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Presentation objectives 
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• What is the traditional methods of meta-analysis?

• What is Bayesian random effect model (or 
Bayesian hierarchical model)?

• How have we used Bayesian models to conduct 
meta-analysis, stratified meta-analysis and 
meta-regression? 



What is Neurocysticercosis (NCC)?
“Neurocysticercosis (NCC) is a zoonotic helminthic infection of the human central 
nervous system (CNS) caused by larval cyst of Taenia solium.”…….Adapted from CDC
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Human cysticercosis

✓ Epilepic seizure (~79%)
✓ Severe headache (~38%)
✓ Hydrocephaly
✓ Death (~10%)

Porcine 
cysticercosis Taeniasis

Source: https://steemit.com/,                                                                                                                           Life cycle was adapted from:  https://www.cdc.gov/dpdx/cysticercosis/index.html          
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Fig: Taenia solium Fig: Life cycle of Taenia solium

https://steemit.com/
https://www.cdc.gov/dpdx/cysticercosis/index.html
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What is the traditional method of meta-analysis? –Frequentist approach

𝑦𝑖 ~ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙 𝑛𝑖, 𝑝𝑖

Here,

yi = # of cases

ni = # of samples

pi = study-level proportion, 𝑙𝑜𝑔𝑖𝑡 𝑝𝑖 = 𝑷 + 𝑢𝑖

𝑷 + 𝑢𝑖

P =  overall proportion 

ui = random effect𝑢𝑖 ~ 𝑁𝑜𝑟𝑚𝑎𝑙 0 𝝉𝟐

𝜏2 = between-study variance 

(heterogeneity).

Generalized linear mixed model (with logit link)

“Two-steps method”

Ref: Lin and Chu (2020); Wang (2023), Hackenberger (2020)  

Transformation

Meta-analysis

Major limitation: 

“The frequentist approaches use the point 
estimate of the heterogeneity variance as a fixed 
quantity, which leads to variability 
underestimation” – Hackenberger (2020)
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What is Bayesian random-effects model (BREM) ? 

𝑦𝑖 ~ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙 𝑛𝑖, 𝑝𝑖

𝑙𝑜𝑔𝑖𝑡 𝑝𝑖 = 𝑷 + 𝑢𝑖

𝑢𝑖 ~ 𝑁𝑜𝑟𝑚𝑎𝑙 0 𝝉𝟐

𝑃 ~ 𝑙𝑜𝑔𝑖𝑠𝑡𝑖𝑐 (0,1)
𝜏 ~ 𝐻𝑎𝑙𝑓_𝐶𝑎𝑢𝑐ℎ𝑦 (0,0.5)

Main advantages

𝑦𝑖 ~ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙 𝑛𝑖, 𝑝𝑖

𝑙𝑜𝑔𝑖𝑡 𝑝𝑖 = 𝑷 + 𝜷𝑋 + 𝑢𝑖

𝑢𝑖 ~ 𝑁𝑜𝑟𝑚𝑎𝑙 0 𝝉𝟐

𝛽 ~ 𝑁𝑜𝑟𝑚𝑎𝑙 (0,1)

For meta-regression 

Source of Fig: Linkedin
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How have we used BREM in our study? 

Research objectives:
1. To estimate proportion of neurocysticercosis (NCC) among people with epileptic seizure
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2. To assess how the NCC proportion has changed over time and regions.

Meta-analysis of studies 
included in 2010’s study 

(Ndimubanzi et al., 2010)
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How we selected priors? 

Credit: Some visual created in https://www.napkin.ai/
Ref: Reis, et al (2023). 

P ~ Uniform (0,1) P ~ Uniform (logit (0), logit(1))

Half-Cauchy

P τ

P ~ logistic(0,1)

β

https://www.napkin.ai/
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How we used priors & data from a meta-analysis published in 2010? – Informative prior
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Pooled NCC-proportion 
for full study period

Meta-analysis 
of studies 

included in 
2010’s study

M
eta-analysis

Data from studies ………………….
• Included in previous and current meta-analysis
• With definition of NCC and epileptic seizure 

M
eta-regression
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What have we found? – Bayesian meta-analysis

• The overall median proportion: 
 22% (95%BCI: 17 – 27%) 
• Between-study heterogeneity (τ): 

1.1 (95%BCI: 0.9 – 1.5) 

Frequentist meta-analysis results
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How sensitive the data to the prior? – Interpret the results

P τ0.5

……. ……. …….

