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Presentation objectives

* 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

Human cysticercosis
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Taeniasis

v’ Epilepic seizure (~79%)
: v/ Severe headache (~38%)
: v/ Hydrocephaly :
: v/ Death (~10%)

Fig: Taenia solium Fig: Life cycle of Taenia solium

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


https://steemit.com/
https://www.cdc.gov/dpdx/cysticercosis/index.html

What is the traditional method of meta-analysis? —Frequentist approach

“Two-steps method”
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Raina 2012(India) — 0.40 [0.21;0.61]
Millogo 2012(Burkina Faso) T 0.28 [0.18; 0.40]
Phuttharak 2011(Thailand) i = 0.05 [0.02; 0.09]
Medina 2011(Honduras) — 0.15 [0.05; 0.32]
Goel 2011(India) —a 0.35 [0.27;0.43]
Villaran 2009(Peru) 0.38 [0.09; 0.76]
Prasad 2009(India) —a 0.47 [0.36; 0.57]
Prasad 2008(India) —a 0.48 [0.35; 0.62]
Samanta 2018(India) — 0.20 [0.15; 0.25]
Kankane 2018(India) - 0.14 [0.09; 0.20]
Souza-Pereira 2011(Brazil) ey 0.15 [0.12; 0.18]
KuateTegeu 2010(Cameroon)  —+— 0.07 [0.02; 0.15]
Singh 2020(India) . 0.14 [0.10; 0.20]
Synmon 2021(India) [ 0.13 [0.10; 0.15]
Keller 2022(Malawi) L m 0.04 [0.01; 0.09]
Secchi 2022(Brazil) 0.06 [0.05; 0.09]
Stelzle 2022(Tanzania) . 0.35 [0.30; 0.39]
Hemmer 2018(Uganda) .- 0.13 [0.10; 0.18]
Thapa 2020(Nepal) —a 028 10200
ndom e ects model < 0.19 [0.14;—0.21;‘>

Heterogeneltyn‘ =95.9%, 2 1138W I T
0304050607

Generalized linear mixed model (with logit link)

Here,
yi = # of cases
= # of samples

logit (pi) @ ui pi = study-level proportion,

P = overall proportion
ui ~ Normal((@ .

yi ~ Binomial (ni, pi)

ui = random effect

2 = between-study variance
(heterogeneity).

Major limitation:

“The frequentist approaches use the point
estimate of the heterogeneity variance as a fixed
quantity, which leads to variability
underestimation” — Hackenberger (2020)

Ref: Lin and Chu (2020); Wang (2023), Hackenberger (2020) 4



What is Bayesian random-effects model (BREM) ?

yi ~ Binomial (ni, pi)

logit (pi) =® s

> P ~ logistic (0,1)
» T~ Half_Cauchy (0,0.5)

ui ~ Normal(@

For meta-regression

yi ~ Binomial (ni, pi)

logit (pi) = P@ L

ui ~ Normal(0 %)

» B ~ Normal (0,1)
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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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Meta-analysis of studies
included in 2010’s study
(Ndimubanzi et al., 2010)

2. To assess how the NCC proportion has changed over time and regions.

—T— 2025

v



How we selected priors?
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Informative Priors

Weakly Informative Priors
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P ~ Uniform (0,1)

P ~ Uniform (logit (0), logit(1))
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P ~ logistic(0,1)
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Credit: Some visual created in https://www.napkin.ai/
Ref: Reis, et al (2023).
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How we used priors & data from a meta-analysis published in 2010? - Informative prior

* Included in previous and current meta-analysis
* With definition of NCC and epileptic seizure
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What have we found? - Bayesian meta-analysis

Median [95% BCT]

* The overall median proportion:
22% (95%BCI: 17 - 27%)

* Between-study heterogeneity (1):
1.1 (95%BCI: 0.9-1.5)

Frequentist meta-analysis results

Random effects model {}
Heterogeneity: /*=95.9%, 2= 1.1885, p<oloood © | T
01020304050607

0.19 [0.14; 0.25]

