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Abstract

risk of benign prostatic hyperplasia.

with SAS 94 software.

the group with a prostate volume greater than 60 g.

and benign prostate hyperplasia.

Background: Both periodontal disease and benign prostatic hyperplasia are age-related diseases that affect millions
of people worldwide. Hence, this study aimed to investigate the association between periodontal disease and the

Methods: A total of 4930 participants were selected from an available health examination that was carried out in 2017,
only males were considered for further analysis. All eligible males were divided into benign prostatic hyperplasia and
normal groups, the benign prostatic hyperplasia group was then divided into prostate volume <609 and > 60g
subgroups; all their periodontal status was extracted and then into normal (CPI score of 0), periodontal disease (CPI
score between 1 and 4), and periodontitis (CPI score between 3 and 4) groups. The correlation between periodontal
disease and benign prostatic hyperplasia was investigated using logistic regression analyses and greedy matching
case-control analysis. Subgroup analysis based on prostate volume was also performed. All analyses were conducted

Results: A total of 2171 males were selected for this analysis. The presence of periodontal disease significantly increased
the risk of benign prostatic hyperplasia by 1.68 times (OR = 1.68, 95% Cl: 1.26-2.24), and individuals with periodontitis
showed a higher risk (OR =4.18, 95% Cl: 2.75-6.35). In addition, among matched cases and controls, this association
remained robust (periodontal disease: OR = 1.85, 95% Cl: 1.30-2.64; periodontitis: OR = 4.83, 95% Cl: 2.57-9.07). Subgroup
analysis revealed that periodontal disease significantly increased benign prostate hyperplasia risk as well (for prostate
volume < 60 g: OR =164, 95% Cl: 1.22-2.20; for volume > 60 g: OR = 2.17, 95% Cl: 1.04-4.53), and there was a higher risk in

Conclusion: Periodontal disease is significantly and positively associated with an increased risk of benign prostatic
hyperplasia. Further validation studies should be performed to explore the relationship between periodontal treatment

Keywords: Benign prostate hyperplasia, Periodontal disease, Periodontitis, Risk factor, Inflammatory disease

Background

Periodontal disease is a complex polymicrobial inflamma-
tion and a global burden disease (GBD), and periodontal
disease mainly includes gingivitis and periodontitis. In
2015, the incidence of severe chronic periodontitis
reached 616 million cases around the world [1]. In China,
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the standardized disability-adjusted life years (DALYs)
rate for this disease has risen from 24.7 in 1990 to 25.7
in 2013 according to the 2013 GBD study [2]. More-
over, periodontal disease is involved in increasing the
risk of various systematic diseases, such as atheroscler-
otic complications (cardiovascular disease [3, 4], arterial
stiffness [5], carotid intima-media thickness [6], carotid
atherosclerosis [7], stroke [8], coronary heart disease
[9], erectile dysfunction [10], hypertension [11, 12],
etc.), cancers (head and neck cancer [13], breast cancer
[14], lung cancer [15], pancreatic cancer [16], etc.), and

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40779-019-0223-8&domain=pdf
http://orcid.org/0000-0003-1262-725X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Zhuyoujia1954@sina.com
mailto:zengxiantao1128@163.com
mailto:zengxiantao1128@gmail.com

Wu et al. Military Medical Research (2019) 6:34

metabolic diseases (diabetes [17], overweight/obesity
[18], gestational diabetes mellitus [19], etc.).

Benign prostatic hyperplasia (BPH) is defined as un-
regulated proliferation of connective tissue, smooth
muscle and glandular epithelium within the prostate
transition zone and is one of the most common diseases
in humans. It is estimated that the doubling time of
BPH growth is 4.5 years among individuals between the
ages of 31 and 50 and 10 years among those between 51
and 70years old [20]. A meta-analysis including data
from 25 countries showed a lifetime prevalence of BPH
of 26.2% [95% confidence interval (CI): 22.8—29.6%]
without regional or ethnic discrepancies [21]. BPH treat-
ment imposes heavy social and economic burdens on
individuals, families, communities and countries. In
addition, the estimated cost for annual BPH treatment is
approximately $4 billion in the United States alone [22].
Hence, identifying risk factors for BPH to improve early
prevention is meaningful.

