).

Methods  This is a single-center prospective clinical study. Gout patients visiting from 2019 to 2022, from Shandong 
Gout Clinic Center at the Affiliated Hospital of Qingdao University, China, assigned to three groups according to clini-
cal subtypes, were enrolled and all treated with 2-week low-purine diet. General characteristics, serum uric acid (sUA) 
and other clinical biochemical variables before and after the diet were evaluated.

Results  A total of 626 gout patients (age 41.20 ± 13.41 years, male 98.0%) were included. Of these, 69 (11.0%) were 
overproduction type, 428 (68.37%) were underexcretion type, and 129 (20.61%) were combined type. Overall, there 
was a substantial decrease in sUA after a 2-week LPD (p < 0.001). In addition, systolic blood pressure (SBP), diastolic 
blood pressure (DBP), body mass index (BMI), serum alanine aminotransferase (ALT), serum aspartate aminotransferase 
(AST), serum triglycerides (TG), serum total cholesterol (TC), blood urea nitrogen (BUN) and serum creatinine (Scr) lev-
els were lower than those at baseline (p < 0.05). On the other hand, there were significant differences in the reduction 
of sUA among different types, the rank order being overproduction type (− 88.81 ± 63.01 μmol/L) > combined type 
(− 65.22 ± 44.13 μmol/L) > underexcretion type (− 57.32 ± 61.19 μmol/L). After adjusting for age, BMI and baseline sUA 
and eGFR, there were still significant differences in the decline of serum uric acid among different types. Higher base-
line sUA (95%CI − 0.285, − 0.191; p < 0.001) and BUN (95%CI − 6.751, − 0.602; p < 0.001) were correlated with greater 
decrease of sUA.

Conclusions  Our findings support the protective role of low-purine diet on sUA levels in gout patients, especially 
overproduction type. Furthermore, LPD could exert a beneficial effect on gout patients’ blood pressure, BMI, blood 
lipid, BUN and Scr levels.

Trial registration Registered with ChiCTR, No. ChiCTR1900022981 at 06/05/2019.
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Introduction
Gout is a heterogeneous disease caused by deposition 
of monosodium urate crystals, characterized as hyper-
uricemia (HUA), recurrent acute arthritis, gouty tophus 
sedimentation, chronic arthritis and joint deformity [1]. 
Many evidences showed that hyperuricemia and gout 
are independently risk factors for chronic kidney dis-
ease, hypertension, cardiovascular and cerebrovascular 
diseases and diabetes [2]. Recently, due to the change 
of living condition and peoples’ food structure, espe-
cially with the increasing consumption of high-purine 
food, such as seafood, broth and animal viscera, the 
prevalence of hyperuricemia and gout is significantly 
increasing [3–5]. Several European and North Ameri-
can studies reported gout prevalence in the range of 1.9 
and 3.9% [4], and prevalence of HUA and gout in China 
was 13.3% and 1.1%, respectively [6].

It is commonly accepted that two-thirds of the urate 
is excreted from the kidney into urine via the ‘renal 
excretion’ pathway, and the remaining one-third via the 
‘extra-renal excretion’ pathway [7]. Taking extra-renal 
urate excretion into account, the current classification 
of hyperuricemia and gout is based on patients’ uri-
nary urate excretion (UUE) and fractional excretion of 
urate clearance (urate clearance/creatinine clearance 
ratio, FEUA). Previous studies have shown that the type 
of hyperuricemia classification might affect the cura-
tive effect of urate-lowering therapy [8–10]. Our lat-
est study also indicated for patients of renal uric acid 
underexcretion type, benzbromarone had superior 
urate-lowering compared to Febuxostat [11].

