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Bayesian Meta-Analysis of Prevalence:
Alzheimer’s Disease in Europe

Prevalansin Bayesci Meta-Analizi:
Avrupa’da Alzheimer Hastalig1

ABSTRACT Objective: Statistically, prevalence is defined as the frequency of disease at a given
time in a particular population. Meta-analysis can be a useful in estimating prevalence more
precisely. Meta-analysis is a statistical method that combines the results of studies on a deter-
mined topic in order to derive an average estimate. In medical and statistical literatiire, the me-
ta-analysis of prevalence is often considered to be a frequentist rather than an Bayesian appro-
ach. Frequentist meta-analysis uses two main statistical models: fixed-effect and random-effect
models. Under the fixed-effect model, the effect size is assumed to be the same for all studies,
whereby all differences in the observed effects are due to sampling errors. By contrast, under the
random-effects model the true effect may change from study to study. In Bayesian meta-analy-
sis, one has to gather the data from the selected studies, choose informative or non-informative
prior, model the posterior, and run simulations in order to assess parameters of the posterior
distribution. In addition to direct probability statements on different scales and predictions, the
conflict between fixed- and random-effects meta-analysis are handled through the Bayesian
approach. Material and Methods: The frequentist and Bayesian meta-analysis applied to data
obtained from Niu et al. (2017) in order determine the prevalence of Alzheimer ’s disease in
Europe. Results: The Bayesian approach gave a narrower confidence interval and smaller rela-
tive error than the frequentist approach. Conclusion: More accurate prevalence estimates are
derived from the Bayesian approach.
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OZET Amag: Istatistiksel olarak prevalans, belirli bir popiilasyonda belirli bir zamanda hasta-
Iik siklig1 olarak tanimlanir. Prevalans: daha kesin tahmin etmek i¢in meta-analiz yararh bir
yontem olabilir. Meta-analiz, ortalama bir tahminde bulunmak i¢in belirli bir konu {izerine
yapilan ¢alismalarin sonuglarini birlestiren istatistiksel bir yontemdir. Medikal ve istatistiksel
literatiirde prevelansin meta-analizi genellikle Bayes yaklasimdan ¢ok frekansci yaklasimda ele
alinmaktadir. Frekansc1 meta-analizi, sabit ve rastgele etki modeli olmak tizere iki ana istatistik
modeli kullanmaktadir. Sabit etki modeli altinda, etki bityiikligiintin tiim ¢aligmalar i¢in aymi
oldugu ve gozlemlenen etkilerdeki tiim degisimlerin 6rnekleme hatasindan kaynaklandig: var-
sayllmaktadir. Rastgele etkiler modeli altinda ise gercek etki, calismadan galismaya degistigi var-
sayillmaktadir. Bayesci meta analizinde, segilen ¢aligmalardan elde edilen sonuglarin toplanmas,
bilgilendirici veya bilgilendirici olmayan 6nsellerin segilmesi ve sonsal dagilimin modellenmesi
ile parametrelerin degerlendirilmesi gerekmektedir. Bayesci yaklagim, farkl etkiler ve tahmin-
ler i¢in dogrudan olasilik ifadelerinin yani sira, sabit ve rastgele etki model arasinda segim yap-
may1 ortadan kaldirmaktadir. Gereg ve Yontemler: Avrupa’da Alzheimer Hastalig1 prevalansini
belirlemek i¢in, Niu ve ark. (2017) ¢alismasindan elde ettigi verilere frekans¢1 ve Bayesci yakla-
sim ile meta-analizi uygulanmistir. Bulgular: Bayesci yaklasim frekansci yaklasimdan daha dar
bir giiven aralig: ve kiigiik géreceli bir hata vermistir. Sonug: Daha kesin prevalans tahminleri
Bayes yaklagimindan tiiretilmistir.

Anahtar Kelimeler: Meta-analizi; Bayes yaklagimi; prevelans; Alzheimer hastalig
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eta-analysis aimes to combine and summarize various, mutually exclusive studies. One of the
advantages of meta-analysis is to enlarge the sample size.! Meta-analysis was first applied in
1904 by Karl Pearson to synthesize several independent typhoid vaccine studies.? Scientists had

developed meta-analysis after the 1980s, whereby meta-analysis became a statistical technique.>**

Recently, meta-analysis has been used to estimate the pooled prevalence of depressive symptoms in pa-
tients with chronic obstructive pulmonary disease,® and with HIV among high school and college students
in China.” Furthermore, Anchala et al.® estimated the prevalence of hypertension in India, Chen et al.’
determined the prevalence of coinfection with either hepatitis C or B in patients infected with HIV, and
Jayawardena et al.® discussed the prevalence of pre-diabetes and diabetes in South Asia. Studies on Ba-
yesian meta-analysis of prevalence have increased over the past five years. Hussain et al.!! estimated the
local prevalence of hepatitis B in Pakistan, Liu et al.'”” determined the prevalence of hepatitis B infection
rates among Chinese volunteer blood donors, Song et al. estimated the prevalence of vitamin A deficiency
in Chinese children, Maheu-Giroux et al. estimated the lifetime and point prevalence of vaginal fistula
symptoms in 19 sub-Saharan Africa countries and Xin et al. determined the prevalence of schistosomiasis

japonica in the lake regions of China’s Hubei province.’*"

