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Abstract
Background: Lumbar puncture for cerebrospinal �uid (CSF) detection has not been widely used in clinical
practice in China. The aim of this study was to investigate the knowledge of the public about the role of
lumbar puncture in the diagnosis of Alzheimer's disease (AD).

Methods: A questionnaire survey was conducted using the "Sojump" application. The participants
followed the instruction to answer the questionnaire on mobile phone. The survey included the
demographic data of the participants, the knowledge about the role of lumbar puncture in the diagnosis
of AD, the reasons to decide to undergo lumbar puncture examination. Univariate analysis and
multivariate logistic regression analysis were used to investigate the factors associated with the decision.

Results: A total of 1050 valid questionnaires were collected, including 403 (38.4%) non-medical staff and
647 (61.6%) medical staff. A total of 862 participants (82.1%) were willing to undergo lumbar puncture, of
whom 508 (58.9%) considered that it was helpful to con�rm the diagnosis. Multivariate analysis showed
that the factors associated with willingness in non-medical staff included: age (OR=0.963, P=0.003, 95%
CI: 0.939-0.987), education level (OR=2.073, P=0.037, 95% CI: 1.044-4.114), monthly income (OR=1.340,
P=0.031, 95% CI: 1.028-1.748), and occupation type (OR=1.569, P=0.038, 95% CI: 1.026-2.400). The
factors associated with willingness in medical staff included: residence (OR=9.182, P=0.036, 95% CI:
1.151-73.238), monthly income (OR=4.008, P=0.002, 95% CI: 1.689-9.511), and hospital Level
(OR=38.311, P<0.001, 95% CI: 14.323-102.478).

Conclusions: In the general population, more than 80% of people were willing to undergo lumbar puncture
for AD diagnosis. However, the desire for the lumbar puncture depends on age, education level, economic
status and occupation type.

Background
Following the increasing population of elderly individuals, the prevalence and incidence of Alzheimer's
disease (AD) are increasing, posing great challenges to families and society [1–5]. As previously reported,
approximately 70–80% of AD patients in China have not received treatment mainly due to economic
di�culties and low awareness of the disease[6], therefore, cost-effective early diagnosis might be the key
to delaying disease progression and reducing the burden of care[7–9]. As amyloid β (Aβ) and tau in the
brain are the pathologic markers for AD, detecting Aβ and phosphorylated tau are widely recommended
biomarkers for the diagnosis of AD. Positron emission tomography (PET) examination could accurately
detect Aβ and tau deposition in the brain, but it is expensive and require special tracers, thus limiting its
application in routine clinical practice[10–13]. In contrast, determination of Aβ1−42 and phosphorylated
tau levels in cerebrospinal �uid (CSF) is much simpler and relatively inexpensive, but it has not yet been
widely used in clinical settings in China.

In the present study, we conducted a questionnaire survey aiming to investigate the knowledge of the
public people about the role of lumbar puncture in the diagnosis of AD, hoping to provide more evidence
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for proper management of AD.

Methods

Survey and data collection
A survey was conducted using the “Sojump” application through the WeChat platform, which was the
most widely used social tools in China. We designed a questionnaire and shared it in WeChat Moments.
Anyone who received the message through the WeChat platform could participate in the survey. The
participants entered the “Sojump” interface through their mobile phones and answered the questions
following the instructions. The questionnaire included: the demographic data of the participants, the
knowledge about the role of lumbar puncture in the diagnosis of AD, the reasons to decide to undergo
lumbar puncture examination, etc.

The survey started on July 17, 2021 and ended on July 31, 2021, covering a 2-week period. Then the data
of the questionnaires were collected by the management portal of the “Sojump” application.

De�nition Of Variates
In the present study, we divided the participants into two groups, which were medical staff and non-
medical staff. The medical staff was de�ned as working in a hospital. The education levels were classed
as middle school and below (school education less than 9 years), high school (school education 9–12
years), college and above (school education more than 12 years). Monthly income refers to the average
monthly income of family members. Mental workers refer to those who complete their work mainly with
the brain nervous system, and manual workers refer to those who complete their work mainly with the
body motor system.