Periodontal disease and BPH shared common risk fac-
tors, such as age, smoking, obesity, diabetes, physical
activity, socioeconomic status, and inflammation. Ac-
cordingly, it has been hypothesized that periodontal
disease may be a marker for BPH. In 2013, Boland et al.
performed a case-control study and, for the first time,
found that periodontal disease could significantly in-
crease the risk of BPH by 1.50 times [odds ratio (OR) =
1.50, 95% CI, 1.05-2.10] [23]. In 2017, Estemalik et al.
demonstrated a marked positive association between oral
pathogens and BPH onset; that is, at least one oral
pathogen could be detected in 9 out of 10 BPH patients
in their prostatic secretions [24]. Therefore, we per-
formed the current study to explore whether there exists
an association between periodontal disease and BPH in
the Chinese Han population.

Methods

We used the Strengthening the Reporting of Observa-
tion Studies in Epidemiology (STROBE) [25] statement
to report this cross-sectional study.

Study design and data extraction

With a retrospective design, this study adopted all avail-
able data from a health examination at Henan University
in 2017 [12]. This study was reviewed and approved by
the Committee for Ethical Affairs of the Huaihe Hospital
of Henan University, Henan Province. We first identified
4930 records with full information on name, gender,
date of birth, relevant physical examinations and labora-
tory examinations on February 12, 2019, and finished
analyses on April 25, 2019. The records would be in-
cluded for further analysis when information on gender,
age, periodontal status, weight, height and prostate sta-
tus was all included. Only data for males were selected
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for further screening. However, the health examination
did not refer to the history of alcohol or tobacco use,
and the absence of these data could result in insufficient
capability to assess confounding factors. All eligible data
were finally divided into BPH Yes and No groups ac-
cording to clinical diagnosis results accompanied by
relevant examination information, including physical
examination and prostate ultrasonography [26]. Patients
with records of receiving prostatectomy were automatic-
ally enrolled into the BPH group.

Assessment of variables
The largest anteroposterior (height, H), transverse
(width, W), and cephalocaudal (length, L) prostate diam-
eters were detected for BPH patients using transabdom-
inal B-ultrasonography. A normal prostate was directly
recorded without information on those measurements.
Prostate volume (PV) was obtained using the prostate el-
lipsoid formula: PV =11/6 x [H (cm) x W (cm) x L (cm)].
Then, the BPH group was divided into PV <60 g and >
60 g subgroups. Clinical oral examinations of the partici-
pants in the dental chair were performed by dentists
using a headlamp, a mouth mirror, and a periodontal
probe. Periodontal status was assessed using the
Community Periodontal Index (CPI), and maximal CPI
score of sextants ranged from 0 to 4: O referred to
healthy periodontal tissue, 1 to the appearance of bleed-
ing, 2 to the existence of calculus, 3 to pocket depth of
4-5mm, and 4 to pocket depth >4 mm [27, 28]. A CPI
score between 1 and 4 denoted an unhealthy periodon-
tium, while a score of O referred to a healthy periodon-
tium. For data analysis, based on periodontal status,
individuals were divided into normal (CPI score of 0),
periodontal disease (CPI score between 1 and 4), and
periodontitis (CPI score between 3 and 4) groups.
Covariates were selected based on originally recorded
data and the current knowledge of potential influencers
of BPH and periodontal disease. The weight and height
of each participant were measured, and body mass index
(BMI) was calculated as weight in kilograms divided by
height in meters squared (kg/m?). Systolic blood pres-
sure (SBP; mmHg) and diastolic blood pressure (DBP;
mmHg) were measured, and hypertension referred to
SBP >140 mmHg, DBP >90 mmHg or use of medicine
for hypertension. Covariates for the analyses included
age, BMI, hypertension status, fasting blood glucose
(FBG, ng/ml), serum lipid composition [total cholesterol
(TC; mmol/L), triglycerides (TGs; mmol/L), high-density
lipoprotein cholesterol (HDL-C; mmol/L), low-density
lipoprotein cholesterol (LDL-C; mmol/L)], erythrocyte
sedimentation rate (ESR; mm/h), C-reactive protein
(CRP; mg/L), urea nitrogen (UN; mmol/L), uric acid
(UA; pmol/L), creatinine (umol/L), and proteinuria.
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Statistical analysis

