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in DDBJ Sequence Read Archive under BioProject ID PRJDB5889 
(DRA006139).

Community Type Analysis
Bacterial community types were identified as described previously 
(32). Tongue coating samples were clustered based on the relative 
abundances of genera using the Jensen-Shannon divergence distance 
metric, and the partitioning around medoids (PAM) clustering algo-
rithm, using the pam function in the cluster library of R. The number 
of clusters was chosen by maximizing the Calinski-Harabasz (CH) 
index. The detection of the most discriminant OTUs was performed 
using the linear discriminant analysis effect size (LEfSe) method (33). 
The linear discriminant analysis score (LDA score) indicated the 
effect size of each OTU and we defined OTUs with > 4.0 LDA score 
as the most differentially abundant OTUs in each community type.

Outcome Measures
All subjects were followed prospectively to assess the incidence of 
all-cause death and that of pneumonia-related death. All deaths that 
occurred during follow-up were defined as all-cause deaths, and 
deaths caused by pneumonia (pneumonia was recorded in death 
records) were defined as pneumonia-related deaths. Deaths from 
causes other than pneumonia were defined as other-cause deaths.

Statistical Analysis
We compared subjects’ baseline characteristics relative to domi-
nant tongue microbiota type. Continuous variables were compared 
using a Mann–Whitney U test, and nominal or ordinal variables 
were compared using Fisher’s exact test. The survival curves were 
generated by Kaplan–Meier method and compared by a log-rank 
test. A  multivariate Cox proportional hazards regression analysis 
was performed to estimate adjusted hazard ratios (aHRs) and 95% 
confidence intervals (CIs). Demographic factors and general condi-
tion including dysphagia symptoms, care level, nutritional condition, 
dementia, and comorbidity were considered to be related to mortal-
ity. Additionally, the number of teeth was reported to be associated 
with mortality in elderly adults (34,35). Therefore, these factors and 
the number of teeth were included in the multivariate model. To 
avoid the effect of the type of nursing home, we included three types 
of nursing homes as categorical variables in the multivariate model. 
Two-sided p < .05 indicated statistical significance. All statistical 
analyses were performed using R (version 3.1.1).

Results

Mortality Rate of Subjects
During the median follow-up of 19 months (range 1–21 months), 32 
subjects (6 men, 26 women) died; 15 of whom (4 men, 11 women) 
had pneumonia-related deaths. Fourteen subjects, who did not die, 
left the nursing home at the median follow-up of 12 months (range 
3–18 months).

Classification of Tongue Bacterial Community and 
the Characteristics
We classified the bacterial communities of the baseline tongue 
coatings, collected from each subject, as either type I or type II, 
depending on the bacterial compositions of bacterial genera, using 
Jensen-Shannon divergence distance metric and PAM cluster-
ing (Figure  1). We classified 121 subjects (70.0%) into the type 

I  group, and 52 subjects (30.0%) into the type II group. OTUs 
corresponding to Streptococcus salivarius HOT-755, Veillonella 

Figure 1. A principal coordinate analysis (PCoA) based on Jensen-Shannon 
divergence distance showing similarity of bacterial compositions of tongue 
coating samples from each subject. The bacterial compositions belonging 
to each community type are depicted using different symbols. These two 
components explain the 37.6% variance. The intersection of the broken lines 
indicates the center of gravity for each community type. The ellipse covers 
67% of the samples belonging to each community type.

Table  1. Bacterial Species Corresponding to Differentially 
Abundant OTUs in Each Community Type

Relative abundance (%, Mean ± SD)

Type I Type II
LDA 
score

Differentially abundant in type I
 Streptococcus salivarius (755) 17.0 ± 13.2 3.8 ± 5.3 4.83
 Veillonella atypica (524) 8.2 ± 5.3 4.0 ± 2.6 4.32
 Prevotella histicola (298) 4.2 ± 6.4 0.6 ± 2.2 4.27
  Streptococcus parasanguinis II 

(411)
5.5 ± 4.4 2.1 ± 2.2 4.22

 Streptococcus salivarius (755) 2.9 ± 3.9 0.2 ± 0.6 4.13
 Streptococcus sp. 2.4 ± 6.0 0.1 ± 0.2 4.04
Differentially abundant in type II
 Neisseria flavescens (610) 0.8 ± 2.1 10.1 ± 7.9 4.68
  Fusobacterium periodonticum 

(201)
1.1 ± 2.3 5.3 ± 5.4 4.34

 Porphyromonas sp. (279) 0.2 ± 0.4 3.8 ± 4.6 4.28
  Haemophilus parainfluenzae 

(718)
0.5 ± 1.4 2.7 ± 3.6 4.07

Note: LDA = The linear discriminant analysis; OTU = Operational taxo-
nomic units; SD = Standard deviation. Oral taxon IDs were given in parenthe-
ses following bacterial names. The LDA score indicated the effect size of each 
OTU and OTUs with > 4.0 LDA score were shown.
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