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The risk of urinary tract infection in
vegetarians and non-vegetarians: a
prospective study
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Urinary tract infection (UTI) is caused principally by ascending Escherichia coli infection via an intestine-
stool-urethra route. Recent studies found that the strains of E. coli causing UTls, called extra-intestinal
pathogenic E. coli (EXPEC), were distinct from the intestinal pathogenic strains and normal commensal
strains. Further analysis found the meat including poultry and pork is the major reservoir for EXPECs.
Vegetarians avoid meat and should theoretically have less exposure to ExXPEC. However, no study

thus far has examined whether vegetarian diets reduce the risk of UTI. Our aim was to examine the
association between vegetarian diet and UTl risk in a Taiwanese Buddhist population. We prospectively
followed 9724 Buddhists free of UTI from 2005 to 2014. During the 10-year follow-up, 661 incident

UTI cases were confirmed. Diet was assessed through a food frequency questionnaire. Cox regression
was used to evaluate the prospective association between a vegetarian diet on risk of UTI while
adjusting for age, sex, educational level, alcohol-drinking, smoking, hypertension, diabetes mellitus,
hyperlipidemia, and disease conditions predisposing to UTIs. Overall, vegetarian diet was associated
with 16% lower hazards (hazard ratio [HR]: 0.84, 95% confidence interval [Cl]: 0.71-0.99). In subgroup
analysis, the protective association between vegetarian diet and UTl is observed mainly in the female
(HR: 0.82, 95% Cl: 0.69-0.99), never smokers (HR: 0.80, 95% Cl: 0.67-0.95), and for uncomplicated UTI
(HR: 0.81, 95% Cl: 0.68-0.98).

Urinary tract infection (UTTI) is one of the most common microbial infections worldwide, with a global preva-
lence of 10 per 1,000 peoples. UTI is associated with considerable societal cost, significant morbidity, and even
increasing antibiotic resistance, a current challenge for infection control2.

The route of infection is mainly through ascending infection from the distal urethra colonized by intestinal
source microbes. The principal pathogens are Gram-negative bacteria, particularly the species of Escherichia coli
accounting for 65~75% of all urinary tract infections, and the remaining are caused by Gram-positive bacteria
or fungi®.

UTIs are categorized into two forms: uncomplicated UTI and complicated UTI, owing to different pathophys-
iology and management. Uncomplicated UTI is defined as individuals with UTT who are otherwise healthy and
without any structural or neurological urinary tract abnormality that predisposes them to infection. In contrast,
complicated UTI is associated with underlying factors that compromise urinary tract or host defense giving rise
to predisposition to UTT, such as urinary obstruction caused by calculus or tumor, urinary retention by neurolog-
ical disease, decreased urine output due to renal failure, renal transplantation, immune compromise or suppres-
sion, pregnancy, and indwelling catheter.

Interestingly, recent studies found that the strains of E. coli causing UTIs, called extra-intestinal pathogenic
E. coli (EXPEC), were distinct from the intestinal pathogenic strains and normal commensal strains, except some
UTIs caused by the commensal E. coli in the complicated form (Table 1)**. Furthermore, analyses showed the
isolates of E. coli from urine specimens of UTT patients were closely related to, if not indistinguishable from the
pathogenic E. coli of poultry and pork®=. This implicates that food reservoirs and foodborne transmission may
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Groups of E. coli
Clinical manifestation Commensal | ExPEC* | Intestinal pathogenic
Asymptomatic intestinal colonization Major Minor None
Uncomplicated UTTs Minor Major None
Complicated UTIs 50% 50% None
Gastroenteritis None None Major
Other infections other than UTI and gastroenteritis | Variable Variable | None

Table 1. The pathogenic potential of the three main different groups of E. coli strains®*. *ExPEC: extra-intestinal
pathogenic E. coli.

play a role in the dissemination of EXPEC. As vegetarians avoid meat (including poultry and pork), we hypothe-
size that a vegetarian diet may be associated with a lower risk of UTL

Materials and Methods

Study design and population. The Tzu Chi Vegetarian Study (TCVS) is a prospective cohort study that
recruited 12062 Tzu Chi volunteers in 2005 throughout communities in Taiwan. Tzu Chi volunteers are devoted
Buddhists who participate in a variety of charity works and disaster relief organized by the Buddhist Compassion
Relief Tzu Chi Foundation. About one-third of this population became vegetarians in order to protect the envi-
ronment and animals. Certified Tzu Chi volunteers are also required to quit smoking and alcohol-drinking.

The Buddhists Compassion Relief Tzu Chi Foundation has many liaison sites throughout Taiwan. In 2005,
community leaders in all sites were asked to distribute research questionnaires to their local community volun-
teers, and send back these questionnaires upon completion. The questions included personal data, demographic
information, educational level, medical history, and lifestyle habit including smoking, alcohol-drinking, physical
activities, and diet. All participants had signed the informed consent on the first page of the questionnaire. This
study was approved by the Institutional Review Board for ethics at Buddhist Dalin Tzu Chi Hospital.

Assessment of disease status. We followed the TCVS participants from 2005 to 2014 by linking the base-
line data to the National Health Insurance Research Database (NHIRD) and the death records at the National
Health and Welfare Data Science Center (HWDC), Ministry of Health and Welfare.

In Taiwan, the National Health Insurance Program is a governmental universal health insurance program
covering nearly 100% of the population. Individuals’ medical claim data including diagnosis from both inpatient
and outpatient are available. In order to protect the privacy of individuals as required by local law, personal iden-
tification number is masked and all analyses must be performed within the HWDC. Only summarized research
results (not individual data), could be released.

