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AbstrACt
Introduction It has become increasingly evident that the 
male lower urinary tract symptoms (LUTS) may not only 
be caused by abnormalities in one or more components of 
the lower urinary tract, but also be secondary to a range 
of systemic disorders. The primary aim of this study is to 
evaluate the features of urological and systemic disorders 
among middle-aged and elderly male LUTS patients 
in China. The second aim is to investigate the changes 
of both conditions after interventions through a 2-year 
prospective follow-up.
Methods and analysis This nationwide, hospital-based, 
multicentre cohort study was designed and initiated by 
the Prostatic Obstruction Investigation Team which is an 
international multidisciplinary academic group focusing 
on the management of male LUTS. An expectation of 11 
500 eligible subjects from 23 authorised urological centres 
across the mainland of China will be recruited with a 
baseline assessment and data collection. Subsequently, 
subjects will undergo a follow-up for 24 months having 
been prescribed with oral medications or after being 
selected for prostate surgery based on the standard 
practice of each institution as well as the clinician’s own 
experience. All statistical analysis will be performed using 
SAS V.9.4 and R package.
Ethics and dissemination This study has received 
ethical approval from the Ethics Committee Boards of 
Shanghai Changhai Hospital (CHEC2017-244). The results 
will be reported at scientific conferences and be published 
on peer-reviewed journals.
trial registration NCT03394651.

IntroduCtIon
Lower urinary tract symptoms (LUTS), 
encompassing storage, voiding and postmic-
turition symptoms, are common conditions 
in men that cause significant quality of life 
and economic burdens.1 2 One of the largest 
population-based surveys demonstrated that 
approximately 62.5% of the general male 
population in selected countries reported 

experiencing one or more LUTS and that its 
prevalence increased with age.3 Recently, an 
investigation of an Asian population revealed 
that the overall prevalence of male LUTS was 
62.8%, with the storage, voiding and postmic-
turition symptoms reported in 49.9%, 45.3% 
and 32.3% of men, respectively.4

Although traditionally, an obstructing 
enlarged prostate was believed to be the 
main factor giving rise to male LUTS, recent 
studies have revealed that the aetiology can 

strengths and limitations of this study

 ► This large-scale, nationwide, multicentre trial con-
sists not only of a cross-sectional investigation of 
men with lower urinary tract symptoms (LUTS), but 
also the longitudinal follow-up which includes the 
variation trends of both symptoms and systemic dis-
orders after treatments.

 ► As an international multidisciplinary academic 
group, the Prostatic Obstruction Investigation Team 
is able to provide full-scale support throughout the 
design, process and outcome assessment of this 
trial.

 ► Unlike the previous demographic surveys conducted 
via internet, telephone or mail based exclusively on 
self-reports, the hospital-based design of this study 
will ensure that all clinical information is recorded 
by trained physicians in-person which maximise the 
data quality.

 ► Instead of simply documenting the history of co-
morbidities, much attention will be paid to clinical 
laboratory assessments, such as, kidney function, 
blood lipid and blood glucose and their associations 
with LUTS.

 ► Though with robust sample size, our recruited sub-
jects still may not fully represent the status of the 
whole country, due to potential financial, educational 
and geographical disparities.
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Table 1 Study locations and participating hospitals

Partners City/Province
Geographical 
regions

Department of Urology, Changhai Hospital Shanghai Eastern region

Department of Urology, Renji Hospital, Shanghai Jiao Tong University Shanghai Eastern region

Department of Urology, Changzheng Hospital Shanghai Eastern region

Department of Urology, Shanghai General Hospital Shanghai Eastern region

Department of Urology, Zhongshan Hospital, Fudan University Shanghai Eastern region

Department of Urology, Huashan Hospital, Fudan University Shanghai Eastern region

Department of Urology, Jiangsu Province Hospital Jiangsu Eastern region

Department of Urology, Zhongda Hospital Jiangsu Eastern region

Department of Urology, The Second Affiliated Hospital of Nanjing Medical University Jiangsu Eastern region

Department of Urology, The First Affiliated Hospital of Suzhou University Jiangsu Eastern region

