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Abstract 40 

Several studies have identified bacteria and other microbes in the bladder and lower urinary 41 

tract in the absence of infection. In women, the urinary microbiome has been associated with 42 

lower urinary tract symptoms (LUTS), however, similar studies have not been undertaken in 43 

large cohorts of men. Here we examine the urinary microbiome and its association with LUTS in 44 

a subset of 500 men aged 65 to 90 years from the Osteoporotic Fractures in Men (MrOS) study. 45 

We identified significant associations between benign prostatic hyperplasia (BPH), age, and 46 

body mass index (BMI) with several diversity metrics. Our analysis revealed complex 47 

relationships between BMI, BPH, LUTS, and alpha diversity which give insight into the intricate 48 

dynamics of the urinary microbiome. By beginning to uncover the interrelationships of BPH, 49 

BMI, LUTS, and the urinary microbiome, these results can inform future study design to better 50 

understand the heterogeneity of the male urinary microbiome.  51 
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Introduction 66 

The bladder and urinary tract have long been considered sterile in the absence of infection; 67 

however, several studies have found evidence of a resident microbiome in both males and 68 

females.1–3 The urinary microbiome encompasses the bacteria, archaea, fungi, and viruses that 69 

inhabit the bladder and urinary tract, and these microbes may play a role in diseases and 70 

disorders affecting the urogenital system. The majority of urinary microbiome studies have 71 

examined the female urinary microbiome and found there are various healthy microbiome 72 

compositions commonly dominated by Lactobacillus, Gardnerella, Streptococcus, 73 

Staphylococcus, Corynebacterium, and Escherichia.4,5 Urinary microbiome studies in men have 74 

revealed several of the same bacteria found in women, such as Escherichia, Lactobacillus, and 75 

Streptococcus, but the male urinary microbiome can also be dominated by genera such as 76 

Prevotella and Enterococcus.6–8  77 

Importantly, differences in the types of bacteria found in the bladders of women have 78 

been associated with recurrent urinary tract infections,9 as well as lower urinary tract symptom 79 

(LUTS) such as urge incontinence (the sudden urge to urinate followed by leakage of urine).10,11 80 

The composition of the female urinary microbiome has also been found to be predictive of 81 

response to urgency urinary incontinence treatment, with a positive treatment response 82 

observed in patients with a less diverse microbiome.9 These studies have identified specific 83 

associations between the urinary microbiome and urological diseases, and indicate more 84 

broadly that the urinary microbiome may play a role in human health and disease.  85 

Despite the numerous studies undertaken in women, far less is known about the urinary 86 

microbiome in men.12 Similar to the female urinary microbiome, there are studies demonstrating 87 

that alterations in male urinary microbiome composition have been associated with diseases 88 

and disorders. A “male urinary microbiome” literature search in 2023 resulted in 22 primary 89 

research articles. Researchers have identified potential relationships between the male urinary 90 

microbiome and kidney stones,12 benign prostatic hyperplasia (BPH),13 as well as bladder and 91 
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prostate cancers,14,15  among many other disorders. Nonetheless, the urinary microbiome 92 

studies undertaken in men have had small cohorts (n < 100) and few have directly investigated 93 

the potential link between body mass index (BMI), age, and the male urinary microbiome. These 94 

associations could impact future study design and analysis. Larger studies are needed to both 95 

study and evaluate the broad applicability of these findings in males.  96 

Additionally, although clear associations have been found between the female urinary 97 

microbiome and LUTS, the same associations have not been identified in a large cohort of men. 98 

Approximately one-third of men over the age of 50 experience moderate to severe LUTS.16 The 99 

main cause of LUTS is thought to be BPH, which is hypothesized to press on the bladder and/or 100 

urethra; however, this may not be the underlying etiology for all LUTS in all men. Here, we 101 

evaluated the urinary microbiome from a large cohort of older community-dwelling men using 102 

urine samples from the NIH-funded Osteoporotic Fractures in Men (MrOS) study 17.  Our goals 103 

were to identify microbiome associations with clinical characteristics such as age, BMI, BPH, 104 

and general medical history, as well as identify associations with LUTS, including symptoms 105 

related to both urgency (irritation) and pushing or straining (obstruction). 106 

 107 

Results: 108 

Clinical characteristics of study participants 109 

We utilized urine samples and phenotypic data from 500 men at baseline as part of the MrOS 110 

study.17,18  These 500 men were randomly selected from the overall cohort of 5994 MrOS 111 

participants. The average age of the participants in the current analysis was 73.0 ± 5.7 years, 112 

with an average BMI of 27.9 ± 3.8 kg/m2. (Table 1). Participants completed a questionnaire 113 

detailing medical history, current health status, and overall quality of life. All participants 114 

provided a morning second-voided urine sample and completed a LUTS assessment using the 115 