Basic characteristics were summarized for the overall
sample as well as for the normal and BPH groups.
Categorical variables are shown as counts (percentages),
while continuous variables are shown as the means *
standard deviations or medians (interquartile ranges)
based on results from the normal distribution test.
Comparisons between the normal and BPH groups were
conducted using two independent sample ¢ tests (or
Wilcoxon rank sum tests) for continuous variables and
chi-squared tests (or Fisher exact tests) for categorical
variables.

The association between periodontal diseases and BPH
was examined with univariable and multivariable logistic
regressions. Further and detailed evaluations were per-
formed according to the CPI scores individually. Three
models were established stepwise. Specifically, model 1
was constructed without adjustment; model 2 was ad-
justed for age, BMI, and blood pressure status; and
model 3 adopted additional adjustments for FBG, TC,
TGs, LDL-C, HDL-C, ESR, UN, UA, creatinine, and pro-
teinuria in addition to the variables adjusted in model 2.
Statistical presentation includes OR, 95% CI and corre-
sponding P value for simplification.
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Sensitivity analysis was performed to detect whether
differences in age, BMI, or blood pressure status be-
tween the normal and BPH groups influenced the final
results. We matched cases and controls using greedy
matching age + 5years, BMI 12, and the same blood
pressure status (hypertension and normotension). If the
results of the sensitivity analysis were similar to the ori-
ginal results, associations were robust; otherwise, we
adopted matched results. Subgroup analysis was con-
ducted on the basis of PV to explore specific effects in
groups with different PV sizes. All statistical analyses
were calculated with SAS 9.4 software. Tests on statis-
tical significance were two-sided, and P < 0.05 was con-
sidered significant.

Results

General characteristics

Finally, 2171 participants were included in this analysis
after excluding females and those not undergoing peri-
odontal or prostate status examinations. The selection
process is shown in Fig. 1. Of the participants, 516 were
classified into the BPH group, while 1655 were classified
into the normal group. Moreover, 1405 subjects were
free from periodontal disease, while 766 had periodontal

4930 participants were selected
health examination

from an available

\

2745 participants were excluded:
« 2224 female participants
« 521 participants without periodontal or/
and prostate examinations

A

2185 participants were assessed for eligibility

14 participants were excluded:
« 1 participants was less than 18 years old
+ 13 participants were diagnosed with
hypotension

A4

2171 participants were included for primary analysis

v

v

516 participants with BPH

1655 participants without BPH

I

——
A4

1:1 Matching based on age, body mass
index and blood pressure

662(331x2) patients were included for sensitivity analysis

Fig. 1 Summary the selection process. A total of 2171 participants were included for primary analysis, from which 516 were classified into the
BPH group. About 662 patients were included for sensitivity analysis
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disease, accounting for 35.3% of all participants. The
mean age was 51.09 + 15.25 years in the overall sample,
67.02 £ 12.83 years in the BPH group and 46.13 £ 12.25
years in the normal group. The mean BMI was 24.73 +
3.08 kg/m? in the BPH group and 25.20 + 3.00 kg/m? in
the normal group; the mean PV was 41.03+18.11¢g in
the BPH group. Age, BMI and blood pressure status
showed statistically significant differences between the
two groups (P <0.05). The baseline characteristics of all
of these participants are presented in Table 1.