Dietary assessment. The diet section in the questionnaire was adopted from the food frequency question-
naire (FFQ) used in Nutrition and Health Survey in Taiwan, and included 57 items on food and food groups, and
a section on cooking methods and cooking oil. A similar questionnaire had been validated later and showed good
reliability and validity among Tzu Chi volunteers®.

Participants were categorized as vegetarians if they (1) self-identified as vegetarians in a question asking veg-
etarian status, and (2) reported “no eating” in frequency questions for all individual meat and fish items in the
FFQ. Those who self-identified as vegetarians but reported eating meat or fish in the FFQ were categorized as
non-vegetarians.

Exclusion criteria. Individuals with age < 20 years old (n=85), no available data on NHIRD (n=677),
incomplete data on the questionnaire (n =950), and prior history of UTI (n=626) were excluded from this study
(Fig. 1).

Case ascertainment. Incident cases of UTI were identified by the International Classification of Diseases,
Ninth Revision (ICD-9) for UTIs and the codes for the execution of bacterial culture and prescription of antibi-
otics against UTI within the HWDSC database during follow-up.

The ICD-9 codes used include 590 for infections of the kidney, 595 for cystitis, and 599.0 for UTI, site not
specified. The code for the execution of bacterial culture is 13007C. We identified UTI cases by the above ICD-9
diagnosis in either inpatient or outpatient, accompanied by the execution of bacterial culture and prescription of
antibiotic against UTI'*!! (Fig. 1).

Statistical analysis. Baseline characteristics of vegetarians and non-vegetarians were compared using
Chi-square (?) test for categorical variables and independent sample ¢ test for continuous variables.

Cox regression was used to analyze the association between different factors and risks of UTI, presented as
hazard ratio (HR) with 95% confidence interval (CI). Model 1 adjusted for age and/or sex. Model 2 additionally
adjusted for educational level and lifestyle factors (smoking and alcohol-drinking). Model 3 additionally adjusted
for hypertension, diabetes mellitus, and hyperlipidemia. Model 4 additionally adjusted for disease conditions
that predispose to complicated UTTs, including urinary tract obstruction caused by hyperplasia or tumor, uro-
lithiasis (calculus), urine retention, renal failure, immune dysfunction, pregnancy, and urinary catheter indwell-
ing. Kaplan-Meier curves of crude data were plotted to show the disease-free survival throughout follow-up
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Figure 1. Chart showing the flow from TCVS to eligible study population and UTT case identification.

period. Subgroup analyses by the above factors and test of interactions were performed. In addition to total
UTI-combined, we also examined subtypes of UTI (complicated and uncomplicated) separately.

Ethical approval. All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee (Institutional Review Board
[IRB] for ethics at Buddhist Dalin Tzu Chi Hospital with IRB approval document numbers: B09401003 and
B10403020, grant numbers: TCMMPSP104-08-02, TCMMP105-13-05, TCMMP106-04-01) and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards.

Informed consent. Informed consent was obtained from all individual participants included in the study.

Results

Baseline characteristics. Table 2 shows the baseline characteristics of both vegetarian and non-vegetarian
groups. The ratio of non-vegetarians to vegetarians was about 2:1. The vegetarian group was older, had a higher
proportion of female, received less education, was less likely to have a history of smoking or alcohol-drinking,
and had a significantly lower proportion of individuals with hypertension, diabetes, hyperlipidemia, and disease
conditions that predispose to UTL

Risk factors associated with UTI. In the 10 years of follow-up, 661 individuals were diagnosed with
UTIs. Table 3 shows the Cox regression analysis. Overall, UTI risk in vegetarians was significantly lower than
non-vegetarians (HR =0.84, 95% CI: 0.71-0.99, p =0.038). Age, female sex, diabetes, urine retention, and renal
failure were associated with significant increases in UTT risks. Hypertension, urinary obstruction (hyperplasia/
tumor of the urinary tract), urolithiasis, and immune dysfunction were associated with non-significant higher
UTT risks.

Subgroup analysis. Subgroup analysis of the association between vegetarian diet and UTI by sex in various
models were shown in Table 4. Vegetarian diet was significantly associated with a reduced risk of UTT mainly
in female, particularly after adjustment for education and lifestyle (smoking and alcohol-drinking) in Model 2.
Additional adjustments for hypertension, diabetes, hyperlipidemia, and conditions predisposing to UTI (as in
Model 3 and 4) yielded similar results. Kaplan-Meier curves of UTI-free survival over the ten-year period for
vegetarians and non-vegetarians (Fig. 2) highlight the protection of vegetarian diet in female, while no distinct
difference was found in male.

Additional subgroup analyses and the test for interactions are presented in Table 5. The test of interaction
between dietary patterns and smoking was significant (P-interaction = 0.029), with the protection mainly among
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Non-vegetarians | Vegetarians
mean (std*)/n (%) | mean (std*)/n (%) | P-value
Number of participants 6467 (66.5%) 3257 (33.5%)
Age, years 50.1 (9.69) 51.2(9.48) <0.001
Sex <0.001
Male 2677 (41.4%) 899 (27.6%)
Female 3790 (58.6%) 2358 (72.4%)
Educational level <0.001
Elementary school or less 1277 (19.8%) 792 (24.3%)
Secondary school 4503 (69.7%) 2086 (64.0%)
College or higher 683 (10.5%) 383 (11.7%)
Ever smoking 1126 (17.4%) 351 (10.8%) <0.001
Ever alcohol-drinking 1064 (16.5%) 375 (11.5%) <0.001
Hypertension 1154 (17.9%) 512 (15.7%) 0.008
Diabetes 466 (7.2%) 161 (4.9%) <0.001
Hyperlipidemia 218 (3.4%) 79 (2.4%) 0.010
Disease conditions predisposing to UTI
Hyperplasia/tumor of urinary tract 451 (7.0%) 160 (4.9%) <0.001
Urolithiasis 743 (11.5%) 319 (9.8%) 0.011
Urine retention 132 (2.0%) 77 (2.4%) 0.306
Renal failure 135 (2.1%) 49 (1.5%) 0.049
Immune dysfunction 43 (0.7%) 23 (0.7%) 0.821

Table 2. Baseline characteristics of vegetarian and non-vegetarian groups. *Std: standard deviation.