International Prostate Symptom Score (IPSS). Just over half of participants (55.8%) had IPSS 116 
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scores of 7 or lower and were designated as men with no/mild LUTS, while 44.2% of 117 

participants had scores higher than 7 and were designated as men with moderate to severe 118 

LUTS. All voided urine samples underwent 16S rRNA amplicon sequencing of the V4 region to 119 

determine urinary microbiome composition (see Methods). None of the participants reported a 120 

current urinary tract infection or recent use of antibiotics.  121 

Grouped by LUTS status, the mean age in men with moderate to severe LUTS (73.7 122 

years) was slightly but significantly higher (n=0.013) compared with those with mild to moderate 123 

LUTS (72.4 years). There was a significant difference (p < 0.001) in the prevalence of reported 124 

BPH between the two groups, with 60.5% of men with moderate to severe LUTS having a 125 

history of BPH, compared with 38.1% in the no to mild LUTS group. Significantly more men with 126 

moderate to severe LUTS also had a history of prostatitis (27.6%) compared with those with 127 

no/mild LUTS (17.7%, p = 0.014).  The men with moderate to severe LUTS having both higher 128 

rates of BPH and prostatitis is expected, as an enlarged prostate and inflammation are common 129 

risk factors for more severe LUTS.19 There was, however, no correlation between BMI and 130 

LUTS severity, as both groups had a similar BMI (no to mild- 27.9 kg/m2; moderate to severe- 131 

28.0 kg/m2) in contrast to one prior study.16 There were also no significant differences in multiple 132 

baseline clinical characteristics, such as prevalence of diabetes, which was approximately 14% 133 

of the men in each group, or race (Table 1).  134 

 135 

BPH, BMI, and age are drivers of male urinary microbiome diversity 136 

Of the total cohort, 25 samples were removed due to insufficient sequencing reads (<1000 137 

reads), leaving a total of 475 samples for subsequent analysis. Like other body sites, the male 138 

urinary microbiome composition varied between individuals and is highly heterogenous (Figure 139 

S1a, Figure S2).  Twenty-one phyla and 571 genera were identified in the male urinary 140 

microbiome, with 54 genera being core members (present in at least 10% of samples). 141 

Firmicutes was the most abundant phyla with a mean of 40.2% ± 25.7%, followed by 142 
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Proteobacteria, Actinobacteria, and Bacteroidetes (27.4% ± 27.9%, 15.0% ± 15.4%, and 13.4% 143 

± 15.7%, respectively Figure S1b). In the majority of samples, either Firmicutes or 144 

Proteobacteria was the dominant phyla, consistent with prior male urinary microbiome 145 

studies.1,20,21 The five most abundant genera identified were Staphylococcus, Neisseria, 146 

Corynebacterium, Prevotella, and Streptococcus (Figure S1c).1,21 147 

 148 

Table 1. Clinical characteristics of the men from the MrOS study with urinary microbiome data.  149 

 Participants 

(n=475) 

No/mild LUTS 

(n=265) 

Moderate/Severe 

LUTS (n=210) 

p-value 

Age (y), mean 

(s.d.) 

73.0 ± 5.7 72.4 (5.2) 73.7 (6.1) 0.013 

BMI (kg/m2), mean 

(s.d.) 