Department of Urology, The First Affiliated Hospital of Zhejiang University Zhejiang Eastern region

Department of Urology, Zhejiang Provincial People's Hospital Zhejiang Eastern region

Department of Urology, The First Affiliated Hospital of Beijing University Beijing Northern region

Department of Urology, Peking University Third Hospital Beijing Northern region

Department of Urology, Beijing Hospital Beijing Northern region

Department of Urology, The Second Hospital of Tianjin Medical University Tianjin Northern region

Department of Urology, Sun Yat-Sen Memorial Hospital Guangzhou Southern region

Department of Urology, The Third Affiliated Hospital of Sun Yat-Sen University Guangzhou Southern region

Department of Urology, Zhujiang Hospital Guangzhou Southern region

Department of Urology, The First Affiliated Hospital of Fujian Medical University Fuzhou Southern region

Department of Urology, Xinqiao Hospital Chongqing Western region

Department of Urology, Southwest Hospital Chongqing Western region

Department of Urology, Daping Hospital Chongqing Western region

goes beyond the prostate and even beyond urology.5 6 For 
example, urodynamically proven bladder outlet obstruc-
tion only accounts for about 50% of men presenting with 
LUTS, while the proportion of the rest might be due to 
bladder dysfunctions, for example, detrusor overactivity 
during filling or detrusor underactivity during voiding.7 
Moreover, increasing evidence has suggested the common 
pathophysiological determinants for the onset of LUTS 
and the metabolic syndrome, with a complex of disorder 
including cardiological abnormalities, impaired glucose 
handling, central obesity, hypertension, microalbumin-
uria and dyslipidaemia.8 9

In addition, sustained lower urinary tract dysfunc-
tion may jeopardise the upper urinary tract. This was 
evidenced by the findings that among investigated men 
with benign prostatic obstruction (BPO) and voiding 
symptoms, with 11% experiencing elevated serum creat-
inine level (>1.4 mg/dL), possibly associated with their 
BPO.10 If assessed using estimated glomerular filtration 
rate (eGFR), as many as 18.0%–31.9% of patients with 
BPO presented with moderate to severe kidney function 
reduction (defined as eGFR lower than 60 mL/min/1.73 
m2).11 12

Therefore, to promote the individualised, integrated 
and multidisciplinary management of LUTS, the Prostatic 

Obstruction Investigation Team (POInT) was established 
in Shanghai, China in 2017. In the present study, we aim 
to elucidate the symptom characteristics of LUTS and 
comorbidities of middle-aged and elderly men in China. 
We will also evaluate the progression of both conditions 
through a 2-year prospective follow-up.

MEthods And AnAlysIs
study design
We are proposing a nationwide, hospital-based, multi-
centre, prospective, observational, cohort study initiated 
by POInT, including 23eligible hospitals across the main-
land of China. All urology departments were carefully 
selected based on their geographical regions, urology 
department size, past medical service quality and patient 
volume. The details of participating hospitals are listed 
in table 1.

It is planned that a total of 11 500 eligible men (an 
average of at least 500 patients per hospital) presenting 
with LUTS will be recruited over a 24-month period. In 
study stage I (baseline assessment), after completion of a 
written informed consent, the baseline assessments will 
be carried out and the data will be processed by experi-
enced urologists. In stage II (follow-up assessment), those 
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Figure 1 The study flow diagram. During stage I, after checked for eligibility, subjects will be required to sign the informed 
consent followed by baseline assessment. In the follow-up stage, subjects will receive either oral medications or prostate 
surgery and will be followed up for 24 months. LUTS, lower urinary tract symptoms.

recruited patients will be prescribed either oral medica-
tions or will be selected as candidates for prostate surgery, 
according to their symptom severity, the presence of 
complications and the patients’ preference. Subjects 
receiving medical therapy will be followed up every 6 
months for 2 years, while those who receiving surgical 
treatment will be assessed 1 and 6 months post-surgery 
and then every 6 months for 2 years. Figure 1 gives the 
study flow diagram that the patients will follow during the 
course of the study.

biases/blinding
Since this is a non-randomised trial and no sham treat-
ment group will be involved, the patients and caregivers 

will not be blinded to treatments. To minimise the poten-
tial biases, the data assessors will be blinded to the initial 
clinical status and treatment approaches of each subject.