Gout is related to heredity, environment, race, dietary 
and lifestyle factors. Long-established dietary risk fac-
tors, including meat, seafood, alcohol, sweet food, fruc-
tose beverage, is known to play an important role in 
HUA and gout [1, 12–15]. Diet adjustment has become 
a supplement to drug treatment of gout patients. It was 
reported that simple dietary regimens may be benefi-
cial to gout patients [16]. A cohort study convincingly 
demonstrated that vegetarians, who avoiding purine-
rich meat and seafood, while consuming more vegeta-
bles, whole grains, seeds and nuts [17, 18], experienced 
a lower risk of gout (without adjustment for hyper-
uricemia: HR: 0.33; 95%CI 0.14, 0.79; with adjustment 
for hyperuricemia: HR: 0.40; 95%CI 0.17, 0.97) [19]. 
Previous investigations indicate that sUA level of HUA 
patients decreased by 60–120 μmol/L on average after 
the intervention of purine-free diet for 7–10 days [20]. 
So far, it was unclear that effect of low-purine loading 
test on sUA of gout patients based on different clini-
cal types. Thus, the present study aims to evaluate the 
effect of low-purine diet on sUA and other biochemical 
indexes levels of gout patients in different clinical types 

and provide evidence-based solutions for doctors and 
patients.

Materials and methods
Participants
Adult primary gout patients were recruited from 2019 
to 2022. The diagnostic criteria of gout refer to the clas-
sification criteria of gout jointly developed by ACR/
EULAR in 2015 [3]. Any patients with severe malnutri-
tion, tumors, serious kidney, liver, or heart diseases, his-
tory of standardized urate-lowering therapy (ULT), or an 
acute gout attack within two weeks were excluded. The 
patients were divided into three clinical types according 
to the FEUA and UUE: (1) urate ‘overproduction’ type: 
UUE > 600  mg/d/1.73  m2 and FEUA ≥ 5.5%; (2) ‘underex-
cretion’ type: UUE ≤ 600 mg/d/1.73  m2 and FEUA < 5.5%; 
(3) ‘combined’ type: UUE > 600  mg/d/1.73  m2 and 
FEUA < 5.5% [3, 20, 21]. Written informed consent was 
obtained from all participants.

Study design
The single-center prospective cohort study was con-
ducted in Shandong Gout Clinic Center in the Affiliated 
Hospital of Qingdao University. The study was approved 
by the Ethics Committee of the Affiliated Hospital of 
Qingdao University (QYFY WZLL 26607) and regis-
tered at the China Clinical Trial Registration Center (No. 
ChiCTR1900022981) at 06/05/2019.

Before the study participants attended group and indi-
vidual meetings for a detailed explanation of the study 
design and diet requirements. Each patient was given a 
low-purine diet tailored by a nutritionist. The low-purine 
diet in this experiment aims to limit the purine content 
in food to below 200  mg per day. The recommended 
diet is low in fat (up to 30% of total caloric value), high 
in carbohydrates, low in protein (0.8 g/kg/day), and lim-
ited in the consumption of foods high in purines (100–
1000 mg/100 g). These foods include viscera, consommé, 
meat extract, fish (like herring, mackerel, and sardines), 
mussels, anchovies, alcoholic beverages, yeast, foods con-
taining eggs and yeast, and partridge. It is also advisable 
to limit consumption of foods with moderate purine con-
tent (9 to 100  mg per 100  g), including meats, seafood, 
and certain vegetables. Additionally, it is recommended 
to avoid foods high in oxalates, such as dark green veg-
etables, cauliflower, beet/chard, beetroot, eggplant, okra, 
sweet potatoes, chestnuts, coconuts, wheat germ, toma-
toes, asparagus, mushrooms, strawberries, whole wheat 
cereals, quince marmalade, and chocolate. The recom-
mended daily liquid intake is 2.5 to 3.5 L [22]. All patients 
were expected to under low-purine diet for 2 weeks and 
underwent a follow-up visit to evaluate the effects of the 
low-purine loading on biochemical tests. The compliance 
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to the diet intervention was assessed during the follow-
up visit by asking the patients and questionnaire. Patients 
were also advised to do regular moderate-intensity exer-
cise (≥ 30  min a day) for both normal-weight and over-
weight. Patients were required not to take urate-lowering 
drugs and/or drugs affecting serum urate for 2  weeks. 
It should be specifically noted that although the popu-
lation of the current study overlaps with that of other 
cohort studies conducted by the same group, there was 
no noninterference between interventions because other 
research interventions, such as oral urate-lowering drugs, 
were conducted carried out after the completion of the 
current study.

Data collection
The general information including gender, age, occupa-
tion, smoking and drinking habits, onset age, attack fre-
quency, comorbidity, family history of gout, medication 
history were collected at the baseline visit (PRE).