27.9 ± 3.8 27.9 (3.6) 28.0 (4.1) 0.693 

Race/ethnicity, 

white (%) 

420 (88.4%) 231 (87.2%) 189 (90.0%) 0.416 

Diabetes (%) 

               No 

               Missing 

69 (14.5%) 

366 (77.1%) 

40 (8.4%) 

39 (14.7%) 

207 (78.1%) 

19 (7.2%) 

30 (14.3%) 

159 (75.7%) 

21 (10.0%) 

0.544 

Prostatitis history 

(%) 

105 (22.1%) 47 (17.7%) 58 (27.6%) 0.014 

BPH history (%) 228 (48.0%) 101 (38.1%) 127 (60.5) <0.001 

Cancer history (%) 

               Other 

               Prostate 

 

89 (18.7%) 

65 (13.7) 

 

47 (17.7%) 

35 (13.2) 

 

42 (20.0%) 

30 (14.3) 

0.736 

 150 
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We next evaluated if the diversity of the male urinary microbiome was associated with 151 

specific clinical characteristics (Table Sup2, Figure 1a). We identified significant associations 152 

between BPH and several measures of alpha diversity of the urinary microbiome (Shannon, 153 

Inverse Simpson, and Pielou indices, p < 0.05). We found that men with BPH tended to have 154 

increased alpha diversity when compared with men without BPH. We did not identify any 155 

significant associations between BPH and any beta diversity measures (weighted UNIFRAC, 156 

Unweighted UNIFRAC, Bray-Curtis), but all three beta diversity measures were significantly 157 

associated with both BMI and age (Figure 1a).  We also did not identify any significant 158 

associations with urinary alpha diversity and age, BMI, diabetes, prostatitis, or race.  159 

Based on the associations between BMI and beta diversity, we next compared the 160 

relative abundances of the five most abundant phyla and 10 most abundant genera between 161 

men with BMIs in the healthy, overweight, and obese ranges. We found no significant 162 

differences in relative abundances at the phylum level. However, we identified differences at the 163 

genus level for three genera (Corynebacterium, Staphylococcus, and Streptococcus, (Figure 164 

1b, Figure S3). Overall, obese men had the lowest abundance of Corynebacterium, 165 

Staphylococcus, and Streptococcus, whereas healthy men had the highest relative abundances. 166 

All three genera are known members of a healthy male urinary microbiome,1,8 and significant 167 

differences in relative abundances of these taxa have been described in the gut microbiomes 168 

between obese individuals and those with lower BMIs.26 We also examined the 5 most 169 

abundant phyla and 10 most abundant genera between individuals with and without BPH and of 170 

different age groups (determined by tertile). We found no significant differences with BPH (data 171 

not shown); however, the urinary microbiomes of men 76 to 90-years old had significantly higher 172 

relative abundance of Actinobacteria compared to men 71 to 75-years-old (p = 0.03, Figure 173 

S4).  174 

We next determined how specific taxa in the male urinary microbiome were associated 175 

with age, BMI, BPH, and the remaining clinical characteristics reported in Table 1. To 176 
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accomplish this, we employed an exploratory analysis using the machine-learning method, 177 

Hierarchical All-against-All (HAllA) association testing, which is high-sensitivity pattern discovery 178 

in large, paired multi-omic datasets.27 HAllA detects possible associations with specific taxa and 179 

accompanying metadata using a statistical method for discovery. After applying HAllA at the 180 

phylum, family, and genus levels, we discovered a significant association between BMI and the 181 

genus Dialister (p = 0.026). Dialister has previously been reported in both the female and male 182 

urinary microbiome, as well as in the gut microbiome.6,28 In the gut, higher abundances of 183 

Dialister were found in people with a higher BMI and is associated with difficulty in losing 184 

weight.29–31 Similarly, in our data we found Dialister to be present in 23.2% of samples (Figure 185 

1c), with the highest proportion in obese men, followed be overweight men, and lastly healthy 186 

weight men (37.3%, 20.9%, and 12.5% respectively, p<0.0001, Figure 1c). We also identified 187 

an association between the prevalence of diabetes and the phylum Bacteroidetes (p = 0.017), 188 

which has been shown to have a similar association in the gut microbiome, but has not been 189 

previously described in the male urinary microbiome.32 We did not identify associations between 190 

specific taxa and age or BPH using HAllA. Although age and BPH are significantly associated 191 

with beta diversity and alpha diversity, respectively, these HAllA results do not point to any 192 

specific bacteria. This suggests that multiple bacteria in the microbiome community likely 193 

contribute to the differences seen above in diversity.  194 

 195 
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 196 

Figure 1. BMI is a dominant influence on beta diversity in this population. a) Table of p-values 197 

of PERMANOVA testing the relationship of the clinical characteristics with the beta diversity 198 

metrics of the urinary microbiome. BMI and age are both significantly associated with all three 199 

beta diversity metrics (bolded). b) Boxplots of relative abundance of Corynebacterium, 200 