Overall analysis

Table 2 shows the overall results from the univariable
and multivariable logistic regression analyses. In the
univariable analysis, periodontal disease was not related
to BPH risk (OR =0.92, 95% CI: 0.74—1.13), but it was
shown that periodontitis might increase the risk of BPH
(OR=4.97, 95% CI: 3.59-6.90). Adjusted analysis using
model 2 revealed that periodontal disease (OR =1.40,
95% CI: 1.15-1.69) and periodontitis (OR = 4.10, 95% CI:
2.75-6.09) were both significantly associated with an in-
creased risk of BPH (P <0.05). Adjusted analysis adopt-
ing model 3 also achieved similar results (periodontal
disease: OR=1.68, 95% CI: 1.26-2.24; periodontitis:
OR =4.18, 95% CI: 2.75-6.35; P < 0.05).

Table 1 Baseline characteristics of the participants (n = 2171)
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Table 2 Multivariable analysis results for the relationship
between periodontal disease and benign prostatic hyperplasia

Category Periodontal disease Periodontitis
OR (95% Cl) P OR (95% Cl) P
Overall
Model 1 092 (0.74-1.13) 043 4.95 (3.59-6.90) <0.00
Model 2 1.75 (1.34-2.33) <0.00 4.10 (2.75-6.09) <0.00
Model 3 1.68 (1.26-2.24) <000  4.18(2.75-6.35) <0.00
Prostate volume <60 g
Model 1 094 (0.75-1.18) 059 5.08 (3.62-7.13) <0.00
Model 2 1.73 (1.30-2.31) <000 413 (275-6.19) <0.00
Model 3 1.64 (1.22-2.20) <001 4.20 (2.74-643) <0.00
Prostate volume > 60 g
Model 1 074 (042-129) 029 4.18 (2.04-857) <0.00
Model 2 2.26 (1.10-4.65) 0.03 732 (290-1849) <0.00
Model 3 2.17 (1.04-4.53) 0.04 8.36 (3.21-21.78) <0.00

OR Odds ratio, Cl Confidence interval, Model 1: Without adjustment; Model 2:
Adjusted for age, body mass index and blood pressure status; Model 3:
Further adjusted for fasting blood glucose, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglycerides, total cholesterol, erythrocyte
sedimentation rate, uric acid, creatinine, and urea nitrogen

Characteristics Sample Benign prostatic hyperplasia P
(n=2171) Yes (n=516) No (n= 1655)
Age (year, mean + SD) 51.09+ 1525 67.02+12.83 4613 +£12.25 0.00
BMI (kg/mz, mean = SD) 25.09+3.03 2473 +£3.08 2520+ 3.00 0.00
Blood pressure [n(%)] 0.00
Hypertension 794 (374) 249 (49.3) 545 (33.7)
Normotension 1327 (62.6) 256 (50.7) 1071 (66.3)
Periodontal disease [n(%)] 040
No 1405 (64.7) 342 (66.3) 1063 (64.2)
Yes 766 (35.3) 174 (33.7) 592 (35.8)
FBG (ng/ml, mean + SD) 564+ 145 596+ 162 554+ 137 0.00
LDL-C (mmol/L, mean + SD) 2.77£0.70 275£0.72 2.78 £0.69 043
Triglycerides (mmol/L, mean + SD) 1.55£1.01 1.39+£092 1.61£1.04 0.00
HDL-C (mmol/L, mean + SD) 1.23+£0.25 123£0.25 123£0.26 0.86
TC (mmol/L, mean =+ SD) 463+0.86 463+091 463+0.85 0.89
ESR (mm/h, mean + SD) 551£6.01 824 +£8.36 466+ 4.74 0.00
Uric acid (umol/L, mean =+ SD) 32044 £ 7201 31448 +71.63 3223117206 0.03
Creatinine (umol/L, mean + SD) 81.25+13.04 80.03+14.13 81.64+12.65 0.02
Urea nitrogen (mmol/L, mean + SD) 513+1.21 520+ 1.39 510+ 1.14 0.13
Prostate volume (g, mean + SD) 41.03+£18.11 NR NA
<60g (n=444) 3593+924 NR
>60g (n=62) 7792 +22.79 NR