Before and after LPD, height, weight, systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) were 
measured with unified tools and standard measurement 
methods. The biochemical parameters, such as sUA, 
ALT, AST, FPG, TG, CH, BUN, Scr, creatinine clear-
ance rate (Ccr), urine creation (Cr-U) and urine uric acid 
(UA-U) were collected by automatic biochemical ana-
lyzer (Roche Cobas C501). Body mass index (BMI) was 
calculated as weight (kg) divided by height (m) squared. 
The estimating glomerular filtration rate (eGFR) was cal-
culated followed the modified MDRD equation. The cre-
atinine clearance rate (Ccr) were used to assess the renal 
function [Cockcroft–Gault (CG) equation, Ccr = (140-
age) × body weight (kg)/0.818 × Scr (μmol/L)]. The FEUA 
(uU/uCr × sCr/sUA × 100%) and UUE (uU × 24  h uri-
nary volume/(0.0061 × height (cm) + 0.0128 × weight 
(kg) − 0.1529) × 1.73 (mg/d/1.73  m2)) were tested using 
24-h urine samples.

Outcomes
The main outcomes were the change of sUA level in sub-
groups after 2  weeks low-purine diet. The physical and 
chemical indicators (SBP, DBP, BMI, TG, TC, liver and 
kidney function, etc.) were the secondary endpoints. 
Associations of change of sUA and clinical variables were 
analyzed.

Statistical analysis
Statistical analysis was performed using SPSS 25.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). Data were tested for 
normal distribution using the Shapiro–Wilk test and for 
equality of variances when needed (Levene’s test). For 
continuous variables, the results were described as the 
mean ± standard or median (25–75th percentile), while 

the categorical variables were described as percent-
ages (%). A one-way analysis of variance (ANOVA) or 
Kruskal–Wallis ANOVA was used for continuous varia-
bles and a Chi-square test was used to assess the distribu-
tion of categorical variables. Differences of measurement 
data inside group were compared with paired samples 
t-test or Wilcoxon rank-sum test, a one-way analysis 
of variance (ANOVA) or Kruskal–Wallis ANOVA was 
used to compare among groups. The baseline sUA level 
was corrected by covariance analysis to obtain the uric 
acid level after the test. Multiple stepwise linear regres-
sion was used to analyze the independent risk factors of 
uric acid change (end-of-period minus baseline) between 
baseline and follow-up with BMI, family history, aver-
age weekly exercise, daily water quantity, tophi, sUA and 
other biochemical indexes levels at baseline being inde-
pendent variables and variation of sUA level (ΔsUA) 
being dependent variables, respectively. A p value < 0.05 
was defined as statistically significant.

Results
Baseline population characteristics
During the low-purine diet, 43 patients failed to com-
plete the course and 26 patients were lost to follow-up. 
Ultimately, 626 participants (69 in the overproduction 
type, 428 in underexcretion type and 129 in the com-
bined type) completed the study and were included in the 
outcome analyses (Fig. 1).

Table 1 shows clinical characteristics of the total gout 
patients. Mean age and BMI were 41.20 (± 13.41) year 
and 27.53 (± 3.63) kg/m2. Most of the total 626 sub-
jects were males (98%). 41.5% of the patients with gout 
reported a history of smoking, 65.8% of them reported 
a history of drinking alcohol and 17.6% had tophi. The 
combined type has been characterized by a higher base-
line BMI, sUA and eGFR than other two types. We also 
observed younger age  in combined type than overpro-
duction type but did not differ from underexcretion type. 
TC was observed to be highest in overproduction type, 
which was significantly higher than underexcretion type, 
but did not reach statistical significance from combined 
type.

Comparison of outcome measures and clinical 
characteristics in total population
Overall, SBP, DBP, BMI, ALT, AST, TG, TC, Scr, BUN and 
sUA of 626 gout patients were decreased significantly 
after 2-week low-purine diet. Serum urate dropped from 
576.43 ± 91.29 μmol/L to 514.01 ± 88.17 μmol/L (Table 2).