Staphylococcus, and Streptococcus for men at healthy weight (red), overweight (green), and 201 

obese (blue) BMIs. c) Lollipop plot showing the percent of samples that contain Dialister by BMI 202 

grouping. A significantly higher proportion of obese individuals have Dialister in their urinary 203 

microbiomes as compared with both overweight and healthy weight individuals (p < 0. 00001).   204 
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Clustering reveals 8 “Urotypes” 205 

After examining specific taxa and their associations with clinical characteristics of this MrOS 206 

cohort, we sought patterns in the overall urinary microbiome composition. In view of the 207 

associations between the urinary microbiome and BPH, BMI, and age, we determined if the 208 

associations between BMI, age, and BPH vary in the context of different microbiome 209 

compositions. We used Dirichlet multinomial modeling (DMM) to cluster samples with similar 210 

urinary microbiome compositions into “urotypes.”33 DMM clustering on members of the core  211 

urobiome revealed eight urotypes each dominated by a specific bacterium (Figure 2a). Each 212 

urotype contains between 19 and 89 samples. Urotypes 1, 2, and 7 were dominated by 213 

Staphyloccocus, while the rest were dominated by Corynebacterium, Neisseria, Prevotella, and 214 

Anaerococcus. Many clusters are dominated by a single bacterium while others are more 215 

diverse – for example cluster 5 is predominantly Neisseria, while cluster 4 is more diverse with 216 

high proportions of Neisseria, Streptococcus, and Escherichia.  217 

Next, we investigated clinical characteristics within the urotypes, and observed no 218 

significant differences in age, diabetes, prostatitis, BPH, or cancer. However, in line with our 219 

previous findings which established BMI is correlated with the composition of the male urinary 220 

microbiome, we determined the urotypes had significantly different proportions of samples 221 

belonging to healthy weight, overweight, and obese individuals (p = 0.02, Figure 2c).  Earlier 222 

we determined a relationship between Dialister and the urinary microbiomes of obese men; 223 

thus, we wanted to explore that connection within these urotypes. We discovered that 88.1% of 224 

the individuals of urotype 5, which has the highest percentage of obese men (42.4%) and lowest 225 

percentage of healthy weight men (10.2%, Figure 2c), had Dialister in their urinary microbiomes 226 

(Figure 2d). Interestingly, urotype 8 has the second most obese men (31.6%), yet none of 227 

those men had Dialister in their urinary microbiomes.  228 
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 229 

Figure 2. Distinct patterns of the male microbiome are present and are associated with BMI. A) 230 

Stacked bar plots of the eight urotypes created using Dirichlet Multinomial modeling. Each 231 

urotype is dominated by specific bacteria b.) Table summarizing the clinical characteristics for 232 

each urotype. BMI is significantly different between urotypes (p = 0.02, bolded) c) Traces of the 233 

percent of samples in each urotype colored by BMI group. D.) Bar graph of the percent of 234 

Dialister in each urotype. Urotype 5 has the highest percentage of Dialister and obese men.  235 

 236 

BMI, BPH and LUTS characteristics are associated with the diversity of the male urinary 237 

microbiome 238 

Next, we wanted to determine if there was an association between LUTS and the male urinary 239 

microbiome.  Since our results demonstrated that BPH, BMI, and age are associated with the 240 

overall male urinary microbiome composition, and previous studies have shown that BPH and 241 

BMI can also impact LUTS, we incorporated these variables into subsequent analysis. 242 
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To evaluate whether there are associations between the microbiome and LUTS, we first 243 

looked at the complexity of the samples. Men with no to mild LUTS had an average of 16,369 244 

reads per sample (minimum 1,018; maximum 101,017), while men with moderate to severe 245 

