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Introduction

Comparative effectiveness research

Comparative effectiveness research (CER) helps answer “what works
best” and inform health-care decisions by providing evidence on the
effectiveness, benefits, and harms of different treatments.1

The evidence can be obtained from existing or new research studies
that compare drugs, medical devices, or ways to deliver health care.

The goal can be achieved by synthesizing all relevant study findings in
a principled way about key aspects of efficacy or safety of certain
interventions.

CER also helps improve evidence-based medicine, personalized
medicine, and the use of current best evidence in making decisions
about the care of individual patients.

1Agency for Healthcare Research and Quality (AHRQ) http://www.ahrq.gov
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NMA with IPD

• Integration and collection of both    
published and unpublished findings 
for a specific question

• Comparison of common intervention
and comparator        

• Combine direct and indirect evidence
• Key issues: heterogeneity and                   

inconsistency
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decision-making
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• Adaptive borrowing between different
data source

Multiple sources of data

IPD: individual participant-level data
AD: aggregate-level data
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• Frequentist vs. Bayesian
• Rare event
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• Missing data
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NMA with IPD 
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• Power and commensurate priors
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• Frequentist vs. Bayesian
• Contrast-based vs. arm-based models
• Multiple outcomes
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Meta-analysis

Frequentist vs. Bayesian meta-analysis

Hong et al. (2020). Clinical Trials 18(1):1-14
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Meta-analysis

An example of meta-analysis

Hong et al. (2023). BMJ Open 13:e065305

10 / 46



Meta-analysis

Meta-analysis

Meta-analysis is a statistical technique
for combining the findings from
independent studies to assess the
clinical effectiveness of healthcare
interventions.

This approach provides a quantitative
(statistical) estimate of net benefit and
effect heterogeneity aggregated over all
the included studies.

11 / 46



Meta-analysis

Set up the research question

Hong et al. (2023). BMJ Open 13:e065305
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Meta-analysis

Eligibility criteria (population)

Hong et al. (2023). BMJ Open 13:e065305
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Meta-analysis

Search strategy

Hong et al. (2023). BMJ Open 13:e065305 14 / 46



Meta-analysis

Flow chart

Hong et al. (2023). BMJ Open 13:e065305
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Meta-analysis

Data collection process

Hong et al. (2023). BMJ Open 13:e065305
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Meta-analysis

Outcome definition

Outcomes should be pre-specified.
Hong et al. (2023). BMJ Open 13:e065305
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Meta-analysis

Meta-analysis outcome data

Hong et al. (2023). BMJ Open 13:e065305
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Meta-analysis

Risk of Bias

Hong et al. (2023). BMJ Open 13:e065305
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Meta-analysis

Meta-analysis: Data structure

1 Continuous outcome
Sample mean, sample size, and sample standard deviation

Control Treated

Study 1 6.9 (2.0) 3.8 (2.2)
Study 2 4.1 (1.6) 3.7 (2.3)
Study 3 2.5 (2.5) 2.3 (2.8)

2 Binary outcome

Control Treated

Study 1 25/100 48/150
Study 2 10/80 23/100
Study 3 14/130 30/150
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Meta-analysis

Meta-analysis
Meta-analysis is a statistical technique
for combining the findings from
independent studies to assess the
clinical effectiveness of healthcare
interventions.

This approach provides a quantitative
(statistical) estimate of net benefit and
effect heterogeneity aggregated over all
the included studies.

Fixed effect or common treatment effect (CTE) model assumes a
common treatment effect across studies. E.g., LORi ≡ LOR

Random effects or heterogeneous treatment effect (HTE) model
assumes that treatment effects vary across studies. E.g.,
LORi ∼ N(LOR, τ2)
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Meta-analysis

Fixed vs. random effects meta-analysis

Fixed effect MA assumes that all studies estimate the same effect
size, and therefore there is no variability between studies.
The inverse-variance weight in a fixed effect MA is

wf ,i =
1

σ2
i /ni

,

where σ2
i /ni measures the within-study effect variability in the i th

study.
Random effects MA assumes that the true effects in the studies are
sampled from a distribution of true effects, and allows heterogeneity
between studies.
The inverse-variance weight in a random effect MA is

wr ,i =
1

σ2
i /ni + τ2

,

where τ2 is the between-study effect variability.
22 / 46



Meta-analysis

Fixed vs. random effects meta-analysis

Study weights are more balanced
under the random effects MA.