Study
With d efinition
Mehta 2014(India) —— . (155[0.54 0.65]
Aszzane 201 7(Mozambique) 0.56 [0.48, 0.63]
Sazamwanze 2016 Namibia) 0.54 [0.46, 0.61]
Prasad 2008(India) 0.47[0.35, 0.59]
Prasad 2009(fadiz) 0.46[0.36, 0.56]
Devi 202 (Tndia) 0.41[0.28, 0.55
Movano 2014(P=ru) - e — 0.38[0.33, 0.44]
Rainz 2012(Indiz) 0.38[0.22, 0.56]
Garvey 201 8(Peru) 0.38[0.17, 0.63]
Stalzle 2022(Tanzania) ——— 0.35[0.30, 0.39]
Goel 201 WIndia) - 034027, 042]
Thapa 2020(Nzpal) . 0.28 [0.20, 0.37]
Millogo 201%Buddina Faso) 0.28[0.18, 039
Armda 1991 (Brazil) ————— 0.27[0:21, 0.33]
Sinzh 2012(Ind1a) 0.21[0.13, 029
Musthy 2019(India) —_— 0.19[0.16 0.23]
de0liveiaTaveira 201 5(Brazil) —_— 0151011, 0207
Bovza-Pereira 201 1(B m=il) —_— 0.15[0.12, (18]
Singh 2020(India) —p—— 0.14 [0.10, 0.19]
Hemmer 2018Uzanda) ——— 0.13 [0.10, 0.1§]
Brizzi 2016(B hutzn) —— 0.13 [0.09, 0.1§]
Szechi 2022(Brazit) 0.07 [0.05, 0.09]
Kallar 2022(Malawi) 0.05 [0.02, 0.10]
Soumahoro2021{Cote d Tvoire) 0.04 [0.01, 0.08]
Schmidt 201N Tarzania) 0.03 [0.00, 0.03]
Pooled proportion (defined) e 0.25 [0.20, 0.32]
Without definition
Travizol Bittencourt 199 8(Brazil) 021 [0135 0.32]
Viftarin 2008F=5) - 0.21 [0.07, 0.48]
Samanta 2018(kndiz) —_— 0.19 [0.15, 0.24]
Tedeus 2007(Bax=il) —_— 1 0.16 [0.10, 0.23]
Kanlcane 2018(India) — 0.14 [0.0%, 0.19]
Medina 2011({Honduras) 0.14 [0.08, 0.25]
Synmon 2021(Indiz) 0.12 [0.10, 0.15]
KuvateTegan 2010{Cameroan) _— 0.08 [0.03, 0.14]
Poanatapuz 201 8(Tndia) 0.07 [0.04, 0.12]
Phuttharal 2011(Thailand) 0.06 [0.03, 0.10]
NDri 199%Céte & Tvoire) 0.04 [0.02, 0.07]
Pooled proportion (undefined) —_— 0.12 [0.07, 0.19]
Overall proportion 0.22]0.17,0.27]
00 02 0.4 06 0.8
Model-Estimated Proportion
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Prior distribution of NCC-
proportion (P)

Half-Cauch (0, 0.5)

Half-Cauchy (0, 1)

Posterior P

Posterior P

Non-informative priors

Student_t(3, 0, 2.5) 19 (14 - 26) 19 (14 -26)
Prior for SD only 19 (14 - 26) 19 (14 -26)
Logistic (0,1) 19 (14 - 26) 19 (14 -26)
Weakly-informative priors
Normal (0, 1.8) 19 (14 - 26) 19 (14 —26)
Normal (0,1) 20 (14 -26) 20 (15-27)
Informative priors
Normal (logit(0.29),0.1) h? (23-31) 27 (23 -31)
Normal (logit(0.29),0.183) 24 (19-29) 24 (19 -29)
Normal (logit(0.29),0.2) 23 (19-29) 23 (19-29)
Normal (logit(0.29),0.3) 22 (17-27) 21 (17-28)
Normal (logit(0.28),0.3) 21(17-27) 21 (16 —27)
Normal (logit(0.30),0.3) 22 (17 -28) 22 (17 -28)

0.20

0.05

0.00

0.20

0.15

Density

0.05

0.00

How sensitive the data to the prior? — Interpret the results

20
Proportion (%)

30
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How sensitive the data to the prior? —

T.