LUTS averaged 19,367 reads per sample (minimum 1,184; maximum 81,167; p = 0.04, Figure 246 

S5). 247 

We then inspected the urinary microbiome compositions in men with no to mild LUTS 248 

compared with those with moderate to severe LUTS and did not find significant differences 249 

(Figure 3a). We also examined alpha diversity metrics (Kruskal-Wallis test) and beta diversity 250 

metrics (PERMANOVA analysis) of the urinary microbiome composition in these two groups, 251 

and found no significant differences were found even when adjusted for BPH, BMI, and age 252 

(Figure 3c and Figure 3d).  253 

 LUTS is defined broadly, encompassing both irritative and obstructive symptoms, and 254 

we hypothesized that there may be differences in the microbiome that were related to these 255 

characteristics rather than overall severity. For example, studies on LUTS and the urinary 256 

microbiome in women have found significant differences in women with stress incontinence 257 

versus urgency incontinence;25 however, differences are not typically found when examining 258 

overall incontinence.34  After separating the IPSS questions into those addressing irritative 259 

versus obstructive symptoms, we found the majority of men experienced some degree of both 260 

symptoms. Fewer had irritative symptoms alone, while less than 1% of men experienced only 261 

obstructive symptoms (Figure 3b). Irritative symptom scores ranged from 0 to 15, while 262 

obstructive symptoms ranged from 0 to 18.  263 

Taking a closer look at how obstructive and irritative symptoms are associated with 264 

alpha and beta diversity, we used a Kruskal-Wallis Test and adjusted for BPH, BMI, and age. 265 

We found the Inverse Simpson alpha diversity measures significantly associated with 266 

obstructive symptoms and irritative symptoms independently (Figure 3f). Obstructive symptoms 267 

were also associated with the Shannon index, while the association with irritative symptoms was  268 
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 269 

Figure 3. The alpha diversity of the male urinary microbiome is associated with irritative and 270 

obstructive LUTS when adjusted for BMI and BPH. A) Stacked bar plot of the male urinary 271 

microbiome subset by LUTS status. B) Pie chart showing percentage of men in the MrOS 272 

cohort who experience no symptoms, obstructive symptoms only, irritative symptoms only, and 273 

both obstructive and irritative symptoms.  C) P-values for alpha diversity metrics and d) beta 274 

diversity metrics for broad LUTS (no to mild LUTS versus moderate to severe LUTS) and 275 

obstructive and irritative symptoms. Adjusted model includes interaction terms for BMI and BPH 276 

e) Significant interactions between BMI, BPH, and irritative or f) obstructive symptoms influence 277 

inverse Simpson index. 278 
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weaker, and not significant (Shannon, p = 0.06). In PERMANOVA comparisons, we found no 279 

associations with beta diversity and obstructive nor irritative symptoms (Figure 3d).  In addition 280 

to the alpha diversity, we also discovered significant interactions between irritative symptoms 281 

and BPH and BMI (Figure 3e), as well as similar results with obstructive symptoms (Figure 3f). 282 

In other words, men with BPH have varying associations between alpha diversity and symptom 283 

severity depending on BMI, and there are different associations if the individual does not have 284 

BPH. For example, in the healthy weight population, men with a higher Inverse Simpson index 285 

tended to have increased irritative symptoms if they do not have BPH (Figure 3e). However, the 286 

converse is true if they have BPH. We see the opposite trends for men in the overweight 287 

category and found that BPH does not have the same impact in the obese group.  288 

 289 

Enterococcaceae and Caulobacteraceae are associated with irritative symptoms 290 

In light of irritative and obstructive symptoms and their potential role in the diversity of the male 291 

urinary microbiome, we re-examined the eight urotypes and HAllA. There were no significant 292 

differences in the obstructive and irritative symptom scores between urotypes (p>0.05), nor 293 

when investigating broad LUTS severity. 294 

To discover relationships with specific taxa and LUTS severity or irritative and 295 

obstructive symptoms in the older male urinary microbiome, we again employed (HAllA)27. 296 