Hazard ratios | 95% CI* P value

Vegetarians vs. non-vegetarians 0.84 0.71-0.99 0.038
Age 1.03 1.02-1.04 <0.001
Sex (Male vs. Female) 0.29 0.22-0.37 <0.001
Educational level

Secondary school vs. elementary 0.92 0.77-1.11 0.399

College or higher vs. elementary 1.00 0.74-1.35 0.986
Ever smoking 1.11 0.80-1.56 0.534
Ever alcohol-drinking 1.16 0.85-1.58 0.357
Hypertension 1.19 0.97-1.45 0.094
Diabetes 1.57 1.21-2.05 0.001
Hyperlipidemia 1.16 0.78-1.71 0.463
Disease conditions predisposing to UTI

Hyperplasia/tumor of urinary tract 1.47 0.99-2.19 0.055

Urolithiasis 122 0.97-1.53 0.094

Urine retention 1.86 1.28-2.72 0.001

Renal failure 1.97 1.36-2.88 <0.001

Immune dysfunction 1.87 0.97-3.63 0.063

Table 3. UTI risks associated with vegetarian diet and other factors by Cox regression. *CI: confidence interval.

never smokers. No significant test of interaction was found between diet and other factors (sex, educational level,
alcohol-drinking, hypertension, diabetes, hyperlipidemia, and disease conditions predisposing to UTI).

The association between vegetarian diet and subtypes of UTI is shown in Table 6. Vegetarian diet was associ-
ated with significantly reduced risk of mainly the uncomplicated UTI but not complicated UTIL.

Discussion
In this prospective cohort study, vegetarian diet (versus non-vegetarian diet) is associated with a lower risk of
UTI particularly in female, non-smokers, and mainly for the uncomplicated-subtype of UTI. To the best of our
knowledge, this is the first study that evaluated the prospective association between a vegetarian diet and UTI.
Previous research suggested that meat-related foodborne ExPECs may be the main cause of uncompli-
cated UTIs and a half of complicated UTIs (Table 1)*-%. Consistent with this finding, we found that the protec-
tive association between vegetarian diet and UTI risk was mainly in uncomplicated rather than complicated
UTL, and this association is independent of diseases and risk factors predisposing conditions to complicated
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Vegetarians (n =3257) Non-vegetarians (n=6467)
All Male Female All Male Female
UTI cases 217 29 188 444 91 353
Person-years 29260 8204 21057 57882 24356 33526
Crude 0.97 (0.82-1.14) | 0.95(0.62-1.44) | 0.85(0.71-1.01)
Model 1* 0.82 (0.70-0.97) | 0.93 (0.61-1.41) | 0.81 (0.68-0.97)
Model 2° 0.82(0.70-0.97) | 0.94 (0.62-1.42) | 0.81 (0.68-0.97) 1 (Reference)
Model 3¢ 0.84 (0.71-0.98) | 0.98 (0.64-1.48) | 0.82 (0.69-0.98)
Model 4¢ 0.84 (0.71-0.99) | 0.98 (0.64-1.49) | 0.82 (0.69-0.99)

Table 4. Hazard ratios (95% confidence interval) of UTI in different dietary and sex groups with different
adjusted models by Cox regression. *“Model 1: adjusted for age and/or sex. "Model 2: additional adjustment
for educational level and lifestyle (smoking and alcohol-drinking). “Model 3: additional adjustment for
hypertension, diabetes, and hyperlipidemia. ‘Model 4: additional adjustment for disease conditions
predisposing to UTI.
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Figure 2. Kaplan-Meier curve of crude data over the ten-year period for vegetarians and non-vegetarians.

UTI including hypertension'?, diabetes'?, and hyperlipidemia’®. This suggests that the effect of vegetarian
diet is not mediated through these related diseases. The test of interaction showed that vegetarian diet (versus
non-vegetarian diet) was associated with protection among the never smoking group, but not the ever smoking
group (P-interaction = 0.029, Table 5). It is possible that smoking compensates the benefit of vegetarian diet by
increasing blood pressures (which predisposing to renal failure)!?'*, renal stone formation'¢, and urinary tract
cancers'. All of which are also the disease conditions predisposing to complicated UTI>-*. However, the number
of smokers in our study is small and the significant interaction could arise from chance that further confirmation
from other studies is needed.