Comparison of primary outcomes in subtypes
After two weeks of low-purine diet, we observed that 
sUA were significantly decreased in overproduction 
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type, underexcretion type, and combined type with 
mean change value of 88.81 ± 63.01, 57.32 ± 61.19, 
65.22 ± 44.13  μmol/L, respectively (Table  3, Fig.  2). The 
reduction of sUA in overproduction type was signifi-
cantly greater than that in underexcretion type and the 
combined type (p < 0.001; p < 0.05), but there was no sig-
nificant difference between underexcretion type and the 
combined type (p > 0.05). Age, BMI and baseline sUA and 
eGFR have a great influence on level changes, but after 
adjusting for age, BMI, sUA and eGFR, we still found sta-
tistically significant differences in sUA decline among dif-
ferent types.

Comparison of secondary outcomes in subtypes
FPG slightly increased by 0.35 ± 1.38 mmol/L in over-
production type and decreased by 0.10 ± 0.72  mmol/L 
in underexcretion type and 0.02 ± 0.68  mmol/L in com-
bined type. However, there was no statistically significant 

difference between underexcretion type and the com-
bined type. The serum TG concentration decline in over-
production type and combined type was greater than 
that in underexcretion type (0.31 vs. 0.07  mmol/L; 0.25 
vs. 0.07  mmol/L, p < 0.01 for both), but the difference 
between overproduction type and combined type was 
not statistically significant (p > 0.05). In terms of renal 
function, there was no significant difference in BUN, Scr 
and eGFR before and after 2-week low-purine diet in 
patients with above types (p > 0.05).

Analysis of influence factors of change of uric acid levels
For the whole population and overproduction type, lin-
ear stepwise regression analysis showed that the factors 
associated with decrease in sUA levels after 2-week LPD 
were baseline sUA (standardized β − 0.368, p < 0.001 and 
standardized β − 0.604, p < 0.001, respectively) and BUN 
levels (standardized β − 0.087, p = 0.019 and standardized 

Fig. 1  Flow diagram of the participants included in the study. The types of gout patients are based on patients’ urinary urate excretion (UUE) 
and fractional excretion of urate clearance (urate clearance/creatinine clearance ratio, FEUA)
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β − 0.230, p = 0.022, respectively). For underexcretion 
type, baseline sUA (standardized β − 0.309, p < 0.001), 
BUN (standardized β − 0.138, p = 0.002) and ALT (stand-
ardized β − 0.116, p = 0.013) levels were independent pre-
dictors of ΔsUA while the only independent predictor in 
combined type was baseline sUA (standardized β − 0.400, 
p < 0.001). The whole patients and all the four types have 

common influencing factor—baseline sUA, although they 
have respective unique factors (Table 4).

Discussion
Lifestyle interventions are commonly used in the 
management of HUA and gout, although the evi-
dence and extent of their benefits has not been proved 

Table 1  Baseline characteristics of all the subjects

Blood pressure normal refers to systolic blood pressure 90–139 mmHg and diastolic pressure 60–89 mmHg, elevated refers to systolic blood pressure ≥ 140 mmHg 
or diastolic blood pressure ≥ 90 mmHg. Fasting glucose normal refers to 3.9–6.1 mmol/L, elevated refers to > 6.1 mmol/L. Hepatic function normal refers to alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) 10-40U/L, abnormal refers to ALT or AST > 40U/L. p-values were calculated by one-way ANOVA or 
Kruskal–Wallis ANOVA for continues variables and Chi-square (Bonferroni adj. p‐value) for categorical variables. *p < 0.05 was considered statistically significant. 
#p < 0.017 was considered statistically significant

Total Type p-value

Overproduction 
type 1

Underexcretion 
type 2

Combined type 3 1 vs 2 1 vs 3 2 vs 3

General characteristics

 N 626 69 428 129

 Age (year) 41.20 ± 13.41 45.80 ± 13.55 41.09 ± 13.51 39.12 ± 12.44 0.003 0.020* 0.002* 0.421*

 Body mass index 
(kg/m2)

27.53 ± 3.63 27.75 ± 3.67 27.13 ± 3.52 28.71 ± 3.72 < 0.001 0.541* 0.218* < 0.001*

 Family history 
of gout (%)

247 (39.5) 27 (39.1) 175 (41.1) 45 (34.9) 0.450

Lifestyles

 Smoking history (%) 260 (41.5) 29 (42.0) 167 (39.0) 64 (49.6) 0.101

 Drinking history (%) 412 (65.8) 43 (62.3) 286 (66.8) 83 (64.3) 0.707

Coexisting conditions

 Hypertension (%) 120 (19.2) 25 (36.2) 71 (16.6) 24 (18.6) 0.001 < 0.001# 0.006# 0.340#