Supporting our previous results, no significant associations at any taxonomic resolution were 297 

identified with overall LUTS score. We investigated irritative versus obstructive symptom scores 298 

independently, which resulted in associations at the family level, between irritative symptoms 299 

and the presence of Enterococcaceae (p = 0.002) and Caulobacteraceae (p < 0.001) 300 

independently. Enterococcaceae has previously been described in the female urinary 301 

microbiome of women with mild and moderate to severe LUTS.35 Caulobacteraceae has been 302 

found in the healthy canine urinary microbiome,36 as well as the urinary microbiome of 303 
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spontaneously tolerant kidney-transplant recipients;37 however, no research has shown any 304 

relationship to urgency or LUTS. 305 

We further assessed each of the questions from the American Urological Association 306 

symptom index (AUA-SI) questionnaire for a more granular analysis and found an association at 307 

the genus level between the urge to urinate frequently and Mobiluncus (p < 0.01). Mobiluncus is 308 

primarily found in post-menopausal women and women with bacterial vaginosis and has not 309 

previously been reported to persist in the male urinary microbiome.38,39  310 

 311 

Discussion 312 

Our analysis of a relatively large cohort of older community-dwelling men revealed that the male 313 

urinary microbiome is heterogeneous and exhibits a great deal of inter-individuality in the 314 

present microbes. We found that the male urinary microbiome is dominated by Staphylococcus, 315 

Corynebacterium, Prevotella, and Finegoldia, which supports previous research (Figure 316 

S1c).1,40  We also identified complex relationships between the male urinary microbiome and 317 

BMI, BPH, age, and LUTS. While previous studies have found age-specific compositional 318 

differences in the urinary microbiome regardless of gender,2 associations between BMI and the 319 

urinary microbiome have been established only in women.25 320 

A major finding of our study is the significant association between BMI and the male 321 

urinary microbiome composition (Figure 1a). Similar associations have been identified in other 322 

microbiome communities in the human body41 and in the urinary microbiome in women, 25 but 323 

have not yet been reported in the male urinary microbiome. This means that men with similar 324 

BMIs have similar urinary microbiome compositions, compared to men with different BMIs 325 

regardless of age, BPH, and medical history.   326 

We found that BMI is linked to specific genera as well as to the overall microbiome 327 

composition. Using a Kruskal Wallis rank sum test, the relative abundances of 328 

Corynebacterium, Staphylococcus, and Streptococcus were significantly different in healthy 329 
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weight, overweight, and obese men; obese men had a decreased abundance of all three 330 

genera, whereas healthy weight men had an increased abundance (Figure 1b). Since these 331 

genera are typically found in a healthy urinary microbiome, and BMI is significantly associated 332 

with beta diversity, we can hypothesize that the lower relative abundance of these three genera 333 

allows other bacteria, like Dialister, to create a niche in those communities. A machine-learning 334 

approach, HAllA, revealed a significant relationship between the abundance of Dialister and 335 

higher BMI (Figure 1c), an association which has not been previously reported in the context of 336 

the urinary microbiome.29–31 In the gut, many studies have shown Dialister in individuals with 337 

higher BMIs and who have difficulty losing weight.26,30,41,42 One study surmised that Dialister 338 

aggravates the host inflammatory response and insulin resistance by releasing more 339 

lipopolysaccharides,30 which are known to be an important feature in metabolic disease and 340 

weight gain.43 Interestingly, in the DMM clustering that revealed eight urotypes (Figure 2), 341 

urotype 5 contained the highest percentage of obese men and the highest percentage of men 342 

with Dialister. Although this mechanism has not been studied in the urinary microbiome, a 343 

similar one could be at play. Interestingly, in the DMM clustering that revealed eight urotypes 344 

(Figure 2), in the second highest cluster of obese men (urotype 7) Dialister was not detected. 345 

We believe this is something to investigate further and examine if other bacterial communities in 346 

the urinary microbiome could have an association with BMI.  347 

We also observed that men with BPH tended to have a higher alpha diversity in their 348 

urinary microbiome as compared to men without (Table Sup2) – a finding that had previously 349 

not been reported in studies.23 BPH has previously been associated with significant changes in 350 

the urinary microbiota and in the microbes of the prostate tissue itself.22,23 In rats, BPH has been 351 

associated with the beta diversity of the gut microbiome; however, no such studies have been 352 

undertaken in humans.24 353 

We did not identify significant associations between overall LUTS score and the urinary 354 

microbiome composition in men.  Previous work has shown an association between more 355 
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severe LUTS and the following genera: Haemophilus, Staphylococcus, Dolosigranulum, Listeria, 356 