Standard error of the summary
effect is larger under the random
effects MA.

Introduction to Meta-Analysis. Borenstein et al. 2009
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Meta-analysis

Report heterogeneity

Heterogeneity refers to treatment effect size variability between
studies (possibly due to design and patient characteristics).

Heterogeneity can be measured by I 2 or the estimated variance of
random effects, τ2, by fitting a random effect model.

I 2 presents the percentage of the variability in effect estimates that is
due to heterogeneity rather than sampling error.

I 2 less than 40% might not be important, 30% to 60% may represent
moderate heterogeneity, and larger than 60% represents substantial
heterogeneity.

Do not solely rely on values. The actual data should be investigated.
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Meta-analysis

Frequentist approaches

Fixed effect MA: Peto and Mentel Haenszel (MH).

Random effects MA: DerSimonian and Laird Inverse-Variance (IV)

For rare binary outcomes, data modification (or continuity correction)
is applied to for studies having one or more zero cells.

No. of events No. of nonevents Total

Control group yi1 + 0.5 ni1 − yi1 + 0.5 ni1 + 1
Treated group yi2 + 0.5 ni2 − yi2 + 0.5 ni2 + 1

Total yi · + 1 ni · − yi · + 1 ni · + 2

Table: DM using a constant

metafor in R, metan in Stata

Hong et al. (2020) Clinical Trials. Meta-analysis of rare adverse events in randomized clinical trials: Bayesian

and frequentist methods
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Meta-analysis

Bayesian approach: logistic regression

Fixed effect MA: logit(pik) = µi + d ∗ I (k = 2)

Random effects MA: logit(pik) = µi + δi ∗ I (k = 2)

▶ µi is the study-specific baseline effect (i.e., log odds of control group
for study i).

▶ d and δi are the log odds ratio (LOR) between treated and control
groups.

We distinguish the two models based on the assumption that whether
we allow heterogeneity of treatment effects via LOR to the model or
not.

Random effects models assume δi∼N(d , τ2), where τ2 measures the
heterogeneity of LOR across studies.
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Meta-analysis

Bayesian approach: logistic regression

FE model: logit(pik) = µi + d ∗ I (k = 2)

RE model: logit(pik) = µi + δi ∗ I (k = 2)

We adopt various prior distributions

Model name Prior distribution
FE-vague µi∼N(0, 102)

d∼N(0, 102)
FE-informative µi∼N(0, 102)

d∼N(d∗, 1)
RE-vague µi∼N(0, 102)

δi∼N(d , τ2), d∼N(0, 102), τ∼Unif (0, 2)
RE-informative µi∼N(0, 102)

δi∼N(d , τ2), d∼N(d∗, 1), τ∼Unif (0, 2)
RE-shrinkage µi∼N(m, τ2µ), m∼N(0, 102), τµ∼Unif (0, 2)

δi∼N(d , τ2), d∼N(0, 102), τ∼Unif (0, 2)
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Meta-analysis

Why Bayesian in meta-analysis?

A Bayesian thinks of parameters as random, and thus having
distributions.

That is, Bayesian 95% credible intervals are more straightforward
than frequentist 95% confidence intervals.

Bayesian models incorporate all parameter uncertainties.

A Bayesian approach provides flexibility, enabling us to account
for correlation induced by multi-arm trials.
▶ Bayesian hierarchical models
▶ Prior specifications

A Bayesian approach offers probability-based interpretations, so
we can easily calculate the ranking probabilities.
▶ Probability of being best, second best... or worst
▶ Pr(effect size < value | Data)

28 / 46



Meta-analysis

HCQ confirmed case data
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Meta-analysis

Stan Code for fixed effect model
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Meta-analysis

Stan Code for random effects model
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Meta-analysis

R code to run stan models
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Meta-analysis

R outputs: Fixed effect model
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Meta-analysis

R outputs: Random effects model

34 / 46



Meta-analysis

Forest plot
Confirmed positive COVID-19; τ̂ = 0.39

Study
Naggie et al.
Abella et al.
Rajasingham et al.
Rojas−Serrano et al.
McKinnon et al.
Vijayaraghavan et al.
Polo et al.
Llanos−Cuentas et al.
Grau−Pujol et al.
Syed et al.

