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Abstract. The formation and physicochemical properties of 
kidney stones (KSs) are closely associated with diet. In view of 
the differences in ethnicity and dietary composition between 
Chinese and Western populations, the present study aimed to 
investigate the association between intestinal dysbacteriosis 
and KSs in China. The current study examined the differences 
in intestinal microbes between the KS disease (KSD) and the 
healthy control (HLT) groups, and statistically significant 
differences based on 16s rRNA gene amplicons were identi‑
fied using a Student's t‑test or one‑way ANOVA. In addition, 
the calcium oxalate KS (COKS), uric acid KS (UAKS) and 
carbonate apatite KS(CCKS) groups were compared with 
a non‑parametric statistical test. Determination of bacte‑
rial abundance was performed via the analysis of 16s rRNA 
marker gene sequences using next‑generation sequencing. 
Firmicutes (F) and Bacteroides (B) levels were significantly 
higher in the KSD group compared with the HLT group 
(B/F=0.67 vs. 0.08; P<0.001), as were the overall levels 
of B (6.19‑fold higher compared with the HLT group; 
22.2 vs. 3.6%; P<0.001). The Prevotella‑9 abundance levels in 
the KSD group were 4.65‑fold higher compared with those in 
the HLT group (8.8 vs. 1.9%; P<0.001). The levels of Blautia 
and Lachnoclostridium were significantly decreased in the 
KSD group (13.3 vs. 6.0%; and 5.0 vs. 7.9%; both P<0.05). 
Moreover, Prevotella‑9 levels were higher in non‑calciferous 
KSs (UAKS) compared with calciferous KSs (COKS and 
CCKS). Therefore, the findings of the present study indicated a 
key association between specific KS components and intestinal 
flora, providing a theoretical basis for new treatment methods 
for KSs. Moreover, differences and interactions between these 
bacteria could initially predict specific types of urolithiasis.

Introduction

Kidney stone (KS) disease (KSD) is one of the most common 
urological diseases. In Western countries, 5‑10% of the 

population experience ≥1 urinary calculus episode during their 
lifetime (1,2). KSD is the result of metabolic disorders that 
occur for multiple reasons, but its exact pathogenesis remains 
elusive. Genetic variations, dietary habits and geographic 
distributions all contribute to the formation of KSs (3), with 
diet being an important factor. Different global regions and 
dietary cultures result in complex and diverse stone composi‑
tions, including calcium oxalate, calcium phosphate, calcium 
carbonate, cysteine and uric acid stones (2,3). The incidence 
of KSD may be decreased by changing to a low‑protein and 
low‑salt diet, and by increasing the intake of fruit, whole grain 
cereal fiber and magnesium (4‑6).

Eating habits and types of food can directly affect 
intestinal micro‑organisms. Numerous studies (2,3,5,7‑15) 
have reported that intestinal microbes can participate in the 
synthesis and metabolic breakdown of molecules involved 
in physiological and pathophysiological processes, including 
short‑chain fatty acids, amino acids, vitamins, neurotransmit‑
ters and hormones, amongst others (7). Changes in metabolites 
or the induction of the immune response due to the disruption 
caused by intestinal dysbacteriosis may contribute to the 
regulation of various diseases. For example, short‑chain fatty 
acids secreted by intestinal bacteria affect the metabolism 
of foreign substances, branched‑chain amino acid transport, 
oxidative stress and the mucin degradation mechanism that 
regulates obesity and diabetes (7‑13). Overconsumption 
of choline or carnitine generates trimethylamine (TMA) 
during intestinal metabolism, which subsequently produces 
TMA N‑oxide (TMAO). The presence of TMAO promotes 
platelet activation and increases the incidence of atheroscle‑
rosis (14‑16). Thus, blocking the intestinal TMA metabolic 
enzyme may significantly inhibit atherosclerotic plaque 
formation (15). These findings suggest that intestinal micro‑
bial disorders may be the cause of disease onset and are not 
only associated with disease symptoms.