Statistical analysis
The data were imported into an Excel spreadsheet for analysis. The continuous variables which were
approximately normally distributed were reported as means ± standard deviations, while categorical
variables were presented as frequencies and percentages. Unpaired Student’s t-tests for continuous
variables and chi-squared tests for categorical variables were applied. Univariate analysis and
multivariate logistic regression analysis were used to investigate the factors associated with willingness
to undergo lumbar puncture.

All statistical analyses were performed with SPSS Statistics version 24.0 (IBM, New York, USA). A two-
sided p-value < 0.05 was considered signi�cant.

Results
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Demographic characteristics of the total participants
A total of 1065 people participated in the survey, 15 were excluded due to incomplete or inconsistent
answers, thus 1050 (98.6%) were included in the analysis.

As shown in Table 1, the participants were divided into two groups. 403 (38.4%) were non-medical staff,
among which, 111 (27.5%) were caregivers of AD patients, 292 (72.5%) were the general public. 647
(61.6%) were medical staff, which was made up of 492 (76.0%) working in tertiary hospitals, 140 (21.6%)
working in secondary hospitals, and 15 (2.3%) working in primary hospitals. There were statistically
signi�cant differences in gender, age, residence, education level, marital status, occupation type, working
status, monthly income and type of medical insurance between non-medical staff and medical staff.
(Table 1)
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Table 1
Demographic characteristics of the participants

    Non-Medical staff(n = 403) Medical staff (n = 647) P

Gender        

Male (n, %)   144(35.7) 128(19.8) < 0.001

Female (n, %)   259(64.3) 519(80.2)  

Age(years)   56.5 ± 13.5 37.6 ± 15.1 < 0.001

Residence        

Rural (n, %)   46(11.4) 48(7.4) 0.027

Urban (n, %)   357(88.6) 599(92.6)  

Education level        

Middle school or below (n, %)   49(12.2) 0(0.0) < 0.001

High school (n, %)   79(19.6) 10(1.5)  

College or above (n, %)   275(68.2) 637(98.5)  

Marital status        

Single (n, %)   66(16.4) 118(18.2) < 0.001

Married (n, %)   316(78.4) 525(81.1)  

Widowed (n, %)   21(5.2) 4(0.6)  

Occupation type        

Manual worker (n, %)   90(22.3) 180(27.8) 0.047

Mental worker (n, %)   313(77.7) 467(72.2)  

Working state        

Working (n, %)   275(68.2) 628(97.1) < 0.001

Retired (n, %)   128(31.8) 19(2.9)  

Monthly income        

< ¥ 3000 (n, %)   68(16.9) 42(6.5) < 0.001

¥ 3000- ¥ 4999 (n, %)   129(32.0) 177(27.4)  

¥ 5000 - ¥ 99999 (n, %)   144(35.7) 305(47.1)  

≥ ¥ 10000 (n, %)   62(15.4) 123(19.0)  
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    Non-Medical staff(n = 403) Medical staff (n = 647) P

Type of medical insurance        

Employee (n, %)   293(72.7) 611(94.4) < 0.001

Others (n, %)   110(27.3) 36(5.6)  

Characteristics Of The Participants Willing And Unwilling To
Undergo Lumbar Puncture
There were 862 (82.1%) participants willing to undergo lumbar puncture, and 188 (17.9%) declared
unwillingness. Gender, age, education level, marital status, occupation type, working status, monthly
income, and type of medical insurance had signi�cantly different between willingness to undergo the
lumbar puncture group and the unwillingness to undergo the lumbar puncture group. Also, the desire
about willing to undergo lumbar puncture had signi�cant differences between medical staff and non-
medical staff (Table 2)
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Table 2
Factors in�uencing participants' recognition of lumbar puncture

  willing to undergo

(n = 862)

unwilling to undergo

(n = 188)

P

Gender      

Male (n, %) 209(24.2) 63(33.5) 0.009

Female (n, %) 653(75.8) 125(66.5)  

Age(years) 40.0 ± 15.6 47.5 ± 15.1 0.011

Residence      

Rural (n, %) 73(8.5) 21(11.2) 0.240

Urban (n, %) 789(91.5) 167(88.8)  

Education level      

Middle school or below (n, %) 26(3.0) 23(12.2) < 0.001

High school (n, %) 50(5.8) 39(20.7)  

College or above (n, %)e 786(91.2) 126(67.0)  

Marital status      

Single (n, %) 154(17.9) 30(16.0) 0.013

Married (n, %) 693(80.4) 148(78.7)  