BMI Body mass index, FBG Fasting blood glucose, TC Total cholesterol, LDL-C Low-density lipoprotein cholesterol, HDL-C High-density lipoprotein cholesterol, ESR

Erythrocyte sedimentation rate, NR Not reported, NA Not available
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Subgroup analysis

Table 2 also demonstrates the subgroup results from
univariable and multivariable logistic regression analyses.
Periodontal disease was not associated with BPH risk in
either the PV <60 g group or the PV >60g group (P>
0.05). However, periodontitis was significantly associated
with an increased risk of BPH in both groups (P < 0.05).
After adjustment, both model 2 and model 3 analyses re-
vealed a significant positive relationship of periodontal
disease with BPH onset (P < 0.05). However, the disease
risk in the PV >60g group was higher than that in the
PV <60 g group.

Sensitivity analysis

We matched cases and controls using greedy matching
age + 5 years, BMI +2, and the same blood pressure sta-
tus (hypertension and normotension). Finally, 662 par-
ticipants were enrolled in the analysis, involving 331
cases and 331 controls. Table 3 presents basic informa-
tion for overall subjects as well as for cases and controls.
The results from the model 3 analysis indicated that
periodontitis (OR =4.83, 95% CIL: 2.57-9.07) and peri-
odontal disease (OR=1.85, 95% CI: 1.30-2.64) signifi-
cantly increased BPH susceptibility. Compared to the
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overall analysis findings, these results demonstrated that
the association of periodontal disease with BPH was
robust.

Discussion

In our study, periodontitis was associated with an in-
creased risk of BPH in both crude and adjusted analyses;
periodontal disease had no independent relationship
with BPH in crude analysis, but statistical significance
appeared after adjustments and subgroup analysis.
Moreover, when we performed sensitivity analyses using
the greedy matching method (matched age, BMI, and
blood pressure status), the association of periodontal dis-
ease with BPH remained the same.

Investigating the association between periodontal dis-
ease and BPH risk is an interesting topic. In 2013,
Boland et al. [23] performed a case-control study based
on USA patients and found that periodontitis (diagnosed
according to the ICD-9, including gingivitis) can increase
the risk of BPH (with or without urinary obstruction) by
1.50 times (OR = 1.50, 95% CI: 1.05-2.10) in males youn-
ger than 70vyears old after adjustments. Then, they re-
ported subgroup results for Asians (OR =2.90, 95% CI:
2.35-3.71), individuals of European descent (OR = 1.20,