Stern et al (2) used the 16s RNA method to determine 
the presence of intestinal microbes in 23 cases of KSs, and 
the levels of Bacteroides and Prevotella in the experimental 
group were found to be significantly increased. In addition, 
Suryavanshi et al (17) reported that the level of Oxalobacter 
in the feces was lower in the KSD group compared with that 
in the healthy control group (HLT), and this lower abun‑
dance was observed among patients with KSD with oxalate 
metabolism disorder and calcium oxalate components. These 
aforementioned results suggest that calcium oxalate stones 
in Western populations may be caused by i) a close correla‑
tion between intestinal dysbacteriosis and the incidence of 
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KSD, and ii) low levels of Oxalobacter in the intestinal tract. 
Since diets differ between Chinese and Western populations, 
KSs exhibit marked diversity and no significant distribution 
characteristics, and therefore, it remains unknown whether 
different intestinal bacterial disorders may lead to the forma‑
tion of different types of KSs. Thus, the aim of the present 
study was to analyze the diversity of intestinal flora in 
KSD and HLT subjects in northeastern China, and further 
analyze the variability of intestinal flora and gene abundance 
among patients with calcium oxalate KS (COKS), uric acid 
KS (UAKS) and carbonated apatite KS (CCKS), in order to 
investigate the association between the different types of KSs 
and intestinal dysbacteriosis. The findings of the present study 
may enable the design of KS preventive treatments by control 
of the intestinal flora via diet, precise medical treatment of KS 
and relatively cost‑effective simple intestinal flora sequencing 
analysis paired with diet intervention.

Materials and methods

Ethics statement. The protocol of the present study was approved 
by the Ethics Committee of the Second Affiliated Hospital of 
Harbin Medical University (approval no. 2015‑yan‑221) and 
complied with the World Medical Association Declaration 
of Helsinki regarding ethical conduct of research involving 
human subjects. The study was performed in accordance with 
the approved local guidelines and regulations, and written 
informed consent was obtained from all the participants.

Patients. The study involved 91 individuals with KSD 
(age, 26‑80 years; 48 male patients and 43 female patients), 
including 42 with COKS, 12 with UAKS and 18 with CCKS, 
and 75 HLT (age, 21‑85 years; 44 male patients and 31 female 
patients). Stone samples were only collected from the patients 
who were treated with percutaneous nephrolithotomy. It was 
not possible to collect stone samples from the remainder of 
the patients who were treated with holmium laser lithotripsy. 
The participants provided blood samples (5 ml), urine samples 
(10 ml) and stool samples (using sterile cryopreserved tubes) 
after 6 h of fasting. The fresh samples were stored in a freezer 
at ‑80˚C until analysis. All samples were collected from indi‑
viduals who had not undergone gastrointestinal surgery and 
before the use of antibiotics. Patients with KSD included both 
those with newly developed and those with recurrent KSs. 
All stone composition types were registered. Classification 
of stones was based on the components with the largest 
proportions (18). HLT participants had not used medications 
over the past year, and those who had undergone gastrointes‑
tinal surgery or received antibiotics within the past 2 weeks 
were excluded. The samples were collected by two surgical 
methods, percutaneous nephrolithotomy and holmium laser 
lithotripsy. Stone specimens of the patients were successfully 
collected and stone analysis was conducted via percutaneous 
nephrolithotomy. However, the stone was divided into 1‑2 mm 
size after holmium laser lithotripsy and failed to be success‑
fully collected, which is the reason for incomplete samples.

Gut microbiome analysis. Fecal samples (100 µl) were collected 
in Specimen Transport Medium (Qiagen, Inc.) and microbiome 
DNA was extracted using two methods, with a bead‑beating 

based PowerSoil DNA isolation kit (MO BIO Laboratories, 
Inc.) and a chemical‑lysis based QIAamp DNA mini kit 
(Qiagen, Inc.), following the manufacturer's protocol. Upon 
finishing, the purified DNA was rinsed in 100 µl elution 
buffer (pH 8.0) and its concentration was measured using 
Qubit 2.0 (Thermo Fisher Scientific, Inc.). The microbiome 
DNA was PCR‑amplified using barcoded primers spanning 
the V4 variable region of the 16s rRNA gene, as previously 
described (19). Barcoded PCR products from all samples were 
pooled at approximately equal molar DNA concentrations and 
sequenced on an Illumina MiSeq (Illumina Inc.) by the Albert 
Einstein Epigenomics Shared Facility using paired‑end reads.