The principal pathogenic strains causing UTIs are EXPECs (accounting for 65~75% UTIs), a group of strains
distinct from the intestinal pathogenic and normal commensal E. coli**. ExPECs express many characteristic vir-
ulent factors which are not present in other strains of non-ExPECs**!%. Many studies have illustrated that meat,
including poultry and pork, as the major reservoirs for EXPECs®**". Vincent ef al. identified the E. coli strains
by using O:H serotype and sequence type (ST) and discovered the O25:H4-ST131 and O114:H4-ST117 strains
acquired from retail chicken were very similar to, if not indistinguishable from E. coli of UTI patients®. Jacobsen
et al. performed the phylogenetic analysis by triplex polymerase chain reaction using three DNA markers showed
the UTI-associated B2 and D phylogroups are found among isolates from broiler chicken meat, broiler chickens,

SCIENTIFIC REPORTS |

(2020) 10:906 | https://doi.org/10.1038/s41598-020-58006-6


https://doi.org/10.1038/s41598-020-58006-6

www.nature.com/scientificreports/

Number Hazard ratio | 95% CI* P-interaction
Sex 0.486
Male 120 0.98 0.64-1.49
Female 541 0.82 0.69-0.99
Educational level 0.116
Elementary school or less 194 0.75 0.56-1.02
Secondary school 406 0.84 0.68-1.04
College or higher 61 1.27 0.76-2.13
Smoking 0.029
Ever 62 1.52 0.87-2.65
Never 599 0.80 0.67-0.95
Alcohol-drinking 0.540
Ever 67 1.04 0.60-1.81
Never 594 0.82 0.69-0.98
Hypertension 0.177
With 133 1.09 0.76-1.57
Without 528 0.79 0.66-0.95
Diabetes 0.974
With 65 0.82 0.47-1.44
Without 596 0.84 0.71-1.00
Hyperlipidemia 0.955
With 27 0.75 0.31-1.81
Without 634 0.84 0.71-1.00
Disease conditions predisposing to UTI
Hyperplasia/tumor of urinary tract 0.290
With 38 1.11 0.54-2.31
Without 623 0.83 0.70-0.98
Urolithiasis 0.755
With 86 0.77 0.48-1.24
Without 575 0.85 0.71-1.01
Urine retention 0.541
With 29 0.63 0.28-1.44
Without 632 0.85 0.72-1.01
Renal failure 0.606
With 29 0.79 0.32-1.95
Without 632 0.84 0.71-1.00
Immune dysfunction 0.532
With 9 0.80 0.08-8.30
Without 652 0.85 0.72-1.00

Table 5. Subgroup analysis of UTT risks in vegetarians versus non-vegetariansSubgroups. *CI = confidence

interval.

Uncomplicated UTI

Complicated UTI

All UTI cases

517

144

Hazard ratio (95% confidence interval)?®

0.81 (0.68-0.98)

0.96 (0.67-1.37)

Male UTI cases

60

60

Hazard ratio (95% confidence interval)®

0.60 (0.30-1.18)

1.46 (0.84-2.52)

Female UTI cases

457

84

Hazard ratio (95% confidence interval)®

0.84 (0.69-1.02)

0.75 (0.48-1.19)

Table 6. UTI risks of vegetarian diet in uncomplicated and complicated categories compared with non-
vegetarian group by Cox regression. *Adjusted for age, sex, educational level and lifestyle (smoking and alcohol-
drinking), hypertension, diabetes, and hyperlipidemia.

pork, and pigs. Further, antimicrobial resistance phenotypes of E. coli from meat were very similar to isolates
from UTI patients’. In addition, sequencing analysis of EXPECs showed UTI-causing ST10, ST69, ST95, ST117,
and ST131 are associated with poultry and retail poultry meat®!°. Vegetarians do not consume meat and therefore

avoid uptake of animal-food-associated EXPECs.
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Recent studies discovered the gut and fecal microbiotas were different between vegetarians and
non-vegetarians?*->. The high fiber contents in vegetarian diet may modulate the intestinal microbiota
in humans?*?!. Fiber is metabolized by intestinal anaerobic microflora to produce short-chain fatty acids,
which decrease intestinal pH?*2!. Vegans or vegetarians were shown to have lower total counts of E. coli and
Enterobacteriaceae spp. and lower stool pH than non-vegetarians, and the lower stool pH could prevent the
growth of E. coli and Enterobacteriaceae®. The shifts in the gut and fecal microbiotas in vegetarians may poten-
tially contribute to the protection from UTIL.