Inclusion and exclusion criteria
Men at least 45 years of age with LUTS who seek clin-
ical management, in the authorised participating hospi-
tals, will be recruited for further assessments. During the 
screening visit, the patients’ history and basic information 
will be carefully documented, including chief complaints, 
medical and surgical history, smoking status, chronic 
coexisting conditions and current medication usage. 
Digital rectal examination and serum prostate specific 
antigen (PSA) will be used to rule out the coexistence of 
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box 1 Inclusion and exclusion criteria

Inclusion criteria
 ► Male.
 ► Age ≥45 years.
 ► Presenting with lower urinary tract symptoms (LUTS).
 ► Willing to participate in the study and who have signed informed 
consent.

Exclusion criteria
 ► LUTS as a result of urethral stricture, stone diseases, chronic pros-
tatitis, active urinary tract infection, space-occupying lesions and 
so on.

 ► Diagnosis or suspicion of renal, ureteral, bladder, prostate, urethral 
or pelvic tumour.

 ► Known neurogenic or congenital lower urinary tract dysfunction.
 ► Known lower urinary tract or pelvic surgical history.
 ► Existence of anatomical abnormalities of the urinary tract (eg, diver-
ticulum of the bladder or urethra, ectopic ureteral orifice, etc).

 ► Any serious medical condition likely to impede successful com-
pletion of the study (eg, heart failure, myocardial infarction, recent 
cerebrovascular accident, etc).

 ► Patients with poor compliance or cognitive competence who are un-
able to follow the study protocol.

prostate cancer. Urinalysis will be performed to exclude 
haematuria and acute urinary tract infection. Ultrasonog-
raphy will be used to detect potential urinary tract (both 
upper and lower urinary tracts) and pelvic abnormalities. 
Box 1 shows a detailed list of the major inclusion and 
exclusion criteria.

Interventions
For subjects allocated to the medicine treatment arm, 
α1-adrenoceptor antagonists and/or 5α-reductase inhib-
itors will be prescribed if the man has predominantly 
voiding symptoms. Muscarinic receptor antagonists can 
be added when subjects present with bothersome storage 
symptoms, with a post-void residual (PVR) volume of 
less than 150 mL.13 The use of other potential therapies, 
including beta-3 agonist, phosphodiesterase five inhibi-
tors and Chinese herb medicines, will be carefully docu-
mented. All medications will be prescribed in accordance 
with standard clinical care and will not be altered for this 
observational study.

Surgeries will be reserved for those with absolute 
indications for surgery, or who are non-responders to 
medical treatment, or those who request surgical treat-
ment at baseline. The selection of surgical approach is 
based on the current guidelines as well as the surgeon’s 
own experience.14 Generally, transurethral resection 
of the prostate is the main approach for subjects whose 
prostate volume is less than 80 mL. The laser techniques, 
including holmium laser enucleation, green light vapori-
sation and thulium laser enucleation/vaporisation, and 
other minimally invasive methods, such as transure-
thral microwave therapy, transurethral needle ablation 
and prostatic urethral lift, will also be included if used. 

Procedures will be performed by experienced surgeons 
using standard techniques.

Primary outcomes
The primary outcomes will be the changes in Interna-
tional Prostate Symptom Score (IPSS) and maximum flow 
rate (Qmax) at 2 years compared with baseline. The IPSS 
will be assessed using a standard scoring system which 
has been previously validated by several studies.15 16 The 
Qmax will be measured during uroflowmetry with a voided 
volume at least 125 mL.17 Both outcomes will be collected 
at baseline and 6, 12, 18, 24 months if oral medication 
is provided, or at 1, 6, 12, 18, 24 months after surgery 
(table 2).

secondary outcomes
The changes of nocturia and sexual function from base-
line will be evaluated using standard questionnaires, that 
is, international consultation on incontinence question-
naire-nocturia quality of life questionnaire and interna-
tional index of erectile function.18 19 The subjects will 
be requested to complete the questionnaires at baseline 
assessment and then 6, 12, 18, 24 months if oral medi-
cation is prescribed, or at 1, 6, 12, 18, 24 months after 
prostate surgery. To ensure each patient can fully compre-
hend the items listed on the questionnaires, experts’ 
explanation is available throughout the assessment.