The short Illumina reads were processed for an operational 
taxonomic unit (OTU) classification according to previously 
described methods (20‑23). Compositions of microbiome 
communities were summarized by a proportion at the genus 
level.

Statistical analysis. The OTU results of all the samples in one 
group are presented in Fig. 1 and were based on individual 
OTUs. The relative levels of the species were plotted with 
GraphPad software (version 6; GraphPad Software, Inc.). 
Heatmaps were generated from the specimen and samples. 
Unpaired Student's t‑tests were used to identify significant 
differences between groups. P<0.05 was considered to indi‑
cate a statistically significant difference. χ2 tests were used to 
compare the main intestinal flora types between the KSD and 
HLT groups.

To determine the major intestinal flora types in the 
experiment and control groups, age, sex, presence of diabetes 
mellitus (DM) and body mass index (BMI) were added to the 
independent logistic regression model of KSD associated with 
Bacteroides, Pseudomonas and Blautia. Unpaired Student's 
t‑tests were also used to compare the mean abundance levels 
of Bacteroides, Pseudomonas and Blautia with DM, hyper‑
tension and BMI. A non‑parametric test was used to compare 
the COKS, UAKS and CCKS groups. An unpaired two‑tailed 
Student t‑test was used to compare the difference between 
two groups. One‑way ANOVA followed by Tukey's post hoc 
test was used for multiple comparisons. The statistical 
methods used in Table III were ANOVAs (one‑way) and post 
hoc Tukey's tests. All examinations were bilateral (P<0.05). 
Data were statistically analyzed using SPSS v.20 (IBM Corp.).

Results

KSD and intestinal dysbacteriosis. Fecal samples were 
collected from 91 patients with KSD and 75 HLT subjects 
(patient information is presented in Table I). A total of 
178 genera were identified by 16s rRNA sequencing, and 
the top 10 bacteria with the highest levels were statistically 
analyzed. At the phylum level, the abundance of Firmicutes 
and Bacteroides was highest in the KSD group. Moreover, the 
HLT group exhibited higher abundance levels of Actinobacteria 
(Fig. 1A and B). At the genus level, the abundance of 
Bacteroides and Prevotella‑9 was highest in the KSD group, 
accounting for 31% of all bacteria present. The abundance of 
Bacteroides in the KSD group was higher compared with that 
in the HLT group (22.2 vs. 3.6%; P<0.001). The Prevotella‑9 
abundance was 4.65‑fold higher in the KSD group compared 
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Figure 1. Differences in the abundance of intestinal flora between the KSD and HLT groups. (A) OTU results of 75 samples from the KSD group are presented, 
using GraPhlAn and the OTU table. (B) OTU results of 91 samples from the HLT group are presented using GraPhlAn and the OTU table. (C) Top ten differ‑
ences in intestinal flora between the KSD and HLT groups at the genus level. KSD, kidney stone disease; HKT, healthy control; OTU, operational taxonomic 
unit.
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with that in the HLT group (8.8 vs. 1.9%; P<0.001). The two 
bacteria with the highest levels in the HLT group were Blautia 
and Lachnoclostridium, accounting for 21% of total bacteria 
(Fig. 1C; Table II). The Blautia abundance was 2.12‑fold 
higher in the HLT group compared with the KSD group 
(13.4 vs. 6.0%; P<0.001). The abundance of Lachnoclostridium 
was 1.58‑fold higher in the HLT group compared with the 
KSD group (8.0 vs. 5.0%; P=0.013 Fig. 1C; Table II). High 
abundance of Prevotella‑9 (OR=3.78; P<0.001) and Blontia 
(OR=‑3.04, P=0.002), and low abundance of Bacteroides 
(OR=6.86; P<0.001) were independent influencing factors in 
the KSD group according to multivariate analysis (Table II).