 Diabetes (%) 13 (2.1) 2 (2.9) 9 (2.1) 2 (1.6) 0.816

 Cardiovascular 
disease (%)

14 (2.2) 3 (4.3) 9 (2.1) 2 (1.6) 0.423

 Hyperlipidemia (%) 125 (20.0) 17 (24.6) 81 (18.9) 27 (20.9) 0.520

 Chronic kidney 
disease (%)

2 (0.3) 0 (0.0) 1 (0.2) 1 (0.8) 0.560

 Urinary calculi (%) 43 (6.9) 8 (11.6) 24 (5.6) 11 (8.5) 0.138

 Tophus (%) 110 (17.6) 21 (30.4) 67 (15.7) 22 (17.1) 0.011 0.004# 0.024# 0.398#

 Obesity/overweight 
(%)

486 (77.6) 54 (78.3) 318 (74.3) 114 (88.4) 0.003 0.294# 0.048# < 0.001#

Blood pressure

 SBP (mmHg) 137.04 ± 17.74 142.83 ± 19.06 135.64 ± 16.97 138.60 ± 18.85 0.004 0.005* 0.326* 0.284*

 DBP (mmHg) 86.68 ± 12.21 90.54 ± 12.44 86.01 ± 11.67 86.85 ± 13.45 0.016 0.013* 0.127* 1.000*

Blood chemistry parameters

 ALT (U/L) 28.00 (19.00, 43.00) 27.50 (18.25, 36.00) 27.00 (19.00, 39.00) 33.00 (23.00, 48.00) 0.295

 AST (U/L) 21.00 (18.00, 27.00) 20.50 (18.00, 26.75) 21.00 (18.00, 26.00) 23.00 (18.00, 29.00) 0.276

 FPG (mmol/L) 5.67 ± 0.87 5.85 ± 1.19 5.62 ± 0.79 5.72 ± 0.92 0.115

 TG (mmol/L) 1.89 (1.31, 2.71) 1.96 (1.28, 2.67) 1.77 (1.29, 2.58) 2.17 (1.47, 3.03) 0.070

 TC (mmol/L) 4.95 ± 0.96 5.23 ± 1.07 4.84 ± 0.93 5.08 ± 0.97 0.004 0.011* 0.851* 0.094*

 BUN (mmol/L) 4.94 ± 1.40 5.25 ± 1.52 4.86 ± 1.43 5.04 ± 1.21 0.068

Scr (μmol/L) 84.66 ± 13.82 87.62 ± 17.24 84.77 ± 13.36 82.71 ± 13.86 0.056

eGFR 
[mL min−1 (1.73 m2)−1]

95.91 ± 19.96 89.46 ± 17.11 95.46 ± 17.97 100.188 ± 25.78 < 0.001 0.058* < 0.001* 0.019

 sUA (μmol/L) 576.43 ± 91.29 562.59 ± 99.37 569.16 ± 85.39 607.92 ± 97.58 < 0.001 1.000* 0.002* < 0.001*
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emphatically [23, 24]. Our study found that 2-week 
low-purine diet decreased serum uric acid levels, and 
the changes were dependent on clinical subtypes, 
which might provide some evidence for dietary modifi-
cation in patients with gout.

The suspicion that there is a link between purine-rich 
diets and gout has been based on metabolic experiments 
in animals and humans that examined the effect of the 
artificial short-term loading of purified purine on the 
sUA level. A random, stratified cluster sampling survey in 

Table 2  Comparison of parameters before and after 2-week LPD in total patients

Data are expressed as the mean ± SD, median (quartile)

sUA serum uric acid, SBP systolic blood pressure, (1 mmHg = 0.133 kPa), SDP diastolic blood pressure, (1 mmHg = 0.133 kPa), BMI body mass index, ALT serum alanine 
aminotransferase, AST serum aspartate aminotransferase, FPG fasting plasma glucose, TG serum triglyceride, TC serum total cholesterol, BUN blood urea nitrogen, Cr 
serum creatinine, eGFR = glomerular filtration rate