Widowed (n, %) 15(1.7) 10(5.3)  

Occupation type      

Manual worker (n, %) 212(24.6) 58(30.9) 0.005

Mental worker (n, %) 650(75.4) 130(69.1)  

Working state      

Working (n, %) 768(89.1) 135(71.8) < 0.001

Retired (n, %) 94(10.9) 53(28.2)  

Monthly income    

< ¥ 3000 (n, %) 73(8.5) 37(19.7) < 0.001

¥ 3000- ¥ 4999 (n, %) 248(28.8) 58(30.9)  

¥ 5000 - ¥ 99999 (n, %) 384(44.5) 65(34.6)  

≥ ¥ 10000 (n, %) 157(18.2) 28(14.9)  
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  willing to undergo

(n = 862)

unwilling to undergo

(n = 188)

P

Type of medical insurance      

Employee (n, %) 763(88.5) 141(75.0) < 0.001

Others (n, %) 99(11.5) 47(25.0)  

Participant identity      

Non-Medical staff (n, %) 256(629.7) 147(78.2) < 0.001

Medical staff (n, %) 606(70.3) 41(21.8)  

Factors Associated With Willingness To Undergo Lumbar
Puncture
Because the demographic characteristics had signi�cant difference between medical staff and non-
medical staff, these two groups were analyzed separately when multivariate analysis. Willingness to
undergo lumbar puncture were de�ned as dependent variable (unwillingness = 0, willingness = 1), gender,
age, residence, education level, marital status, occupation type, working status, monthly income and type
of medical insurance were de�ned as independent variables for non-medical staff, hospital level, and
department were added to the independent variables for medical staff, and multivariate logistic
regression analysis was used to investigate the factors associated with the decision.

As shown in Table 3, the factors associated with willingness in non-medical staff included: age (OR = 
0.963, P = 0.003, 95% CI: 0.939–0.987), education level (OR = 2.073, P = 0.037, 95% CI: 1.044–4.114),
monthly income (OR = 1.340, P = 0.031, 95% CI: 1.028–1.748), and occupation type (OR = 1.569, P = 0.038,
95% CI: 1.026–2.400).

Table 3
Multivariate analysis of willingness to undergo lumbar puncture in non-medical staff

Variable b SE Wald P OR 95% CI

Lower Upper

Age -0.038 0.013 8.910 0.003 0.963 0.939 0.987

Education level 0.729 0.350 4.343 0.037 2.073 1.044 4.114

Monthly income 0.293 0.135 4.679 0.031 1.340 1.028 1.748

Occupation type 0.450 0.217 4.318 0.038 1.569 1.026 2.400
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As shown in Table 4, the factors associated with willingness in medical staff included: residence (OR = 
9.182, P = 0.036, 95% CI: 1.151–73.238), monthly income (OR = 4.008, P = 0.002, 95% CI: 1.689–9.511),
hospital Level (OR = 38.311, P < 0.001, 95% CI: 14.323–102.478).

Table 4
Multivariate analysis of willingness to undergo lumbar puncture in medical staff

Variable b SE Wald P OR 95% CI

Lower Upper

Residence 2.217 1.059 4.380 0.036 9.182 1.151 73.238

Monthly income 1.388 0.441 9.913 0.002 4.008 1.689 9.511

Hospital Level 3.646 0.502 52.743 < 0.001 38.311 14.323 102.478

Reasons For Willingness To Undergo Lumbar Puncture
Among 862 participants who were willing to undergo lumbar puncture, the majority (508, 58.9%)
considered that the lumbar puncture examination could help the diagnosis of AD, 215 (24.9%) considered
that this examination could enable patients to receive early treatment, and other reasons are shown in
Fig. 1.

Reasons For Unwillingness To Undergo Lumbar Puncture
Of the 188 participants who were unwilling to undergo lumbar puncture, 80 (42.6%) participants
considered that AD is currently incurable and the diagnosis would be of little signi�cance, 54 (28.7%)
participants have feared the harm due to the invasive operation, and other reasons are shown in Fig. 2.