Different types of intestinal dysbacteriosis are associated with 
different types of KSs. Among the COKS, UAKS and CCKS 
groups, female morbidity was highest in the CCKS group 
(n=5; P=0.034; Table III). The classification of stones was 
based on the components with the largest proportion (18). The 

majority of the enrolled patients had a urinary tract infection 
when they were hospitalized, but urea‑positive bacteria were 
not found in clinical urine bacterial culture. The abundance 
of Firmicutes (56.4 vs. 30.4%; P=0.029) and Bacteroides 
(36.2 vs. 62.6%; P=0.009) differed significantly between the 
COKS and UAKS groups. In the CCKS and UAKS groups, 
there were significant differences in the abundance levels 
of Firmicutes (59.5 vs. 30.4%; P=0.014) and Bacteroidetes 
(31.5 vs. 62.6%; P=0.006). There was no significant difference 
in the abundance of Firmicutes (56.4 vs. 59.5%; P>0.05) and 
Bacteroides (36.2 vs. 31.5%; P>0.05) between the COKS and 
CCKS groups (Fig. 2).

Among COKS, UAKS and CCKS groups, Prevotella had 
the highest abundance in the UAKS group, Pseudobutyrivibrio 
and Lachnoclostridium had the highest abundance in the COKS 
group, and Ruminococcus‑2 had the lowest abundance in the 
UAKS group (Fig. 3). Moreover, no significant differences in 
the abundance of bacteria were identified between the COKS 
and CCKS groups containing calcium (all P>0.05; Fig. 4). 
The Prevotella abundance levels differed between the 
non‑calcium‑containing UAKS and the calcium‑containing 
COKS and CCKS groups (32.2 vs. 8.6 and 2.0%, respectively; 
all P<0.005; Fig. 4). In addition, there were differences in 
abundance levels between the COKS and the UAKS groups for 
Pseudobutyrivibrio, Lachnoclostridium, Ruminococcus and 
Fusicatenibacter (7.7 vs. 2.9%, 4.5 vs. 1.9%, 1.4 vs. 0.2% and 
1.2 vs. 0.6%, respectively; all P<0.05; Fig. 4). There were 
differences between the three species of Anaerotruncus, 
Tyzzerell‑4 and Turicibacter, but the abundance level was very 
low (data not shown).

The differences in gastrointestinal flora were analyzed 
and compared between men and women (Table IV). There 
were no statistically significant differences in gastrointes‑
tinal flora between the KSD and the HLT groups under the 
phylum level classification (all P>0.05; data not shown). 
Under the genus classification, significant differences were 
observed in the KSD groups between men and women. 
Statistically significant differences were identified among 
Collinsella, Peptostreptococcus, Sutterella, Barnesiella, 
Peptococcus, Senegalimassilia, Butyricimonas, Bilophila, 
Ruminiclostridium‑9, Coprobacter, Mogibacterium and 
Cupriavidus (all P<0.05; Table IV). The abundance levels of 

Table I. Key characteristics of the KSD and HLT groups.

Variable KSD HLT P‑value

Age, years  56.3±11.4 57.0±13.3 0.695
Sex    0.445
  Female  43 31 
  Male  48 44 
BMI 24.7±3.4 25.1±4.1 0.419
Comorbidities    
  DM 11±12 10±13 0.810
  HTN 23±25 23±30 0.210

Data are presented as the n or mean ± SD. Comparisons were made 
using χ2 and Student's t‑test. KSD, kidney stone disease; HLT, healthy 
control; BMI, body mass index; DM, diabetes mellitus; HTN, hyper‑
tension.

Table II. Top ten differences of intestinal flora (abundance, %) 
between KSD and HLT groups at the genus level.

Genus Case Control P‑value

Bacteroides 0.222±0.183 0.036±0.057 <0.001
Enterococcus 0.036±0.104 0.024±0.099 0.474
Prevotella_9 0.088±0.152 0.019±0.069 <0.001
EscherichiaShigella 0.057±0.097 0.049±0.104 0.623
Megamonas 0.023±0.054 0.018±0.074 0.633
Lachnoclostridium 0.050±0.043 0.080±0.094 0.013
Blautia 0.060±0.064 0.134±0.072 <0.001
Bifidobacterium	 0.022±0.050 0.041±0.072 0.043
Pseudobutyrivibrio 0.060±0.071 0.066±0.063 0.530
Faecalibacterium 0.067±0.065 0.070±0.063 0.721

Data are presented as the mean ± SD. Comparisons were made using 
Student's t‑test. Bold values indicate statistical significance (P<0.05). 
KSD, kidney stone disease; HLT, healthy control.