The measurement of prostatic volume will be carried 
out via transrectal prostate ultrasound with the patient 
in a left decubitus position and the prostate ellipsoid 
formula (length×width× height× π/6) will be adopted 
for calculation.20 In case of a well-described median lobe, 
intravesical prostatic protrusion (IPP) will be measured 
as the distance between the tip of the prostate median 
lobe and bladder neck.21 The prostatic volume and IPP 
will be measured at baseline assessment and then yearly 
after oral medication treatment.

The pressure-flow study (PFS) will be conducted in 
accordance with the International Continence Society 
Good Urodynamic Practice Guidelines, utilising water 
filled urethral and rectal catheters for simultaneous 
measurements of vesical and abdominal pressures.22 For 
patients who require surgical intervention, PFS is used 
to record Qmax and detrusor pressure at Qmax (PdetQmax). 
Bladder outlet obstruction index and bladder contractility 
index will be calculated as PdetQmax−2Qmax and PdetQmax+5 

Qmax, respectively.23 24 The PFS will be performed at base-
line or at any time point during follow-up in the medicine 
treatment arm if surgical intervention is required and will 
be repeated yearly after surgery.

A variety of serum and urine parameters to document 
kidney function, and blood lipids and glucose, will be 
measured with standard methods and commercially avail-
able reagents. The eGFR is calculated using both Chronic 
Kidney Disease Epidemiology Collaboration equation 
and Modification of Diet in Renal Disease equation for 
Chinese patients with chronic kidney diseases.25 26 These 
data will be measured at baseline and yearly in both arms.
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Table 2 Study timeline

Month number

Baseline Follow-up (oral medication arm) Follow-up (prostate surgery arm)

0 6 12 18 24 1 6 12 18 24

Singed informed consent √                   

Basic information                     

  Name √                   

  Age √                   

  BMI √                   

  Education background √                   

  Smoking status √                   

History                     

  Chief complains √                   

  Medical history √                   

  Current medication status √                   

Questionnaires                     

  IPSS √ √ √ √ √ √ √ √ √ √

  ICIQ-N-QoL √ √ √ √ √ √ √ √ √ √

  IIEF √ √ √ √ √ √ √ √ √ √

Transrectal ultrasound √   √   √           

Uroflowmetry and post void
  residual

√ √ √ √ √ √ √ √ √ √

Pressure-flow study Δ             Δ   Δ

Urinalysis √ √ √ √ √ √ √ √ √ √

Serum PSA √   √   √     √   √

Blood pressure √ √ √ √ √ √ √ √ √ √

Renal function                     

  Serum creatinine √   √   √     √   √

  Cystatin-C √   √   √     √   √

  eGFR √   √   √     √   √

  BUN √   √   √     √   √

  Uric acid √   √   √     √   √

  β2-MG √   √   √     √   √

  NAG √   √   √     √   √

  Na √   √   √     √   √

  K √   √   √     √   √

  Urine protein √   √   √     √   √

  Urine microprotein/urine
  creatinine ratio

√   √   √     √   √

  Urine protein/urine creatinine ratio √   √   √     √   √

Blood lipid                     

  Cholesterol √   √   √     √   √

  Triglyceride √   √   √     √   √

  High-density lipoprotein √   √   √     √   √

  Low-density lipoprotein √   √   √     √   √

  Lp(a) √   √   √     √   √

Blood glucose                     

  Fast blood-glucose √   √   √     √   √

  Glycosylated haemoglobin √   √   √     √   √

  Glycated albumin √   √   √     √   √

Adverse events √ √ √ √ √ √ √ √ √

Continued
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Month number

Baseline Follow-up (oral medication arm) Follow-up (prostate surgery arm)

0 6 12 18 24 1 6 12 18 24

BMI, body mass index; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; ICIQ-N-QoL, international consultation on incontinence questionnaire-
nocturia quality of life; IIEF, international index of erectile function; IPSS, International Prostate Symptom Score; NAG, N-acetyl-beta-D-glucosaminidase; PSA, 
prostate specific antigen.