Vegetarians consume predominantly plant foods and with more frequent consumption of vegetables, fruits,
and nuts than non-vegetarians in most cohorts***, as in our cohort study, published previously?. Briefly, veg-
etarians in this present study had previously been shown to have a distinct overall dietary pattern, with a more
frequent consumption of a variety of vegetables, fruits, nuts, soy products and beans, while avoiding all types of
meat, fish, and seafood, compared with non-vegetarians. Plant foods contain phytochemicals (major classes
including terpenoids, phenolics, alkaloids) which have been demonstrated to have antibacterial activities*’ =, in
addition to anti-carcinogenic, anti-mutagenic, anti-inflammatory, and anti-oxidative factors”’. Among the phy-
tochemicals, phenolics compounds are related to the antibacterial activities?”*°, and are abundant in vegetables,
whole grains, fruits, and nuts?®?, and some of which had been demonstrated with antimicrobial effect?”*0-40,
Cranberry (Vaccinium macrocarpon), belong to the Ericaceae family, is one of the most well-known fruit against
UTI as evidenced in many trials**~. Besides cranberry, fresh juice (berry or fruit) have been was associated with
a decreased risk of recurrence of UTI (odds ratio: 0.66, 95% CI: 0.48-0.92, per 2 dL juice)*. Proanthocyanidins
(PAC), a member of tannins belong to phenolics found in cranberry and other fruits may defend against
microbes®. PAC inhibits the adhesion of P fimbriae in vitro via conformational changes and decrease in adhesion
forces®**3, and this in vitro anti-adherence effect is dose-dependent®. Moreover, fructose found in fruits may
also inhibit the adherence of type 1 fimbriae®®. These fimbriae-mediated adhesions are the key step for infec-
tion?. In addition to EXPEC, in vitro studies have shown that cranberry may inhibit adherence of other common
UTI pathogens including Klebsiella pneumoniae, Staphylococcus aureus, Proteus spp., Pseudomonas aeruginosa,
and Enterococcus faecalis’®*. Clinical research suggests the dose of cranberry as follows®’: (1) cranberry juice
cocktail 240-300 ml daily (preventing 50% of recurrences of UTIs and reducing bacteriuria), (2) dried, con-
centrated juice extract 600 to 1,200 mg per day divided into two or three daily doses, or (3) total 36 mg of PAC
in twice-daily manner. In addition to cranberry, other berries and fruits, such as elderberry (Sambucus nigra),
blueberry (Vaccinium corymbosum), strawberries (Fragaria ananassa), blackberries (Rubus spp.), red raspberry
(Rubus idaeus), blackcurrant (Ribes nigrum), and redcurrants (Ribes rubrum), also contain phenolics and may
have similar properties against p-fimbriated E. coli*’. Another plant with studies showing an effect against UTI
is roselle (Hibiscus sabdariffa)*®*-*°. Roselle, commonly consumed in the form of tea or jam in Taiwan, belongs
to the Malvaceae family and is rich in phytochemical phenolics especially anthocyanins®®. Alshami et al. had
demonstrated the antimicrobial activity of roselle extract against uropathogenic E. coli, K. pneumoniae, and
Candida albicans isolated from recurrent urinary tract infection, through inhibiting the biofilm forming capac-
ity***0. Moreover, commonly consumed nuts including almond, Brazil nut, cashew, chestnut, hazelnut, heartnut,
macadamia, peanut, pecan, pine nut, pistachio, and walnut also contain a variety of phytochemicals including
PAC, although there is no study demonstrating the antibacterial effect so far*!. Studies about medicinal plants
had shown many of them with broad spectrum antimicrobial activity against uropathogenic E. coli and other UTI
pathogens*>*’. However, the component contributing to the effect remains to be investigated. In sum, vegetarian
diets comprise abundant phytochemicals, which may contain anti-microbial properties and protect against UTI.

ExPECs isolated from animal food products and UTTI patients are very similar in antibiotic resistant patterns
and virulence factor profiles>*#444>, Antibiotics use in animal agriculture may contribute to the increasing antibi-
otic resistance in humans*!. The extended spectrum 3-lactamase (ESBL)-producing and fluoroquinolone-resistant
ExPECs, most of which are globally disseminated E. coli strain 025:H4-ST131 (accounting for 78%), are a major
problem with resistance to penicillins, cephalosporins, and fluoroquinolones**#¢. Moreover, the ESBLs encoded
on plasmids typically carry other antibiotic resistance genes against aminoglycosides, sulfonamides, and quinolo-
nes, leading to multidrug resistant®. The high recurrence rates and increasing multidrug resistance in ExPECs?
make antibiotic treatment of UTI challenging. Therefore, alternative non-antibiotic management for UTI is
important. High phytochemical content in a healthy vegetarian diet may provide an alternative prophylaxis from
and bactericidal effect against UTT?*°-%, and a study had demonstrated the PAC from cranberry also exhibited
the anti-adherence property in the multidrug resistant strains of uropathogenic P-fimbriated E. coli*’.

Several limitations must be noted in our study. (1) Our case definition is based on ICD-9 code rather than the
gold standard, which should be clinical symptoms and laboratory examination including pyuria and urine culture
with a more than 100,000 colony forming units per milliliter***. (2) Residual confounding may still remain as
several known confounders, including water intake®, sexual intercourse®>*!, intake of honeydew melon (which
may also contain ExPEC?, though evidence is insufficient), were not measured. (3) Although ExPEC is found
mainly from meat sources, one study reported the detection of ExXPEC isolates from a honeydew melon sample
of restaurant/ready-to-eat foods in North America®. To the best of our knowledge, E. Coli or ExPEC had never
been reported in plant based foods in Taiwan. The sporadic case of EXPEC in non-meat product may be due to
contamination and will require further research. However, if plant-based foods were a major source of EXPEC
contributing to UTI, the protective association between vegetarian diet and UTI would have been attenuated,
strengthening the null association. (4) Another limitation lies in our FFQ, which did not ask specifically about
intake of honeydew melon, cranberries, or roselle. Thus, we were unable to conduct further analysis on the asso-
ciation between UTI and these plant foods. In addition, the FFQ was self-administered with some degree of
missing values, that it is difficult to calculate the exact intake of specific phytochemicals known to contribute to
UTI-protection.
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In conclusion, vegetarian diet is protectively associated with UTI particularly in female and for uncomplicated

UTTL. Further study with identification of pathogens from urine culture is needed to clarify the relationship among
UTI risk, pathogens, and vegetarian diet.

Data availability

The data for this study (including National Health Insurance Research Database of Taiwan) is located at the Health
and Welfare Data Science Center, Ministry of Health and Welfare. Access to these data requires an application
to the Health and Welfare Data Science Center, Ministry of Health and Welfare, as per local law and regulation.

Received: 19 July 2019; Accepted: 23 December 2019;
Published online: 30 January 2020

References

1.

2.

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.
. Duda-Chodak, A., Tarko, T, Satora, P. & Sroka, P. Interaction of dietary compounds, especially polyphenols, with the intestinal
22.
23.
24.
25.
26.
27.
28.

29.
30.

31.
32.
33.

34,

Tandogdu, Z. & Wagenlehner, F. M. Global epidemiology of urinary tract infections. Curr. Opin. Infect. Dis. 29, 73-79, https://doi.
0rg/10.1097/qc0.0000000000000228 (2016).