Frequentist and Bayesian meta-analysis have been applied to data obtained from Niu et al. (2017) in
order to determine the prevalence of Alzheimer’s disease in Europe. The analysis was carried out using
R software. “meta” and “MCMCpack” packages used in order to perform both frequentist and Bayesian
approach of meta-analysis, respectively.

I MATERIAL AND METHODS

Statistically, prevalence is defined as the frequency of disease at a given time in a particular population.
Meta-analysis can be a useful in estimating prevalence more precisely.'® In medical and statistical literatu-
re meta-analysis of prevalence is often considered in frequentist approach rather than Bayesian approach.

Frequentist meta-analysis uses two main statistical models: fixed-effect and random-effect model. The
fixed-effect model assumes that the effect size is the same for all studies, and that the observed difference
between effects are due to sampling error. The random-effects model assumes the effect size may vary
from study to study.!

One of the measures of heterogeneity that is not sensitive to either the scale of the effect size and the num-
ber of studies is, > wherby, *is the proportion of true heterogeneity to total variation in observed effects.'

A forest plot displays the results of the individual studies as well as the overall estimate from the meta-a-
nalysis. Each horizontal line on a forest plot represents an individual study with the result plotted as a box,
and with the 95% confidence interval of the result displayed as the line.!

The Bayesian approach is based on Bayes’ theorem on conditional probabilities. After developing high
quality statistical software packages, the mathematical and computational difficulty was simplified using
Markov Chain Monte Carlo (MCMC) methods. The main difference between the Bayesian and frequen-
tist approach is that the Bayesian does not solely depend on likelihood. It also combines initial beliefs or
knowledge (prior) with information from the data (likelihood) and produces updated beliefs (posterior)."”
Compared to frequentist methods, Bayesian methods offers a number of practical advantages.'®*? In
Bayesian meta-analysis, one has to gather the data from selected studies, choose informative or non-infor-
mative prior, model the posterior, and run simulations in order to assess the parameters of the posterior
distribution. In addition to direct probability expression on various scales and predictions, the conflict
between fixed- and random-effects meta-analysis is handled using the Bayesian approach.”!
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Based on various statistical points of view, there are two main methodological options to estimate that can
true prevalence: the Bayesian as well as the frequentist approach.

In the frequentist approach the meta-analysis of prevalence is based on the inverse variance method. The
pooled proportion is an average that is calculated by weighting each study of their variance via a fixed/
random effect model.'® The individual study weights, in terms of an equation, is as follows;

Var(p) = @ 1)

where N is the size of population and p is the proportion of each study.

Based on the inverse variance method the estimates of the pooled proportion is given by,

_Pi

Z‘Var(pl-)

= e @
War(p;)

P

with standard error,

1
SE(P) = /Zim 3)

In the Bayesian meta-analysis of prevalence, prevalence is handled as a random variable. Binomial dist-
ribution is convenient, given that the prevalence ranges from 0 to 1. The likelihood function is given by:

r(ylp) = (;,l) p’(1=p)"™ 4)

For the non-informative prior distribution, Beta(a,f) distribution is the best candidate. The posterior
distribution of prevalence is proportional to that of the beta distribution.?? The posterior distribution is
given by

p(ply) ~ Beta(y + a,n — y + ) (5)

In the Bayesian meta-analysis, heterogeneity can be handled more efficiently by simultaneously incorpo-
rating variations at all levels.?

I DATA ANALYSIS AND RESULTS

Alzheimer’s disease is widespread form of dementia defined by developing memory and cognitive deteri-
oration.*

The meta-analysis containes eight studies including several number of patients ranging in number from
365 to 7528. Table 1. summarizes the total number of Alzheimer’s disease and of patients over eight (8)
studies. Both the frequentist and Bayesian approaches were applied in order to estimate the prevalence of
Alzheimer’s disease in Europe (Table 2).

In frequentist meta-analysis, the DerSimonian-Laird method was used in order to calculate the inver-
se-variance weighting method as well as estimate the between-study variance (72). The result for the
random effect model was summarized using Forest plot as shown in Figure 1.
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TABLE 1: Alzheimer's disease and total numbers of patients in 8 studies.