Table 2 Continued

The blood pressure will be measured by either mercury 
or electronic sphygmomanometer when the subjects are 
relaxed. Hypertension is defined as the systolic/diastolic 
blood pressures of 140/90 mm Hg or more, any use of 
antihypertensive medication in the past 2 weeks, or any 
self-reported history of hypertension. The blood pressure 
will be measured at baseline and 6, 12, 18, 24 months if 
oral medication is provided or 1, 6, 12, 18, 24 months 
after surgery.

Other medical comorbidities (such as diabetes mellitus, 
chronic obstructive pulmonary disease, coronary heart 
disease, Parkinson’s disease, etc) will be recorded based 
on patients’ self-report or their past medical records 
during the initial recruitment. PVR volume will be 
assessed by ultrasound at baseline and each time point 
during follow-up. PSA will be measured at baseline and 
then yearly in both treatment arms. Adverse effects 
relating to the medicine or surgery will be documented at 
each time point during follow-up.

sample size calculation
The formula for sample size estimation was as follows: 
where,

n: estimated sample size;
z: liked to 95% CI, α=0.05, z=1.96;
σ: SD;
δ: relative desired precision.
Based on previous experience, the SD of IPSS and Qmax 

was 8.1 and 9.5 m/s, respectively.27 The relative desired 
precision for IPSS and Qmax in this study was one for both 
indices. The minimal sample size was estimated to be 
253 and 345, for IPSS and Qmax, respectively. In order to 
get the precise estimation of both indices, the minimal 
sample size was set to 345. With an expanded sample size 
of 120%, the minimal sample size was adjusted to be 414. 
In fact, a total of 11 500 eligible men are expected to be 
recruited in this study. This will mean that analysis of the 
primary outcomes can be studied in relation to other 
factors such as comorbidities.

statistical methods
All statistical analysis will be performed using SAS V.9.4 
and R package. Statistical significance will be defined 
as p<0.05. The demographic information, laboratory 
test data, comorbidity status and so on will be anal-
ysed. Continuous variables were presented as mean±SD 
compared using the independent sample t-test assuming 
a normal distribution, whereas categorical variables were 
expressed as frequency compared using the Pearson 
χ2 test. Pearson linear correlation will be calculated 

between two continuous variables, such as, age, body 
mass index, PSA and LUTS related parameters. Multi-
variate linear regression will be performed to determine 
the independent predictors of LUTS characteristics and 
severity. A stepwise selection technique in binary logistic 
regression model will be used for multivariate analysis 
to select factors associated with binary variables (such as 
the two treatment selections: oral medication and pros-
tate surgery, and comorbidity status). The differences in 
clinical profiles, therapeutic approaches and outcomes 
between two cohorts (oral medication and prostate 
surgery) will be analysed after propensity score matching. 
In addition, subgroup analysis will be performed, such as 
different IPSS value groups.

Quality control
The site investigators and staff members must complete 
a training programme regarding the design and process 
of the study for standardisation and data consistency. All 
participants have agreed to vouch for the accuracy of the 
data and adherence of the sites to the study protocol. 
For quality control of the serum and urine sample tests, 
clinical laboratories in each site must meet the ISO15189 
and/or CAP requirements. An independent data and 
safety supervising board will monitor the trial for precise-
ness and scientific integrity. Interim meetings will be held 
every 3–6 months to ensure the protocol is being followed 
and data is collected properly.

Patients and public involvement statement
The development of current research protocol and 
outcome measures was informed by the symptoms and 
characteristics of male LUTS patients, with the notion 
that LUTS is not always related to the prostate, but rather 
should be viewed systemically. Although patients did 
not participate during the phase of study design, their 
concerns and questions were addressed during recruit-
ment and study implementation.