Flores-Mireles, A. L., Walker, J. N., Caparon, M. & Hultgren, S. J. Urinary tract infections: epidemiology, mechanisms of infection
and treatment options. Nat. Rev. Microbiol. 13, 269-284, https://doi.org/10.1038/nrmicro3432 (2015).

. Russo, T. A. & Johnson, J. R. Medical and economic impact of extraintestinal infections due to Escherichia coli: focus on an

increasingly important endemic problem. Microbes Infect. 5, 449-456 (2003).

. Johnson, J. R. & Russo, T. A. Extraintestinal pathogenic Escherichia coli: “the other bad E. coli”. J. Lab. Clin. Med. 139, 155-162
(2002).
. Vincent, C. et al. Food reservoir for Escherichia coli causing urinary tract infections. Emerg. Infect. Dis. 16, 88-95, https://doi.

org/10.3201/eid1601.091118 (2010).

. Johnson, J. R., Kuskowski, M. A., Smith, K., O’Bryan, T. T. & Tatini, S. Antimicrobial-resistant and extraintestinal pathogenic

Escherichia coli in retail foods. J. Infect. Dis. 191, 1040-1049, https://doi.org/10.1086/428451 (2005).

. Jakobsen, L. et al. Escherichia coli isolates from broiler chicken meat, broiler chickens, pork, and pigs share phylogroups and

antimicrobial resistance with community-dwelling humans and patients with urinary tract infection. Foodborne Pathog. Dis. 7,
537-547, https://doi.org/10.1089/fpd.2009.0409 (2010).

. Manges, A. R. Escherichia coli and urinary tract infections: the role of poultry-meat. Clin. Microbiol. Infect. 22, 122-129, https://doi.

org/10.1016/j.cmi.2015.11.010 (2016).

. Chiu, T. H. et al. Relative validity and reproducibility of a quantitative FFQ for assessing nutrient intakes of vegetarians in Taiwan.

Public. Health Nutr. 17, 1459-1466, https://doi.org/10.1017/s1368980013001560 (2014).

Bonkat, G. e. a. EAU guidelines on urological infections. (European Association of Urology, 2018).

Lee, H. S. Urinary Tract Infections in Pharmacotherapy self-assessment program book 1: Infectious diseases. (2018).

Tedla, E. M., Brar, A., Browne, R. & Brown, C. Hypertension in chronic kidney disease: navigating the evidence. Int. J. Hypertens.
2011, 132405, https://doi.org/10.4061/2011/132405 (2011).

Stapleton, A. Urinary tract infections in patients with diabetes. Am. J. Med. 113(Suppl 1A), 80s-84s, https://doi.org/10.1016/s0002-
9343(02)01062-8 (2002).

Cheng-Jen, Y. C.-C. H., Lee, W.-C., Chiang, P-H. & Chuang, Y.-C. Medical diseases affecting lower urinary tract function. Urological
Sci. 24, 41-45 (2013).

Virdis, A., Giannarelli, C., Neves, M. E, Taddei, S. & Ghiadoni, L. Cigarette smoking and hypertension. Curr. Pharm. Des. 16,
2518-2525 (2010).

Tamadon, M. R,, Nassaji, M. & Ghorbani, R. Cigarette smoking and nephrolitiasis in adult individuals. Nephrourol. Mon. 5, 702-705,
https://doi.org/10.5812/numonthly.5251 (2013).

Mobley, D. & Baum, N. Smoking: Its Impact on Urologic Health. Rev. Urol. 17, 220-225 (2015).

Anderson, G. G. et al. Intracellular bacterial biofilm-like pods in urinary tract infections. Sci. 301, 105-107, https://doi.org/10.1126/
science.1084550 (2003).

Blanco, J. et al. National survey of Escherichia coli causing extraintestinal infections reveals the spread of drug-resistant clonal
groups 025b:H4-B2-ST131, O15:H1-D-ST393 and CGA-D-ST69 with high virulence gene content in Spain. J. Antimicrob.
Chemother. 66, 2011-2021, https://doi.org/10.1093/jac/dkr235 (2011).

Green, C. J. Fibre in enteral nutrition. Clin. Nutr. 20(Supplement 1), 23-39 (2001).

microbiota: a review. Eur. J. Nutr. 54, 325-341, https://doi.org/10.1007/s00394-015-0852-y (2015).

Zimmer, J. et al. A vegan or vegetarian diet substantially alters the human colonic faecal microbiota. Eur. J. Clin. Nutr. 66, 53-60,
https://doi.org/10.1038/ejcn.2011.141 (2012).

Wong, M. W. et al. Impact of vegan diets on gut microbiota: An update on the clinical implications. Ci Ji Yi Xue Za Zhi 30, 200-203,
https://doi.org/10.4103/tcmj.tcmj_21_18 (2018).

Orlich, M. J. et al. Patterns of food consumption among vegetarians and non-vegetarians. Br. . Nutr. 112, 1644-1653, https://doi.
0rg/10.1017/s000711451400261x (2014).

Segovia-Siapco, G., Burkholder-Cooley, N., Haddad Tabrizi, S. & Sabate, ]. Beyond Meat: A Comparison of the Dietary Intakes of
Vegetarian and Non-vegetarian Adolescents. Front. Nutr. 6, 86, https://doi.org/10.3389/fnut.2019.00086 (2019).

Lin, C. L., Wang, J. H., Chang, C. C,, Chiu, T. H. T. & Lin, M. N. Vegetarian Diets and Medical Expenditure in Taiwan-A Matched
Cohort Study. Nutrients, 11, https://doi.org/10.3390/nul11112688 (2019).

Dillard, C. J. & German, J. B. Phytochemicals: nutraceuticals and human health. Journal of the Science of Food and Agriculture, 80,
1744-1756, d0i:10.1002/1097-0010(20000915)80:12 < 1744::aid-jsfa725>3.0.co;2-w (2000).