Meta-analysis

HCQ 
y/n

3/683
4/64

11/989
1/62

2/387
11/211
21/224

5/34
1/137
42/154

101/2945

Placebo 
y/n

6/676
4/61

6/494
6/65

2/191
12/203
23/211

3/31
1/116
7/46

70/2094

Odds Ratio [95%CI]
0.49 [0.12, 1.98]
0.95 [0.23, 3.98]
0.91 [0.34, 2.49]
0.16 [0.02, 1.38]
0.49 [0.07, 3.51]
0.88 [0.37, 2.03]
0.85 [0.45, 1.58]
1.61 [0.35, 7.38]

0.85 [0.05, 13.67]
2.09 [0.87, 5.03]

0.92 [0.58, 1.37]

0 1 2 3 4
Favors Hydroxychloroquine Favors Placebo

   Odds ratio for confirmed positive COVID−19

I² = 0%

Adverse event; τ̂ = 0.45

Study
Naggie et al.
Abella et al.
Rajasingham et al.
Rojas−Serrano et al.
McKinnon et al.
Vijayaraghavan et al.
Polo et al.
Grau−Pujol et al.
Syed et al.

Meta-analysis

HCQ 
y/n

16/683
29/65

316/989
32/62

192/387
21/211
100/224
53/137
9/154

768/2912

Placebo 
y/n

13/676
17/65

100/494
38/65

85/191
14/203
94/211
42/116

1/46
404/2067

Odds Ratio [95% CI]
1.22 [0.58, 2.56]
2.27 [1.09, 4.76]
1.85 [1.43, 2.39]
0.76 [0.38, 1.53]
1.23 [0.87, 1.74]
1.49 [0.74, 3.02]
1.00 [0.69,1.47]
1.11 [0.67, 1.85]

2.79 [0.34, 22.65]
1.35 [1.03, 1.73]

0 1 2 3 4
Favors Hydroxychloroquine Favors Placebo

      Odds ratio for adverse event

I² = 43%
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Meta-analysis

Additional results
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Meta-analysis

Exercise

Use the adverse event outcome data and run Bayesian meta-analysis
models!
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Network meta-analysis (NMA)

Network meta-analysis

Network meta-analysis (NMA) is an
extension of the pairwise meta-analysis
to address the comparative effectiveness
and safety of multiple (i.e., more than
2) interventions by combining all
sources of data.

NMA may or may not include head-to-head RCTs of the treatments
of primary interest. In such cases, we must rely on indirect
comparisons that use statistical techniques to incorporate the findings
from multiple studies.

Bayesian random effects NMA models are fitted.
▶ “Random effects” are used to account for heterogeneity across studies.
▶ “Bayesian” is a natural choice to model hierarchical evidence and

correlation.
▶ “Bayesian” gives us useful probability-based metrics to rank treatments.
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Network meta-analysis (NMA)

Examples

Lopes et al. (2019). JAMA Cardiology 4;747-755
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Network meta-analysis (NMA)

Examples

Li et al. (2015). Ophthalmology 123:129-140
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Network meta-analysis (NMA)

NMA: POAG example

POAG: Primary Open-Angle Glaucoma

Li et al. (2015). Ophthalmology 123:129-140
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Network meta-analysis (NMA)

NMA: POAG results

Li et al. (2015). Ophthalmology 123:129-140
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Network meta-analysis (NMA)

NMA: POAG results

Li et al. (2015). Ophthalmology 123:129-140
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Summary

Summary

MA and NMA are statistical methods to
combine/integrate/synthesize multiple studies to generate relative
effect estimates between two interventions.

MA and NMA improve our understanding of comparative effectiveness
of multiple interventions by leveraging multiple data sources.

Statistical model specifications should be carefully reported.

The effect estimates and associated 95% confidence/credible intervals
should always be presented.

The rankings based on probabilities are straightforward and attractive,
BUT could be over-interpreted and misleading when making decisions.

Many methods for meta-analysis are actively developing for specific
topics such as generalizability, treatment effect heterogeneity,
historical controls in RCTs.
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Thank you!

www.HwanheeHong.com
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