1.1 (95%BClI: 0.9 -1.5)

T Heterogeneity
0.1-0.5 “reasonable”
0.5-1.0 “fairly high”

[ 1.0< “fairly extreme”

Interpret the results

P Posteriort Posteriort
(3,0, 2.5) 1.1 (0.9-1.5) 1 1(0.9-1.5)
L(0,1) 1(0.9-1.5) 1(0.9-1.5)
N (0, 1.8) 1(0.9-1.5) 1(0.9-1.5)
N(0,1) 1(0.9-1.5) 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)
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What are the sources of BS heterogeneity?

Bayesian meta-regression

Variables OR (95%BCl)
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)

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

Proportion of NCC among PWES % of OR less
than 1.0

Region Period A Period B Period A & B OR (95%BCl)
% (95%BCI) % (95%BCI) % (95%BCI)

35 (18 - 57) 14 (4 - 44) 20 (8 - 40) 0.3(0.1-1.9)

30 (22 - 40) 16 (8 - 36) 25 (18 — 34) 0.4 (0.2-0.9) 98

39 (26 - 54) 26 (17 - 39) 32 (24 - 41) 0.5(0.3-1.2) 95

13



In a nutshell..............

We can fit BREM using brm()

Stratified meta-

Meta-analysis analysis Meta-regression
Major challenges Still, we r::an suesssaser
v Assigning prior is not straight forward v Combl.ne priori with rfacent data
v" No standard for interpreting between- v QU?ntlfy the uncertainty around the
study heterogeneity for proportion estimates, specially between
studies heterogeneity estimate (1)
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What are the challenges related to NCC?

* Reportedin 70+ countries
* 1.24to 2.8 million DALYs
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v No rapid test, require CT/MRI H o

Fig. Map showing areas where cysticercosis is endemic

(black) or reported (grey) (Roman, et al., 2000).
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What have we found? —Systematic review

20 databases
Meta-analysis in 47 743 Records Neﬁggz?:ef:;sis
2010 ] an 1990 — M(ly 2023 Cysticercosis,

Taeniasis, Taeniosis,
Taenia solium

Inclusion Criteria
Definition of NCC & epileptic seizure
Used CT-scan or MRI
Population: PWES (age 0 to 125 years)

\4

11 Studies 15 Studies 21 Studies
Period A Period A Period B

18



Why we use GLMM with logit link?

* Directly models binomial data without transformation,

avoids bias from approximate methods.
* Proportions are constrained between 0 and 1

e Stabilizes variance

Why we use Bayesian model? ~ Why not Bernoulli?

I * No individual level data

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

19



Why need transformation if the proportion?
* Approximate study-specific proportion with normal distribution
* Stabilizing their variance

20



How we specified the model? — using brm() function

Bayesian random-
effect logistic
model

yi = Binomial(n;,p;)
logit (p;) = P + u;

P = Normal(0,1)
u; = Normal(0,7?)

T = Half_Cauchy (0,0,5)

STAN

* No-U-Turn Sampling (NUTS)

21



Model convergence?

> summary(mod_ip_1)
Family: binomial
Links: mu = Togit
Formula: v | trials(n) ~ (1 | Study)
Data: dat_meta (Number of observations: 36)
Draws: 4 chains, each with iter = 10000; warmup = 5000; thin = 1;
total post-warmup draws = 20000

Multilevel Hyperparameters:
~5tudy (Number of Tevels: 36)

Estimate Est.Error 1-95% CI u-95% CI AR R U Tail_ESS
sd(Intercept) 1.12 0.15 0.87 1.45 4571

Regression Coefficients:

Estimate Est.Error 1-95% CI u-95% C¥ Rhat\Bul Tail_ESS
Intercept -1.29 0.16 -1.60 -0.9X 1.00 3541

Draws were sampled using sampling(NUTS). For each parameter, Bulk_ESS

and Tail_ESS are effective sample size 5, and Rhat i potential
scale reduction factor on split chaing( (at convergence, Rhat = 1))

L. CF._ a2 4™ onsons o o

b Intercept

b Intercept

W' 'H {,JW" M(.

byl

==

sd Study  Intercept

2.0
2000
1500~ 1.5
1000 1
1.0
500
0 -

sd Study  Intercept

_ \'"\I ”;l l '\“ \l hUh l l'|.
Fosi

0 1000 2000 3000 4000 5000

0 1000 2000 30004000 5000
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