PRE Week 2 t/Z p-value

SBP (mmHg) 137.04 ± 17.74 133.28 ± 16.66 6.973 < 0.001

DBP (mmHg) 86.68 ± 12.21 84.42 ± 11.82 5.985 < 0.001

BMI (kg/m2) 27.53 ± 3.63 27.35 ± 3.51 4.625 < 0.001

ALT (U/L) 28.00 (19.00, 43.00) 26.00 (19.00, 41.00) − 4.793 < 0.001

AST (U/L) 21.00 (18.00, 27.00) 20.00 (17.00, 26.00) − 5.239 < 0.001

FPG (mmol/L) 5.67 ± 0.87 5.63 ± 0.83 1.483 0.139

TG (mmol/L) 1.89 (1.31,2.71) 1.64 (1.19, 2.45) − 5.111 < 0.001

TC (mmol/L) 4.95 ± 0.96 4.89 ± 0.96 2.886 0.004

BUN (mmol/L) 4.94 ± 1.40 4.37 ± 1.27 12.286 < 0.001

Scr (μmol/L) 84.66 ± 13.82 83.63 ± 13.59 2.552 0.011

sUA (μmol/L) 576.43 ± 91.29 514.01 ± 88.17 26.453 < 0.001

eGFR [mL min−1 (1.73 m2)−1] 95.91 ± 19.96 96.67 ± 20.28 − 1.753 0.080

Table 3  Comparison of parameters during the test in 3 types

Data are expressed as the mean ± SD, median (quartile)

NS no significance, p > 0.05
† p-values are from one-way ANOVA and Kruskal–Wallis ANOVA, accompanying correspond to post hoc multiple comparison test (Bonferroni adj.) performed if 
significant ANOVA p-values

Overproduction type 1
n = 69

Underexcretion type 2
n = 428

Combined type 3
n = 129

p-value†

1 vs 2 1 vs 3 2 vs 3

ΔsUA (μmol/L)

 Unadjusted − 88.81 ± 63.01 − 57.32 ± 61.19 − 65.22 ± 44.13 < 0.001 0.021 NS

 Adjusted for age − 89.94 ± 7.06 − 57.29 ± 2.82 − 64.71 ± 5.14 < 0.001 0.012 NS

 Adjusted for BMI − 88.59 ± 7.01 − 57.69 ± 2.83 − 64.07 ± 5.19 < 0.001 0.015 NS

 Adjusted for sUA − 92.27 ± 6.49 − 59.13 ± 2.61 − 57.34 ± 4.80 < 0.001 < 0.001 NS

 Adjusted for eGFR − 87.73 ± 7.06 − 57.24 ± 2.82 − 66.05 ± 5.16 < 0.001 0.042 NS

ΔSBP (mmHg) − 4.58 ± 14.38 − 4.38 ± 13.14 − 1.26 ± 14.02 NS

ΔDBP (mmHg) − 2.48 ± 10.58 − 2.61 ± 8.83 − 0.98 ± 10.60 NS

ΔBMI (kg/m2) 0.00 (− 0.34, 0.00) 0.00 (− 0.34, 0.00) 0.00 (− 0.34, 0.00) NS

ΔALT (U/L) 0.00 (− 6.00, 9.00) − 1.00 (− 8.00, 3.00) − 4.00 (− 11.00, 3.00) NS

ΔAST (U/L) 0.00 (− 4.00, 3.00) − 1.00 (− 4.00, 2.00) − 1.00 (− 4.50, 1.00) NS

ΔFPG (mmol/L) 0.35 ± 1.38 − 0.10 ± 0.72 − 0.02 ± 0.68 < 0.001 0.007 NS

ΔTG (mmol/L) − 0.31 (− 0.81, 0.13) − 0.07 (− 0.53, 0.34) − 0.25 (− 0.83, 0.12) 0.008 NS 0.004

ΔTC (mmol/L) − 0.17 ± 0.72 − 0.05 ± 0.58 − 0.09 ± 0.57 NS

ΔBUN (mmol/L) − 0.32 ± 1.13 − 0.63 ± 1.17 − 0.51 ± 1.11 NS

ΔScr (μmol/L) 0.11 ± 15.82 − 0.70 ± 12.58 1.25 ± 13.07 NS

ΔeGFR [mL min−1 (1.73 m2)−1] 0.72 ± 14.44 0.43 ± 10.33 1.85 ± 9.72 NS
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the Shandong coastal cities of eastern China found urban 
residents had much higher prevalence of hyperuricemia 
than rural residents due to their much more daily con-
sumption of meat and seafood [25].