Table 3 Baseline characteristics of the matched participants (n = 662)°

Characteristics Samples Benign prostatic hyperplasia P
(n = 662) Yes (n=331) No (n = 331)
Age (year, mean =+ SD) 61.66+ 1141 61.92+ 1157 6141+£11.25 0.57
BMI (kg/m?) 24.82+£297 24.85+2.96 2479 £2.99 0.80
Blood pressure [n(%)] 1.00
Hypertension 320 (483) 160 (48.3) 160 (48.3)
Normotension 342 (51.7) 171 (51.7) 171 (51.7)
Periodontal disease [n(%)] 0.00
No 459 (69.3) 208 (62.8) 251 (75.8)
Yes 203 (30.7) 123 (37.2) 80 (24.2)
FBG (ng/ml, mean + SD) 592+1.63 584+148 599+ 1.76 0.25
LDL-C (mmol/L, mean =+ SD) 2831073 280+0.72 285+0.73 040
Triglycerides (mmol/L, mean + SD) 146 +0.90 145+0.98 147 +0.80 0.69
HDL-C (mmol/L, mean + SD) 124 £0.25 122+0.23 126£0.27 0.09
TC (mmol/L, mean + SD) 4.73+091 467 £0.90 478 £0.93 0.13
ESR (mm/h, mean + SD) 6.75+6.53 6.48+6.29 702+6.77 029
Uric acid (umol/L, mean + SD) 31341 +73.87 313.15+68.88 313.68+78.68 0.93
Creatinine (umol/L, mean + SD) 7985+ 14.16 79.74 £13.15 79.97 £15.13 0.83
Urea nitrogen (mmol/L, mean + SD) 519+141 511+1.34 526+ 148 0.17
Prostate volume (g, mean + SD) 39.56 +17.21 NR NA
<609 (n=296) 3553+9.19 NR
>609 (n=32) 7740+ 26.20 NR

BMI Body mass index, FBG Fasting blood glucose, TC Total cholesterol, LDL-C Low-density lipoprotein cholesterol, HDL-C High-density lipoprotein cholesterol, ESR

Erythrocyte sedimentation rate, NR Not reported, NA Not available

“We matched cases and controls using greedy matching age + 5 years, BMI +2, and same blood pressure status (hypertension and normotension)
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95% CI: 1.02-1.30), a Hispanic population (OR =2.20,
95% CI: 2.04—2.42), an unknown ethnicity group (OR =
1.40, 95% CI: 1.29-1.63), and others (OR = 3.80, 95% CI:
3.03-4.67). Our results, based on Asians, confirmed their
findings, revealing a significant positive association be-
tween the two diseases (OR = 1.68, 95% CI: 1.26—2.24).

Our study revealed that periodontal disease was prob-
ably an independent risk factor for BPH. BPH is strongly
associated with age [29], as are the increased prevalence
and severity of periodontal disease [30]. Hypertension
and diabetes were also associated with BPH in 1966 [31];
accordingly, metabolic syndrome (MetS) patients had
significantly larger total PV (+ 1.8 ml, 95% CI: 0.74—2.87,
P <0.001) than those without MetS. Boland and col-
leagues [23] also reported the relationship between BPH
and diabetes (OR = 1.4, 95% CI: 1.20-1.55), hypertension
(OR =1.3, 95% CI: 1.10-1.60), obesity (OR = 1.3, 95% CIL:
0.91-1.89), and lipid conditions (OR = 1.2, 95% CI: 0.96—
1.57). These comorbidities might increase the risk of
BPH among people in the United States [31]. In our
study, the sensitivity analysis matched for age, BMI, and
hypertension status revealed that periodontal disease was
associated with an increased risk of BPH. Hence, we con-
cluded that the association between periodontal disease
and BPH was not influenced by age, hypertension status,
BMI or ethnicity. MetS is a cluster of medical conditions,
including obesity, impaired glucose metabolism (abnormal
glucose metabolism), hypertriglyceridemia, low HDL-C
and hypertension [32]. Hyperlipidemia is also shown to in-
crease the risk of BPH [33], and ESR [34] and BMI [35]
might increase PV. Hence, we also adjusted for LDL-C,
HDL-C, TGs, TC, and ESR after original adjustments for
FBG, hypertension status and BMI. As a result, the main
findings were unchanged, indicating their robustness. In
addition, we also investigated the relationship between
periodontal disease and PV. We divided BPH patients into
two groups: PV greater than and equal to or less than 60
g, and the results obtained for the two groups were similar
to those for overall cases. However, the risk was higher in
the group with PV greater than 60g. This finding indi-
cated a potential dose-response relationship between
periodontal disease and PV in BPH patients. Unfortu-
nately, we failed to perform further analysis on this aspect
due to limited data.