King, A. & Young, G. Characteristics and occurrence of phenolic phytochemicals. J. Am. Diet. Assoc. 99, 213-218, https://doi.
0rg/10.1016/50002-8223(99)00051-6 (1999).

Craig, W. J. Phytochemicals: guardians of our health. J. Am. Diet. Assoc. 97, $199-204 (1997).

Hisano, M., Bruschini, H., Nicodemo, A. C. & Srougi, M. Cranberries and lower urinary tract infection prevention. Clin. 67,
661-668, https://doi.org/10.6061/clinics/2012(06)18 (2012).

Walker, E. B., Barney, D. P, Mickelsen, J. N., Walton, R. J. & Mickelsen, R. A. Jr. Cranberry concentrate: UTI prophylaxis. . Fam.
Pract. 45, 167-168 (1997).

Stothers, L. A randomized trial to evaluate effectiveness and cost effectiveness of naturopathic cranberry products as prophylaxis
against urinary tract infection in women. Can. J. Urol. 9, 1558-1562 (2002).

Kontiokari, T. et al. Dietary factors protecting women from urinary tract infection. Am. J. Clin. Nutr. 77, 600-604, https://doi.
org/10.1093/ajcn/77.3.600 (2003).

Foo, L. Y, Lu, Y., Howell, A. B. & Vorsa, N. The structure of cranberry proanthocyanidins which inhibit adherence of uropathogenic
P-fimbriated Escherichia coli in vitro. Phytochemistry 54, 173-181 (2000).

SCIENTIFIC REPORTS |

(2020) 10:906 | https://doi.org/10.1038/s41598-020-58006-6


https://doi.org/10.1038/s41598-020-58006-6
https://doi.org/10.1097/qco.0000000000000228
https://doi.org/10.1097/qco.0000000000000228
https://doi.org/10.1038/nrmicro3432
https://doi.org/10.3201/eid1601.091118
https://doi.org/10.3201/eid1601.091118
https://doi.org/10.1086/428451
https://doi.org/10.1089/fpd.2009.0409
https://doi.org/10.1016/j.cmi.2015.11.010
https://doi.org/10.1016/j.cmi.2015.11.010
https://doi.org/10.1017/s1368980013001560
https://doi.org/10.4061/2011/132405
https://doi.org/10.1016/s0002-9343(02)01062-8
https://doi.org/10.1016/s0002-9343(02)01062-8
https://doi.org/10.5812/numonthly.5251
https://doi.org/10.1126/science.1084550
https://doi.org/10.1126/science.1084550
https://doi.org/10.1093/jac/dkr235
https://doi.org/10.1007/s00394-015-0852-y
https://doi.org/10.1038/ejcn.2011.141
https://doi.org/10.4103/tcmj.tcmj_21_18
https://doi.org/10.1017/s000711451400261x
https://doi.org/10.1017/s000711451400261x
https://doi.org/10.3389/fnut.2019.00086
https://doi.org/10.3390/nu11112688
https://doi.org/10.1016/s0002-8223(99)00051-6
https://doi.org/10.1016/s0002-8223(99)00051-6
https://doi.org/10.6061/clinics/2012(06)18
https://doi.org/10.1093/ajcn/77.3.600
https://doi.org/10.1093/ajcn/77.3.600

www.nature.com/scientificreports/

35. Liu, Y. et al. Cranberry changes the physicochemical surface properties of E. coli and adhesion with uroepithelial cells. Colloids Surf.
B Biointerfaces 65, 35-42, https://doi.org/10.1016/j.colsurfb.2008.02.012 (2008).

36. Lee, Y. L. et al. Anti-microbial Activity of Urine after Ingestion of Cranberry: A Pilot Study. Evid. Based Complement. Altern. Med. 7,
227-232, https://doi.org/10.1093/ecam/nem183 (2010).

37. Julie, B., Alan, C. & Garry, G. D. Potential Health Benefits of Berries. Curr. Nutr. Food Sci. 1, 71-86, https://doi.org/10.2174/15734010529
53294 (2005).

38. Riaz, G. & Chopra, R. A review on phytochemistry and therapeutic uses of Hibiscus sabdariffa L. Biomed. Pharmacother. 102,
575-586, https://doi.org/10.1016/j.biopha.2018.03.023 (2018).

39. Alshami, I. & Alharbi, A. E. Antimicrobial activity of Hibiscus sabdariffa extract against uropathogenic strains isolated from
recurrent urinary tract infections. Asian Pac. J. Tropical Dis. 4, 317-322, https://doi.org/10.1016/52222-1808(14)60581-8 (2014).

40. Alshami, I. & Alharbi, A. E. Hibiscus sabdariffa extract inhibits in vitro biofilm formation capacity of Candida albicans isolated from
recurrent urinary tract infections. Asian Pac. J. Trop. Biomed. 4, 104-108, https://doi.org/10.1016/s2221-1691(14)60217-3 (2014).

41. Alasalvar, C. & Bolling, B. W. Review of nut phytochemicals, fat-soluble bioactives, antioxidant components and health effects. Br. J.
Nutr. 113(Suppl 2), S68-78, https://doi.org/10.1017/s0007114514003729 (2015).

42. Sharma, A., Chandraker, S., Patel, V. K. & Ramteke, P. Antibacterial Activity of Medicinal Plants Against Pathogens causing
Complicated Urinary Tract Infections. Indian. J. Pharm. Sci. 71, 136-139, https://doi.org/10.4103/0250-474x.54279 (2009).