Phascolarctobacterium, Enhydrobacter, Ruminococcus, Bacillus, Faecalibacterium, and 357 

Finegoldia.23  We did not find Listeria nor Ruminococcus in our dataset, and there were no 358 

associations between the other genera and LUTS severity. However, we believe the overall 359 

IPSS severity score may not allow for the detection of associations with specific causes of 360 

urinary symptoms (e.g., irritative and obstructive symptoms), which could have different 361 

etiologies. We considered the hypothesis that individual elements of the LUTS symptoms score 362 

could have different associations with the microbiome. For instance, irritative symptoms could 363 

have more inflammatory bacteria, while obstructive symptoms could be the result of bacteria 364 

more likely to create a biofilm which could create some blockage while voiding. In support of this 365 

idea, we did find significant associations between alpha diversity metrics and specific 366 

obstructive and irritative LUTS symptoms when the analyses were adjusted for BMI, BPH, and 367 

age. The inverse Simpson index was significantly associated with both obstructive and irritative 368 

symptoms; however, different trends were observed depending on BMI grouping and BPH 369 

(Figure 3e-f). Similar to what was discussed earlier with Dialister and BMI, these results 370 

suggest that there could be different mechanisms causing irritative or obstructive symptoms in 371 

obese men as compared to overweight men with or without BPH.  372 

HAllA unveiled associations at the family level between Enterococcaceae and 373 

Caulobacteracaea with irritative symptoms; however, no associations were found at the phylum 374 

or genus level, nor any associations with obstructive symptoms. The HAllA analysis was 375 

restricted to 54 of the 571 genera, so this may have contributed to our limited findings. More 376 

work is needed to determine which taxa are important for irritative and obstructive symptoms; 377 

however, the heterogeneity of bacteria between individuals and other characteristics of the 378 

microbiome may not yield consensus. In other words, biological functions may be more 379 

homogenous and may be more indicative of phenotype or symptoms, despite being caused by a 380 

number of different bacteria.  381 
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The large sample size of this study allowed us to investigate broad trends across the 382 

urinary microbiome of older community-dwelling men. Although we had a rich dataset, there 383 

were some limitations that may have affected our analysis. Elements of the phenotypic data 384 

(e.g., history of diabetes and cancer) were self-reported and thus subject to errors. The samples 385 

collected were voided urine, which have been reported to not represent only the male bladder 386 

microbiome, but instead be a mixture of the bladder and urethral communities.21 Also, as with 387 

any 16S rRNA sequencing study, analysis was limited to the genus level, and resolution to the 388 

species level may improve findings. For example, there are many different species of Dialister. 389 

Finally, the LUTS score is based on a set of symptoms that may be the result of multiple 390 

biological pathways, and thus difficult to disentangle.   391 

In summary, the male urinary microbiome is complex and challenging to investigate. 392 

There is considerable individual variation in the urinary microbiome in men, and that variation 393 

may be related to the presence and character of LUTS. Our study indicates that considering the 394 

specific type of LUTS is important in understanding the contribution of urinary microbiota to 395 

urinary disorders in men. We also revealed there is an intricate connection between BMI, BPH, 396 

urinary microbiome diversity, and severity of irritative and obstructive symptoms. More studies 397 

are needed to further investigate these covariates, and we believe future urinary microbiome 398 

studies in men should heavily consider BMI and BPH in study designs and analyses. 399 

 400 

Methods  401 

Study Population: 402 

We acquired samples and data from 500 randomly selected participants from the prospective 403 

NIH-funded MrOS study. The MrOS study recruited a total of 5,994 men between the ages of 65 404 

and 100 years from 6 clinical sites in the United States to assess risk factors for fracture and 405 

other conditions related to aging. The cohort and recruitment methods have been previously 406 

described.17 At baseline, participants were at least 65 years of age, able to consent, walked 407 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 15, 2023. ; https://doi.org/10.1101/2023.12.14.571758doi: bioRxiv preprint 

https://doi.org/10.1101/2023.12.14.571758
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 