Figure 2. Differences in the abundance of intestinal flora among the COKS, 
UAKS and CCKS groups at the phylum level. After analysis among the three 
groups, graphs depicting the statistical significance were created. *P<0.05. 
COKS, calcium oxalate kidney stones; UAKS, uric acid kidney stones; 
CCKS, carbonate apatite kidney stones.
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Figure 3. A heat map comparing the intestinal flora between the COKS, UAKS and CCKS groups at the genus level. COKS, calcium oxalate kidney stones; 
UAKS, uric acid kidney stones; CCKS, carbonate apatite kidney stones.

Table III. Clinical characteristics of the COKS, UAKS and CCKS stone groups.

Variable COKS UAKS CCKS P‑value

Age, years  56.4±10.6 46.0±4.8 55.7±13.6 0.043
Sex     0.034
  Female    9 6 15 
  Male  33 6   3 
BMI 24.7±2.8 28.8±4.7 24.1±2.8 0.223
Urine pH 5.7±0.6 6.1±1.0 6.9±0.6 0.434
Biochemical index    
  Ca 2.33±0.11 2.25±0.11 2.20±0.12 0.328
  P 1.10±0.16 1.04±0.15 1.17±0.12 0.651
  Mg 0.99±0.07 1.36±0.64 1.02±0.07 0.448
  TC 7.76±5.36 5.05±1.32 4.68±1.83 0.292
  TG 3.33±2.04 3.52±1.34 2.30±2.42 0.151
  HDL 1.44±0.37 1.02±0.24 1.29±0.53 0.471
  LDL 3.02±1.17 2.31±0.24 2.65±1.08 0.252
  CRP 7.25±9.21 4.77±3.97 8.41±7.81 0.439

Data are presented as the n or mean ± SD. Comparisons were made using ANOVAs (one‑way) and post hoc Tukey's tests. Bold values indicate 
statistical significance (P<0.05). COKS, calcium oxalate kidney stones; UAKS, uric acid kidney stones; CCKS, carbonated apatite kidney 
stones; TC, serum total cholesterol; TG, triglyceride; HDL, high‑density lipoprotein; LDL, low‑density lipoprotein; CRP, C‑reactive protein.
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Collinsella (0.7 vs. 0.2%; P=0.031), Sutterella (0.3 vs. 0.1%; 
P=0.028) and others (data not shown) were very low. In 
the HLT group, there were significant differences among 
unidentified‑Lachnospiraceae, Paraprevotella, Haemophilus, 
Sphingomonas, Ruminiclostridium‑1, Streptomyces, 
Johnsonella and Acholeplasma (all P<0.05; Table IV), but the 
abundance levels were very low (data not shown).

Discussion

The composition of KSs is complex and diverse, and patho‑
genic mechanisms are affected by multiple factors, with diet 
being the most important factor affecting the formation of 
KSs (4‑6,24,25). The differences in ethnicity and dietary 
structure markedly affect the composition and function of 
intestinal ecosystems (26‑29). The present study demon‑
strated that patients with KSs had intestinal dysbacteriosis, 
and Oxalobacter levels were upregulated in patients with 
COKS. However, the prevalence of specific bacteria was not 

obvious among other patients with KSD. The present study 
analyzed the differences in gastrointestinal bacteria among 
patients with KSD, and performed further comparative 
analyses of bacterial abundance and the specific composition 
of KSs.

The mechanism of KS formation is complex. A variety 
of stone compositions contribute to metabolic regulation 
under control of the susceptibility gene (30). Similar to 
other researchers (4‑6,25), the present results suggested 
that diet was one of the most important factors affecting 
the formation of kidney stones. Endogenous and exog‑
enous oxalic acid metabolic disorders lead to formation of 
COKS, with Oxalobacter being one of the most important 
contributors (17). Few studies have reported other types of 
bacteria causing gastrointestinal disorders to be involved in 
KS formation.

It was hypothesized that the abnormal changes in meta‑
bolic products and bacterial intestinal colonization may 
trigger mucosal immune inflammation mechanisms, which 
may cause further changes in the body's renal function 
when intestinal dysbacteriosis is present. When the levels 
of the components of kidney stones increases, renal tubular 
epithelial injury, inflammatory responses and calculus 
susceptibility gene regulation occur, eventually leading to KS 
formation (31,32).