43. Elisha, I. L., Botha, E. S., McGaw, L. J. & Eloff, J. N. The antibacterial activity of extracts of nine plant species with good activity
against Escherichia coli against five other bacteria and cytotoxicity of extracts. BMC Complement. Altern. Med. 17, 133, https://doi.
org/10.1186/512906-017-1645-z (2017).

44. Johnson, J. R. et al. Antimicrobial drug-resistant Escherichia coli from humans and poultry products, Minnesota and Wisconsin,
2002-2004. Emerg. Infect. Dis. 13, 838-846, https://doi.org/10.3201/eid1306.061576 (2007).

45. Singer, R. S. Urinary tract infections attributed to diverse ExPEC strains in food animals: evidence and data gaps. Front. Microbiol.
6, 28, https://doi.org/10.3389/fmicb.2015.00028 (2015).

46. Lazarus, B., Paterson, D. L., Mollinger, J. L. & Rogers, B. A. Do human extraintestinal Escherichia coli infections resistant to
expanded-spectrum cephalosporins originate from food-producing animals? A systematic review. Clin. Infect. Dis. 60, 439-452,
https://doi.org/10.1093/cid/ciu785 (2015).

47. Gupta, A. et al. Inhibition of adherence of multi-drug resistant E. coli by proanthocyanidin. Urol. Res. 40, 143-150, https://doi.
org/10.1007/s00240-011-0398-2 (2012).

48. Wilson, M. L. & Gaido, L. Laboratory diagnosis of urinary tract infections in adult patients. Clin. Infect. Dis. 38, 1150-1158, https://
doi.org/10.1086/383029 (2004).

49. Schmiemann, G., Kniehl, E., Gebhardt, K., Matejczyk, M. M. & Hummers-Pradier, E. The diagnosis of urinary tract infection: a
systematic review. Dtsch. Arztebl Int. 107, 361-367, https://doi.org/10.3238/arztebl.2010.0361 (2010).

50. Lotan, Y. et al. Impact of fluid intake in the prevention of urinary system diseases: a brief review. Curr. Opin. Nephrol. Hypertens.
22(Suppl 1), S1-10, https://doi.org/10.1097/MNH.0b013e328360a268 (2013).

51. Minardi, D., dAnzeo, G., Cantoro, D., Conti, A. & Muzzonigro, G. Urinary tract infections in women: etiology and treatment
options. Int. . Gen. Med. 4, 333-343, https://doi.org/10.2147/ijgm.s11767 (2011).

Acknowledgements

This work was supported by a grant from the Department of Health in Taiwan (grant number: DOH94-
TD-F-113-044) for cohort establishment, and by grants (grant numbers: TCMMPSP104-08-02, TCMMP105-
13-05, TCMMP106-04-01) from the Buddhist Tzu Chi Medical Foundation for cohort follow-ups and linkage to
the National Health Insurance Research Database.

Author contributions

Y.C.C. wrote the first draft of the manuscript. C.C.C. made linkage to the National Health Insurance
Research Database and conducted the statistical analysis. C.L.L. and M.N.L. designed the study and collected the
data. T.C. contributed to revision of the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.-L.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFIC REPORTS |

(2020) 10:906 | https://doi.org/10.1038/s41598-020-58006-6


https://doi.org/10.1038/s41598-020-58006-6
https://doi.org/10.1016/j.colsurfb.2008.02.012
https://doi.org/10.1093/ecam/nem183
https://doi.org/10.2174/1573401052953294
https://doi.org/10.2174/1573401052953294
https://doi.org/10.1016/j.biopha.2018.03.023
https://doi.org/10.1016/S2222-1808(14)60581-8
https://doi.org/10.1016/s2221-1691(14)60217-3
https://doi.org/10.1017/s0007114514003729
https://doi.org/10.4103/0250-474x.54279
https://doi.org/10.1186/s12906-017-1645-z
https://doi.org/10.1186/s12906-017-1645-z
https://doi.org/10.3201/eid1306.061576
https://doi.org/10.3389/fmicb.2015.00028
https://doi.org/10.1093/cid/ciu785
https://doi.org/10.1007/s00240-011-0398-2
https://doi.org/10.1007/s00240-011-0398-2
https://doi.org/10.1086/383029
https://doi.org/10.1086/383029
https://doi.org/10.3238/arztebl.2010.0361
https://doi.org/10.1097/MNH.0b013e328360a268
https://doi.org/10.2147/ijgm.s11767
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The risk of urinary tract infection in vegetarians and non-vegetarians: a prospective study

	Materials and Methods

	Study design and population. 
	Assessment of disease status. 
	Dietary assessment. 
	Exclusion criteria. 
	Case ascertainment. 
	Statistical analysis. 
	Ethical approval. 
	Informed consent. 

	Results

	Baseline characteristics. 
	Risk factors associated with UTI. 
	Subgroup analysis. 

	Discussion

	Acknowledgements

	Figure 1 Chart showing the flow from TCVS to eligible study population and UTI case identification.
	Figure 2 Kaplan-Meier curve of crude data over the ten-year period for vegetarians and non-vegetarians.
	Table 1 The pathogenic potential of the three main different groups of E.
	Table 2 Baseline characteristics of vegetarian and non-vegetarian groups.
	Table 3 UTI risks associated with vegetarian diet and other factors by Cox regression.
	Table 4 Hazard ratios (95% confidence interval) of UTI in different dietary and sex groups with different adjusted models by Cox regression.
	Table 5 Subgroup analysis of UTI risks in vegetarians versus non-vegetariansSubgroups.
	Table 6 UTI risks of vegetarian diet in uncomplicated and complicated categories compared with non-vegetarian group by Cox regression.