Previous studies have demonstrated a low-purine diet 
will reduce serum uric acid, but whether a low-purine 
diet is beneficial to a specific classification was rarely 
reported. The main purpose of this study was to evalu-
ate a 2-week purine-restricted diet test on uric acid level 
of gout patients in different classifications in a real-world 
setting, taking into account possible influencing fac-
tors (i.e., age, BMI, original uric acid level, etc.). In this 
study, diet led to decreased levels of sUA which dropped 
from 579.11 ± 90.73  μmol/L to 514.53 ± 87.61  μmol/L, 
reducing sUA by approximately 64.58  μmol/L (11.2%). 
This result is basically consistent with  that  in  previ-
ous researches, of which rich-purine diet produced a rise 
of serum uric acid by about 60–120 µmol/L and an iso-
caloric purine-free diet lower serum uric acid by about 
60–120  µmol/L for 7–10  days [14, 26]. As expected, 

gout patients of overproduction type decreased mostly 
in this study (− 93.61 ± 61.12  μmol/L), followed by 
patients with combined type (− 69.08 ± 62.16  μmol/L), 
and patients with underexcretion type benefit the least 
(− 59.19 ± 41.06  μmol/L). Thus, we suggest that the 
overproduction type patients can benefit the most from 
dietary treatment. Excessive endogenous production 
and exogenous intake of purines are the main causes of 
elevated uric acid in patients with overproduction type. 
Inchida and Matsuo found that the decrease in urate 
exporter ABCG2 function in hyperuricemic patients is 
associated with the increase of UUE and frequency of 
overproduction hyperuricemia [21]. The administration 
of an oral purine load to humans can increase the sUA 
level by 1.0–2.0 mg/dL (59–118 µmol/L) within 24 h [27, 
28]. The Dutch Nutritional Surveillance Study suggested 
that, in women, higher consumption of meat and fish was 
associated with increased sUA level [29]. The results of 
the Third National Health and Nutrition Examination 
Survey showed that the higher the intake of high-purine 
foods such as total meat, pork and beef, processed meat, 
fish and seafood, the higher the blood uric acid level [30]. 
It can be seen that implementing low-purine dietary 
intervention and limiting exogenous purine intake has 
the greatest benefit in reducing uric acid in gout patients 
with overproduction type.

Meanwhile, the 2-week low-purine diet resulted in 
reduction of plasma levels of TG, TC, BUN and Scr, con-
sistent with past research of Cardona Fernando et al. [31], 
which were influenced by both diet and the allele X2 of 
XmnI polymorphism of apolipoprotein AI gene. A cross-
sectional data from a large-scale cohort study in China 
has revealed that the Dietary Approaches to Stop Hyper-
tension (DASH) diet was associated with a low likeli-
hood of having hyperuricemia in Chinese adults [32]. The 

Fig. 2  Changes of serum uric acid of total and different types. Type I: 
overproduction type, Type II: underexcretion type, Type III: combined 
type. Data are expressed as mean and standard error of mean (SEM). 
*p < 0.05, **p < 0.01 and ***p < 0.001

Table 4  Multiple stepwise linear regression analysis

ΔsUA sUAweek 2 − sUApre, LPD low-purine diet

Dependent variable Independent 
variable (before 
LPD)

β t p 95%CI Model

Total ΔsUA sUA − 0.368 − 9.908 < 0.001 − 0.285, − 0.191 After adjustment
R2 = 0.148; F = 5.513
p < 0.001

BUN − 0.087 − 2.348 0.019 − 6.751, − 0.602

Overproduction type sUA − 0.604 − 6.170 < 0.001 − 0.487, − 0.249 After adjustment
R2 = 0.366; F = 5.496
p < 0.001

BUN − 0.230 − 2.344 0.022 − 1.417, − 17.710

Underexcretion type sUA − 0.309 − 6.615 < 0.001 − 0.288, − 0.156 After adjustment
R2 = 0.149; F = 6.199
p < 0.001