The high incidence and recurrence of KSD may be closely 
associated with ethnicity and diet; thus, it is important to 
investigate changes in intestinal dysbacteriosis (33). In the 
present study, the abundance of Bacteroides and Prevotella in 
the KSD group was significantly higher compared with that 
in the HLT group (6.1‑ and 4.6‑fold, respectively). The trend 
of the obtained results was consistent with that reported by 
Stern et al (2) (6.1‑ vs. 3.4‑fold and 4.6‑ vs. 2.8‑fold, respec‑
tively), and variations may be due to differences in ethnicity 
and dietary cultures of the patients recruited. In addition, 
Lachnoclostridium, Blautia and Bifidobacterium were 
1.5‑, 2.1‑ and 1.9‑fold higher, respectively, in patients compared 
with the HLT group.

The differences between the CCKS, UAKS and COKS 
groups were further analyzed. No lower abundance levels of 
Oxalobacter were found in the KSD group when compared 
with the HLT group, which was consistent with the findings of 
Suryavanshi et al (17). However, in the present study, statisti‑
cally significant differences in the levels of Oxalobacter 
between these two groups were not observed, but there 
were significant differences in Prevotella‑9 abundance 
between the calcium‑containing COKS and CCKS groups 
and the non‑calcium‑containing UAKS group. Prevotella‑9 
is positively correlated with serum uric acid levels, while 
UAKS are a product of metabolic disorders of uric acid (34). 
Thus, it was suggested that abnormally high abundance of 
Prevotella‑9 may lead to the formation of uric acid stones. 
However, it should be noted that Stern et al (2) did not iden‑
tify any significant differences in bacteria when comparing 
uric acid and non‑UAKS, which may be attributed to the 
daily high‑fiber diet of the study population. Additionally, 
in the present study, differences were observed in the abun‑
dance levels of Pseudobutyrivibrio, Lachnoclostridium and 
Ruminococcus 2 between the COKS and UAKS groups, all 
of which belong to the Helicobacter pylori family. One of the 

Figure 4. Differences in the abundance of intestinal flora between the COKS, 
UAKS and CCKS groups at the genus level. After analysis among the three 
groups, graphs depicting the statistical significance were created. *P<0.05. 
COKS, calcium oxalate kidney stones; UAKS, uric acid kidney stones; 
CCKS, carbonate apatite kidney stones.
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major metabolites is short‑chain fatty acids, which partici‑
pates in the metabolism (35) and inflammatory responses 
of the body (36,37). It was hypothesized that the bacteria 
present in intestinal dysbacteriosis may interfere with the 
body's normal inflammatory response and material metabo‑
lism via uric acid short‑chain fatty acid metabolic disorders, 
which ultimately lead to calcium and UAKS formation in the 
kidney.

In general, the composition of intestinal microbiota 
changes according to age, diet and drug use, and differs 
across ethnicities and geographic regions (2,3,5,8,17). Loss of 
Oxalobacter formigeneses is hypothesized to be a factor that 
produces COKS, as Oxalobacter formigeneses metabolizes 
oxalate in the intestine; however, several studies, including 
the present, question the validity of this hypothesis (2,38). 
The mechanism underlying the formation of calculi has 
yet to be fully elucidated. Further extensive basic research 
and clinical data are required for confirmation. Although 
individuals residing in the same area tend to consume 
similar foods, individual dietary variations also affect the 

statistical results (4,6). The present study randomly recruited 
participants in both the KSD and HLT groups. The stones 
collected were mostly of mixed composition. The main stone 
composition was based on infrared spectrum analysis. The 
participants did not strictly control their daily diets in the 
present study. Since some patients opted for holmium laser 
lithotripsy and some did not agree to undergo stone composi‑
tion analysis, and thus, there was an insufficient number of 
patients in the COKS, UAKS and CCKS groups to establish 
statistical significance.

In conclusion, the present study indicated a key asso‑
ciation between specific KS components and intestinal flora, 
providing a theoretical basis for novel treatment strategies for 
KSs. Moreover, the results of the present study indicated that 
differences and interactions between bacteria might predict 
specific types of urolithiasis.
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