19 

19 

without assistance of another person, and did not have bi-lateral hip replacement or any 408 

condition that in the judgment of the site investigator would likely impair participation in the 409 

study.44 The Institutional Review Boards at all sites reviewed and approved the study, and all 410 

participants provided written informed consent.  Enrolled participants completed a series of 411 

medical questionnaires, including medical history of prostatitis and BPH and the AUA-SI 412 

questionnaire, and provided specimens such as blood and urine which were banked for future 413 

research. Participants were recruited between 2000 and 2002 and followed longitudinally. 414 

Morning, second-voided urine specimens were collected in sterile containers and frozen at -80 415 

°C for future analyses.  416 

 417 

DNA isolation and Sequencing: 418 

Bacterial DNA was isolated from 4-mL aliquots of urine specimens. The V4 region of the 16S 419 

rRNA gene was selectively amplified to evaluate microbial composition of the urine. DNA from 420 

the 500 urine samples was submitted to Baylor University for paired-end 250 base-pair 421 

sequencing using Illumina MiSeq by Dr. Nadim Ajami.  422 

 423 

Classification of LUTS:  424 

LUTS was assessed using the IPSS. The IPSS is a seven-question examination that evaluates 425 

both irritative and obstructive aspects of LUTS. Each question is given a score from zero to five 426 

in terms of how severe that specific symptom is, and the scores for all questions are totaled. 427 

No/mild LUTS were assigned to scores 0 ≤ 7, while moderate/severe LUTS corresponds to 428 

scores greater than 7. LUTS was then divided into irritative versus obstructive symptoms for 429 

sub-analyses based upon the IPSS questionnaire. Scores from questions 1, 3, 4, and 6 were 430 

totaled for an overall obstructive symptom score, and the scores from the remaining questions 431 

made up the irritative score.  432 

 433 
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Bioinformatics and Statistical Analyses:  434 

Raw sequences were processed into amplicon sequence variants (ASVs) using DADA2. The 435 

RDP Classifier was used to map the ASVs to the SILVA 128 16S rRNA reference set for 436 

taxonomic identification. The 500 samples were rarefied to 1000 reads, which removed 25 437 

samples and left 475 samples for downstream analyses. All subsequent analyses were done on 438 

ASVs agglomerated at the genus level in R, except for application of HAllA which uses 439 

Python.27 Data were further processed using phyloseq (version 1.42.0) and visualized using 440 

microshades (version 1.10).45 The Vegan R package version 2.6.4 and rstatix version 0.7.2 441 

were used for all statistical analyses. 442 

 443 

Testing for associations between taxa and clinical characteristics 444 

We implemented HAllA version 0.8.20 as an exploratory analysis to investigate associations 445 

between individual taxa and the clinical characteristics. HAllA was carried out separately at the 446 

genus, family, and phylum levels, and we exported both our metadata and ASV tables to text 447 

files. The metadata included the clinical variables of Table 1, and separate ASV tables were 448 

generated for each taxonomic level.  449 

 450 

We also looked at relative abundance of the top 5 phyla and top 10 genera for BMI, BPH, and 451 

age. A Kruskal-Wallis test was used to test for a significant association between relative 452 

abundance and clinical characteristic of interest, and then a pairwise Wilcoxon Rank Sum test 453 

with false discovery rate correction.  454 

 455 

Clustering of samples by microbiome composition 456 

Treating each urinary microbiome as a community, we decided to cluster based on these 457 

communities and then look for associations with clinical characteristics and LUTS. We used the 458 

DirichletMultinomial version 1.40.0 for DMM clustering on the “core” taxa, or the bacteria 459 
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present in at least 20% of samples, to improve processing speed. We evaluated the model fit for 460 

two through 12 clusters using the Laplace approximation and chose eight clusters based on a 461 

global minimum (Figure S5)33 and found that qualitatively eight clusters exemplified eight 462 

different community types dominated by different taxa (Figure 2a). The samples were separated 463 

into eight clusters based on the core taxa, and the bacterial communities in each cluster were 464 

tested for associations with clinical characteristics using the tableone R package (version 465 

0.13.2).  466 
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