BUN − 0.138 − 3.053 0.002 − 9.713, − 2.105

ALT − 0.116 − 2.490 0.013 − 0.565, − 0.066

Combined type sUA − 0.400 − 0.419 < 0.001 − 0.245, − 0.108 After adjustment
R2 = 0.153; F = 9.183
P < 0.001
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DASH diet encompasses many of the content in accord-
ance with low-purine diet, implying the similar dietary 
pattern for reducing blood pressure. There is a strong 
association between hyperuricemia/gout and overeating, 
obesity and insulin resistance syndrome (IRS) [15, 33, 34]. 
Actually, a previous study reported that in 5 coastal cit-
ies of Shandong province in Eastern China, 58.6% of the 
hyperuricemic subjects were overweight or obese, while 
only 18.2% of the normal subjects showed overweight or 
obesity (OR = 2.53, 95%CI 2.14–2.98, p < 0.001) [25]. In 
this study, we found that 86.3% of the gout subjects were 
overweight or obese. Obesity is associated with both 
increased production and decreased renal excretion of 
urate [14]. Obese patients often have insulin resistance. 
If there is a significant impairment of glucose tolerance, 
improving insulin resistance through low-energy diet 
or insulin sensitizer can reduce the sUA level of over-
weight patients [35]. In this study, the 2-week low-purine 
diet slightly decreased BMI (27.48 ± 3.50 to 27.29 ± 3.40, 
p < 0.001) and blood pressure (SBP: 136.33 ± 17.28 to 
132.90 ± 16.45; DBP: 86.27 ± 12.07 to 83.83 ± 11.63, p for 
all < 0.001), indicating the potential benefit of low-purine 
diet in improving BMI and blood pressure. Subgroup 
analysis showed the different effects of LPD on glucolipid 
metabolism in patients with different clinical types. 
However, probably due to the short observation time 
and insufficient sample size in this study, the changes in 
the above indicators were small, and subsequent expan-
sion of the sample size and extended follow-up time is 
required for in-depth research.

Our study found that baseline sUA level was an inde-
pendent predictor in all types which is strongly consist-
ent with the finding of Juraschek et  al. reporting that 
baseline sUA concentrations were positively correlated 
(B > 0) with the urate-lowing effect of low-purine diet 
[36]. Notably, ALT is a common factor for total and 
underexcretion type patients, suggesting liver function 
may affect the reduction of sUA after low-purine diet. 
Previous research data show that ALT can reflect the 
severity of fat deposition in the liver [37], and is one of 
the markers of nonalcoholic fatty liver disease (NAFLD). 
A recent case–control study found that the sUA level in 
the NAFLD group was higher than that of the control 
group, and the NAFLD stage was positively correlated 
with the sUA level [38]. Therefore, we speculated that 
patients with poorer basal liver function and NAFLD had 
higher levels of sUA and more pronounced improvement 
in uric acid after a low-purine diet. In addition, for total, 
overproduction type, and underexcretion type patients, 
the higher the baseline BUN level, the more obvious the 
decrease in uric acid after a low-purine diet. It is known 
that renal function is an important factor affecting the 
change of uric acid [39]. However, we did not find that 

Scr and eGFR are independent predictors that affect the 
changes of uric acid in patients after low-purine diet, and 
these need to be further studied.

An observational study found that a strict purine-free 
diet will reduce the sUA by 15–20% [40]. However, it 
is difficult to stick to a strict purine-free diet for a long 
time. Moderate intake of purine rather than a strict 
purine-free diet may improve patient compliance and 
help to reduce uric acid [15, 33, 40]. Unfortunately, there 
are few studies on low-purine foods at present, including 
the mechanism and function of processing technology, 
the interaction between nutritional components, and the 
removal method of food purine, etc. Actively carrying 
out research in this area will improve the quality of life 
of patients with hyperuricemia and gout, improve patient 
compliance and the effect of dietary intervention, which 
has important medical significance.

There are several limitations of our study. The study is 
a single center, single race that should be confirmed in 
multiple centers. And the study lacks a separate control 
group, with a relatively small sample size of the overpro-
duction type, and a relatively short duration of the trial 
(2 weeks). They will be taken into consideration in future 
research.

Conclusions
We have demonstrated that the improvement of serum 
uric acid level with gout patients has been recorded after 
a 2-week low-purine diet, especially overproduction 
type. We speculate that there is potential influence of 
clinical classification on the response to LPD in patients 
with primary gout, but the mechanisms deserve further 
investigation.
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