No Study Alzheimer’s disease (event) Total number of Alzheimer’s disease (n)

1 Manubens et al. (1995) 119 1019

2 Ott et al. (1995) 339 7528

3 Prencipe et al. (1996) 50 968

4 Ferini-Strambi et al. (1997) 27 673

5 Obadia et al.(1997) 82 1068

6 Salamon et al.(1999) 128 4123

7 Tsolaki et al.(1999) 20 365

8 Tola-Arribas et al.(2013) 143 2170

Total 908 17914
Study Events Total Proportion 95%-Cl Weight
1 119 1019 — 012 [010;0.14] 112%
2 339 7528 ] 005 [0.04;005] 141%
3 50 968 —a— 0.05 [0.04,0.07] 126%
4 27T 673 —8— 004 [003,006] 124%
5 82 1068 — 0.08 [0.06;0.09] 121%
6 128 4123 &= 003 [003;004] 141%
7 20 365 —&—— 005 [0.03;008] 10.3%
8 143 2170 . 007 [0.06;008] 133%
Random effects model 17914 - 0.06 [0.04; 0.07] 100.0%
Heterogeneity: /° = 94%, t° = 0.0004, p <0.01 ! , . . !
004 006 008 01 012

FIGURE 1: Forest plot of Prevalence of Alzheimer disease.

In Figure 1, the prevalence was %6 (95% CI, 0.04 to 0.07). Significant heterogeneity was observed betwe-
en-study (Q=110.13, p<0.0001) with [ 2 = 949%, which means that 94% of observed variance was obta-
ined from the real difference between studies and moreover can be explained by study-level covariates.

In the Bayesian meta-analysis, each study prevalence (p;) is handled as a random variable and the number
of Alzheimer’s disease (y;) is assumed to follow binomial distribution with 7; and p;.

yi~Binomial(n;, p;) (6)

where n; was the total number of participants investigated and p; was the corresponding prevalence. In
this study, 908 out of 17914 patients had Alzheimer ’s disease.

The non-informative prior distributions were used in the Bayesian analysis on the assumption that there
is no prior information on prevalence. Hence, the prior distribution of prevalence followed the beta(1,1)
and beta(0.5,0.5) distribution (Figure 2). Beta(1,1) distribution gives equal weight to all possible values of
prevalence. Beta(0.5,0.5) or Jeffrey’s prior is defined in terms of Fisher information, and expresses a belief
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FIGURE 2: Prior distribution plot.

that true prevalence is more likely to be at either extreme end of the distribution rather than anywhere in
the center."” For all of the parameters, non-informative prior was specified.

The Markov Chain Monte Carlo simulation was used in order to estimate the posterior distribution of pre-
valence. The R statistical software “MCMCpack” package was used to perform the simulation. An iterative
process was carried beyond 25.000, whereby the estimate proved to be very stable. In order to reduce any
potential bias, the first 2.500 samples were discarded as burn-in. Figure 3 displayed posterior densities and
convergence history for prevalence. Figure 3 a and b displayed the posterior densities of prevalence obta-
ined from beta(1,1) and beta(0.5,0.5) prior, respectively. Each prevalence was symmetric in shape in the
posterior densities. The trace plots displayed nice oscillograms around a horizontal line without any trend.
The Markov chain mixed well and was presumably sampling from the stationary distribution.

The median and its 95% credible intervals of the posterior distribution of prevalence were reported as

summary estimates.

The relative error of each method was computed in order to assess the accuracy of the three estimates, and
given in Table 2. In the frequentist approach, the pooled prevalence was estimated as %6 (95% CI, 0.04 to
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FIGURE 3: Trace and density distribution plots of prevalence: (a) Beta(1,1) prior and (b) Beta(0.5,0.5).
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TABLE 2: Results of frequentist and Bayesian meta-analysis.
Method Pooled Prevalence LB uB Range Relative Error
Frequentist 0.0589 0.0450 0.0729 0.0279* 0.16196
Bayes (Beta(1,1)) 0.0507 0.04757 0.05398 0.00641 0.00059
Bayes (Beta(0.5,0.5)) 0.0507 0.04755 0.05395 0.00640 0.00059

0.07). For both priors (beta(1,1) and beta(0.5,0.5)) the estimated pooled prevalence lead to similar nume-
rical values in the Bayesian approach, %5 (95% CI, 0.047 to 0.054). The range of pooled estimates of each
prevalence were obtained from both the frequentist and Bayesian approachs as 0.02, 0.00641 and 0.00064,
respectively. The narrowest relative error was obtained from the Bayesian approach.

I CONCLUSION

The meta-analysis is a beneficial method when it comes to estimating the pooled prevalence of human di-
seases. While the frequentist approach provides simplicity and ease of use, the Bayesian approach provides
complete information about all parameters because it takes into account all of the sources of variations.

In this study, the frequentist and Bayesian meta-analysis methods were applied to data obtained from Niu
et al. (2017) in order to determine the prevalence of Alzheimer’s disease in Europe. According to the nar-
row confidence interval as well as to a smaller relative error, the Bayesian approach was better than the
frequentist approach, given that it estimated prevalence considerably more accurately.
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