EthICs And dIssEMInAtIon
This study has received ethical approval from the Ethics 
Committee Boards of Shanghai Changhai Hospital 
(CHEC2017-244). The principles of the Declaration of 
Helsinki and Good Clinical Practice will be complied 
with. The study will be subjected to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
reporting guidelines.28 Written informed consent will be 
obtained from all eligible subjects in the trial. All personal 
information and clinical results will be collected and 
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preserved via an encrypted internet database which can 
only be accessed via authorised personnel. The system 
will be maintained at the network centre of Naval Medical 
University and data will be backed up into the hard drive 
periodically. The results will be reported at scientific 
conferences and published on peer-reviewed journals.

dIsCussIon
LUTS is a variable multisymptom condition with various 
potential contributing aetiological causes and significant 
symptom overlap.5 Therefore, the importance of imple-
menting a more holistic perspective to the interpretation 
of LUTS is likely to allows us to diagnose and manage our 
patients more effectively. The primary goal of the present 
study is to investigate the features of LUTS, and its asso-
ciated systemic comorbid conditions among Chinese 
men. We will also assess the progression of symptoms and 
comorbidities, after both oral medication and surgical 
intervention during a 24-month follow-up period.

Several strengths should be pointed out in the design 
of this study. First, POInT is an international multidisci-
plinary academic group with cooperative efforts between 
urology, nephrology, medical health and biostatistics 
departments. The teamwork provides full-scale support 
throughout the design, process and outcome assess-
ment of this trial. Second, unlike the previous demo-
graphic surveys conducted via internet, telephone or 
mail based exclusively on self-reports, we propose a 
hospital-based study with a large sample size and wide 
coverage.4 29 30 All patients’ data, including subjective and 
objective outcomes, will be evaluated and recorded by 
trained physicians in-person which maximally ensures the 
quality of data. Third, with the participation of the hospi-
tals from multiple geographic regions of China, this study 
makes it likely that prognostic outcomes will be represen-
tative of all China’s population reflecting local medical 
practice. Fourth, this is a two-step trial providing insight 
into not only the cross-sectional investigation of men with 
LUTS at baseline, but also the longitudinal variations 
and trends of symptoms and systemic disorders following 
medication or invasive treatment. The outcomes could 
shed light on the potential associations between the 
changes of LUTS and even the development of future 
comorbidities following a specific treatment. In addition, 
instead of simply documenting the history of comorbid-
ities, much attention will be paid to clinical laboratory 
assessments, especially, kidney function, blood lipids and 
blood glucose, and their associations with LUTS. Such 
information might be used as predictive factors for clini-
cians to carry out systemic evaluation and treatment, in 
the future.

There are some limitations to consider in our design. 
Though the sample size is large, our cohort may not fully 
represent Chinese middle-aged and elderly male popula-
tion with LUTS. This could due partially to our recruit-
ment being hospital-based which may be biassed towards 
those who suffer from moderated to severe LUTS, since 

patients may not present to the clinics unless the symp-
toms are bothersome. Therefore, unlike population-based 
or community-based surveys, patients with merely mild 
symptoms may not be included. However, we believe that 
men with mild, non-bothersome symptoms are unlikely 
to present to their doctor. Further potential disadvan-
tages are that individuals who have low educational level 
or live in remote rural areas with limited access to the 
selected hospitals, may not be included. However, such 
patients might have difficulties in fully comprehending 
and completing the symptom questionnaires and may 
have poor compliance during follow-up. Blood and urine 
samples are measured in each authorised hospital rather 
than in one central laboratory. Therefore, the possibility 
of bias and variation between laboratories may exist, 
although this is unlikely as every clinical laboratory, in 
each city, meets the ISO15189 and/or CAP requirements.

This large-scale nationwide cohort study is designed to 
investigate concurrently the characteristics of Chinese 
men with LUTS as well as changes in urological symptoms 
and systemic comorbid conditions following either medi-
cation or surgical intervention. The results of this study 
will shed light on the global clinical management of each 
patient, provide evidence for basic science research on 
the causative mechanisms of LUTS, and may change the 
way Chinese men with LUTS are treated in future.

trIAl stAtus
Four consensus meetings were held and the investiga-
tors in each site have completed the protocol training 
programme. The study has been open for recruitment 
since April 2018 and is currently ongoing.
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