τ1
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τ: 
1.1 (95%BCI: 0.9 – 1.5) 

P Posterior τ Posterior τ
t(3, 0, 2.5) 1.1 (0.9 – 1.5) 1.1 (0.9 – 1.5)
L(0,1) 1.1 (0.9 – 1.5) 1.1 (0.9 – 1.5)
N (0, 1.8) 1.1 (0.9 – 1.5) 1.1 (0.9 – 1.5)
N(0,1) 1.1 (0.9 – 1.5) 1.1 (0.9 – 1.5)
N (logit(0.29),0.1) 1.2 (0.9 – 1.5) 1.2 (0.9 – 1.6)

N (logit(0.29),0.183) 1.1 (0.9 – 1.5) 1.2 (0.9 – 1.5)

N (logit(0.29),0.2) 1.1 (0.9 – 1.5) 1.1 (0.9 – 1.5)

N (logit(0.29),0.3) 1.1 (0.9 – 1.5) 1.1 (0.9 – 1.5)

N (logit(0.28),0.3) 1.1 (0.9 – 1.5) 1.1 (0.9 – 1.5)

N (logit(0.30),0.3) 1.1 (0.9 – 1.5) 1.1 (0.9 – 1.5)

How sensitive the data to the prior? – Interpret the results
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What are the sources of BS heterogeneity? 
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Variable Groups 

Variables OR (95%BCI)

Definition (yes) 2.4 (1.2 – 4.6)

Period B 0.5 (0.3 – 0.9)

S. Setting (Com.) 1.7 (1.0 – 3.0)

AMR 1.3 (0.7 – 2.7)

SEAR 2.0 (0.9 – 4.4)

MRI 0.8 (0.3 – 1.9)

CT/MRI 1.3 (0.6 – 2.6)

Bayesian meta-regression Stratified Bayesian meta-analysis
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How has the NCC-proportion changed over time and across 
regions? – Bayesian meta-regression

Region

Proportion of NCC among PWES

OR (95%BCI)

% of OR less 
than 1.0

Period A

% (95%BCI)

Period B

% (95%BCI)

Period A & B

% (95%BCI)

AFR 35 (18 – 57) 14 (4 – 44) 20 (8 – 40) 0.3 (0.1 – 1.9) 91

AMR 30 (22 – 40) 16 (8 – 36) 25 (18 – 34) 0.4 (0.2 – 0.9) 98

SEAR 39 (26 – 54) 26 (17 – 39) 32 (24 – 41) 0.5 (0.3 – 1.2) 95
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In a nutshell…………..

Meta-analysis

We can fit BREM using brm()

Stratified meta-
analysis Meta-regression

Major challenges
✓ Assigning prior is not straight forward
✓ No standard for interpreting between-

study heterogeneity for proportion 
studies

Still, we can ……….
✓ Combine priori with recent data
✓ Quantify the uncertainty around the 

estimates, specially between 
heterogeneity estimate (τ)

• Hackenberger, B.K., 2020. Bayesian meta-analysis now–let's do it. Croatian Medical Journal, 61(6), p.564.
• Ndimubanzi, et al (2010). A systematic review of the frequency of neurocysticercosis with a focus on people with epilepsy. PLoS neglected 

tropical diseases, 4(11), p.e870.
• Reis, et al (2023). A practical guide to random-effects Bayesian meta-analyses with application to the psychological trauma and suicide 

literature. Psychological trauma: theory, research, practice, and policy, 15(1), p.121.
• Lin, L. and Chu, H., 2020. Meta-analysis of proportions using generalized linear mixed models. Epidemiology, 31(5), pp.713-717.
• Wang, N., 2023. Conducting meta-analyses of proportions in R. Journal of Behavioral Data Science, 3(2), pp.64-126.

References
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What are the challenges related to NCC?

Fig. Map showing areas where cysticercosis is endemic 
(black) or reported (grey) (Román, et al., 2000). 

✓ Pleomorphic disease 
✓ No rapid test, require CT/MRI

• Reported in 70+ countries
• 1.24 to 2.8 million DALYs

Distribution Unknown
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What have we found? –Systematic review

15 Studies
Period A

21 Studies
Period B

47 743 Records
 Jan 1990 – May 2023

20 databases
Keywords:

Neurocysticercosis, 
Cysticercosis,

Taeniasis, Taeniosis, 
Taenia solium 

Meta-analysis in 
2010

11 Studies
Period A

Inclusion Criteria
• Definition of NCC & epileptic seizure
• Used CT-scan or MRI
• Population: PWES (age 0 to 125 years)
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Why we use GLMM with logit link?

Why we use Bayesian model?

• Directly models binomial data without transformation, 
avoids bias from approximate methods.

• Proportions are constrained between 0 and 1
• Stabilizes variance

• Combine priori with data
• Assume random parameter
• Interpretation of 95% credible interval 

Why not Bernoulli?
• No individual level data
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Why need transformation if the proportion?
• Approximate study-specific proportion with normal distribution
• Stabilizing their variance 
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How we specified the model? – using brm() function

STAN
• No-U-Turn Sampling (NUTS)

Bayesian random-
effect logistic 

model
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Model convergence?
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