Discussion
Determination of Aβ1-42 and phosphorylated tau levels in CSF has been recommended by numerous
guidelines and consensus[14–15], but it has not been widely used in clinical practice in China[16].
Considerable proportion of physicians consider the reasons might be that the invasiveness of the lumbar
puncture examination caused it to be probably unacceptable for most patients. However, the actual
attitude towards lumbar puncture in the diagnosis of AD in the public population is not clear.

In the present study, we used “Sojump” application in WeChat Moments to investigate the public
knowledge about the role of lumbar puncture examination. Unexpectedly, the results showed that 82.1%
of participants were willing to undergo lumbar puncture examination, mainly because the examination is
helpful for AD diagnosis and enable patients to receive early treatment, especially among non-medical
staff who were younger, highly educated, better economic status and mental work, as well as among
medical staff who live in urban, better economic status, and worked in tertiary hospitals.
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In general impression, lumbar puncture was considered to be invasive and most AD patients were
unwilling to undergo the procedure. However, the present study showed that the willingness was as high
as 82.1%, suggesting that the acceptance of lumbar puncture examination in the diagnosis of AD was
seriously underestimated in the past. We thought there were several explanations. First, detecting Aβ1-42

and phosphorylated tau levels in CSF by lumbar puncture had been recommended by recent guidelines
and its vital role in AD diagnosis had been widely accepted by the public. Second, recent clinical studies
have shown that early intervention can effectively delay the progression of AD[17], which facilitate the
patients to early diagnosis. Third, with the improvement of health knowledge, the public's fear of lumbar
puncture had largely decreased. It was consistent with our �nding that non-medical staff who were
younger, had higher education levels, better economic status or mental workers were more willing to
undergo lumbar puncture examination, as well as medical staff who live in urban, better economic status,
and worked in tertiary hospitals. They may have a new concept of health and are more likely to accept
new knowledge and new technologies, and have a stronger awareness of disease prevention and
treatment.

In this study, approximately 18% of the participants were unwilling to undergo the examination. The main
reason was the participants considered that AD is currently incurable and the diagnosis would be of little
signi�cance, indicating that some people are still insu�ciently aware of AD treatment. Although AD
cannot be completely cured at present, a large number of studies have shown that early diagnosis and
reasonable treatment can effectively delay disease progression and reduce the economic burden on
families and society[18–20]. In 2019, the China Food and Drug Administration (CFDA) approved Sodium
Oligomannate for the treatment of mild-moderate AD, which can effectively improve the cognitive
function of AD patients and delay the progression of the disease[21–23]. In 2021, the U.S. FDA approved
Aducanumab for the early treatment of AD, which can reduce Aβ deposition and tau phosphorylation and
delay disease progression[24], all of which demonstrate that early diagnosis is important for AD patients.
Therefore, we advise that physicians should put more effort into introducing the signi�cance of early
diagnosis and obtain patients’ understanding.

Lumbar puncture is a common clinical operation in the clinical practice. It is relatively safe and will not
bring signi�cant harm to patients[25–28]. However, the participants were worried about the harmfulness
due to lumbar puncture, which was the second reason for their reluctance to undergo the lumbar
puncture. It is suggested that some people do not understand the process and invasiveness of lumbar
puncture. Patiently explaining the process and safety of lumbar puncture, more patients may agree to
undergo a lumbar puncture to diagnose AD.

Strength And Limitation
This study used the “Sojump” application in WeChat to collect the questionnaire, and the participants
voluntarily join in the survey. Thus, the result was neither affected by the sampling method nor affected
by the researchers. In addition, the “Sojump” application is a simple and feasible survey tool with a lower
cost and higher e�ciency, ensuring its accessibility to the public. However, the “Sojump” survey has some
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limitations. The survey was mostly released by medical staff through WeChat Moments, therefore
medical colleagues were more likely to participate in the study, which may overestimate the participants'
willingness to undergo lumbar puncture due to their background in medicine. In future studies, third-party
platforms can be delegated to ensure that the distribution of the population is more reasonable and that
the survey results are more accurate.

Conclusion
In the general population, more than 80% of people were willing to undergo lumbar puncture for AD
diagnosis. However, the desire for the lumbar puncture depends on age, education level, economic status
and occupation type. These indicated that lumbar puncture is acceptable for most of the individuals in
clinical diagnosis of AD.
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Figure 1

Reasons for willingness to undergo lumbar puncture
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Figure 2

Reasons for unwillingness to undergo lumbar puncture