The primary mechanism of periodontal disease pro-
moting BPH origination and progression may be associ-
ated with inflammation and accompanied by possible
influences from oral bacteria. The oral cavity presents a
potential reservoir for pathogens, including bacteria and
viruses [36, 37], and dental plaque may play an import-
ant role in this reservoir, possibly also contributing to
periodontal disease [38]. Plausible mechanisms may
involve the movement of pathogens and dental plaques
from the mouth to the prostate through water drinking

Page 6 of 8

or/or capillary vessels. Pathogens and dental plaques can
enter capillary vessels and thus trigger systemic inflamma-
tory responses. The prostate is an immune-competent
organ with a complex immune system, and tissue damage
and chronic tissue healing could result in BPH nodules
[39, 40]. Hence, when pathogens and dental plaques travel
to a normal prostate, prostatic inflammation may occur;
later, BPH would develop. In 2017, Estemalik et al. dem-
onstrated an association between oral pathogens and
BPH. In that study, they investigated Porphyromonasgingi-
valis (Pg), Prevotella intermedia (Pi), Treponema denticola
(Td), and Escherichia coli (E. coli) in expressed prostatic
secretions from patients with both periodontal disease and
chronic prostatitis or BPH and found at least one oral
pathogen in 9 out of 10 BPH patients in their prostatic se-
cretions [24]. This finding suggested that periodontal scal-
ing should be covered in routine healthcare for old males
and that BPH therapy should be accompanied by peri-
odontal treatment. In addition, asymptomatic prostate
inflammation can worsen lower urinary tract symptoms
and urinary flow rate in patients with BPH [41], while
periodontal treatment can effectively reduce such risks.
Additionally, basic laboratory studies have demonstrated
that infections by periodontal pathogens can accelerate
some systemic conditions by inciting inflammatory re-
sponses and further affecting apoptosis, and the mecha-
nisms have been corroborated in atheroma deposition
[42], preterm low birth weight among infants [43], cogni-
tive decline [44] and respiratory infection [45] but not in
BPH until now. Consequently, experimental studies
should be conducted to further explain the potential
mechanisms underlying this association.

Neither smoking nor alcohol consumption status was
included in our data, so we could not analyze their
potential influences in this study. However, a recent sys-
tematic review and meta-analysis based on 44,100 sub-
jects showed no significant association between cigarette
smoking and BPH risk for either ex-smokers or current
smokers [46]. Another systematic review in 2017 showed
marked associations of modest alcohol intake with de-
creased BPH diagnosis and lower urinary tract symp-
toms [46]. Hence, we can conclude that our results
might not be substantially affected by the lack of data on
smoking and alcohol consumption. Nevertheless, our
study adopted a retrospective design based on existing
data, so fragmentary data might affect final results. For
example, the information on prostate H/W/L was not
recorded for individuals with normal prostates, leading
to the missing data on PV for normal subjects. Other
potentially relevant information was also not included,
such as tooth loss, denture use and decay missing filling
tooth (DMFT). Therefore, the associations of denture
use and DMFT with BPH were not analyzed to further
explore the potential relationship between dental body
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defect and BPH. Nonetheless, the sensitivity analysis in
our study revealed that dental body defects independ-
ently affected BPH susceptibility, which might be attrib-
uted to the lack of precise information on the above-
mentioned indexes. These limitations should be avoided
in further studies.

Conclusions

To our knowledge, this was the first study on the associ-
ation between periodontal disease and BPH risk in
Chinese people. Our study revealed a significant robust
relationship between increased BPH risk and periodontal
disease. This relationship may be a consequence of peri-
odontal and prostatic inflammation. According to these
results, we recommend that old males pay more atten-
tion to their oral health, especially BPH patients devel-
oping relevant symptoms. Periodontal treatment, which
is easy and inexpensive, should be included in algo-
rithms to predict BPH surgery risk in future studies.
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