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Appendix 1: Model description 

Notation 

Consider a network of evidence comprising S interventions forming the set 𝛺 = and 𝑁 studies in 

total. Each study 𝑖 = 1, … , 𝑁 compares a specific number of interventions. Let A be an arbitrarily 

chosen reference intervention and M an index for any of the S-1 remaining interventions. We use 

𝑦𝑖
𝐴𝑀 to refer to an observed effect size (e.g., log odds-ratio [LOR]) in study i, with the descriptor 

‘AM’ specifying that the estimate refers to a comparison of intervention M relative to 

intervention A. The underlying parameter 𝜇ΑΜ refers to the average relative intervention effect of 

M relative to A. Any parameter 𝜇ΑΜ that includes intervention A is named a basic parameter and 

all other parameters are named functional. Under the assumption of consistency, a functional 

parameter associated with intervention comparison MX can be expressed via the consistency 

equation 𝜇ΜΧ = 𝜇ΑΧ − 𝜇ΑΜ.  

 

Consistency and inconsistency models 

To describe the consistency and inconsistency models it is ideal, but not necessary, to assume that 

all studies include the reference intervention A. In such a case, if a study does not include an A 

arm we impute data with minimal information as described by White et al.22 to derive the 

observed effect sizes. Alternatively, the contrast-based format can be used, where the observed 

effect size comparing two interventions is used directly. 

 

In the random-effects consistency model the observed intervention effect 𝑦𝑖
𝐴𝑀 is modelled as  

𝑦𝑖
𝐴𝑀 = 𝜇ΑΜ  + 𝛿𝑖

AM  +  𝑒𝑖
AM 

where 𝛿𝑖
AM is the random effect for study i, reflecting heterogeneity between studies comparing 

M to A. The term 𝑒𝑖
AM is the within-study error with the vector of the within-study errors being 

normally distributed 𝒆𝒊~𝛮(𝟎, 𝐕𝑖), where 𝐕𝑖 is the within-study variance-covariance matrix 

assumed to be known. Note that for a two-arm study i, the within-study variance-covariance 

matrix 𝐕𝑖 reduces to a scalar expressing the sample variance of the estimated intervention effect 

in study i. The study-specific random-effects are normally distributed with 𝐓 denoting the 

between studies variance-covariance matrix 



𝜹𝒊~𝑁 (𝟎, 𝐓 = (
𝜏2 … 𝜏2/2 
⋮ ⋱ ⋮

𝜏2/2 … 𝜏2
)) 

If the ith study is a two-arm study then the between studies variance-covariance matrix reduces to 

a scalar 𝜏2 expressing the between study variance. In the general case that a study compares 𝐾𝑖 

interventions, the dimension of both variance covariance matrices 𝐓 and 𝐕𝑖 is (𝐾𝑖  − 1) × (𝐾𝑖  −

1). When a network had no degrees of freedom for heterogeneity, the between-study variance 

could not be estimated, so we applied a common-effect DBT model (This happened when there 

was only one study with design d in the network, see details below). 

 

Let us assume that studies comparing the same subset of interventions belong to the same design 

d. Design d refers to studies with Sd specific interventions from the set 𝛺 investigated in Nd 

studies and the network has in total D designs (𝑑 =  1, … , 𝐷). Consistency can conceptually fail 

to hold if there is difference between a direct (e.g., 𝜇ΜΧ) and an indirect (e.g., 𝜇ΑΧ − 𝜇ΑΜ) 

estimate for the same comparison or if there is difference in the relative effect of two 

interventions when it is estimated in studies with different designs.  

 

Accounting for inconsistency, the DBT model for the observed intervention effect 𝑦𝑖𝑑
𝐴𝑀, with the 

descriptor d specifying the design of the study, is 

𝑦𝑖𝑑
𝐴𝑀 = 𝜇ΑΜ  + 𝜔𝑑

AM + 𝛿𝑖𝑑
AM  +  𝑒𝑖𝑑

AM 

where the term 𝜔𝑑
AM within design d represents inconsistency in the AM contrast, that is the 

amount of disagreement between different sources of evidence (variability in loops or between 

designs). The model accounts for the difference in estimating the relative effect AM when 

measured in different designs by adding the 𝜔𝑑
AM term. If any AM comparison is estimated using 

direct evidence only (is not involved in a loop) and there are no multi-arm studies involving both 

A and M interventions then inconsistency cannot be estimated and we set 𝜔𝑑
AM = 0 to ensure 

identifiability. Also, 𝜔𝑑
AM is ignored if design d does not contain A and M interventions. The 

number of inconsistency terms depends on both the total number of interventions in the network 

and the number of interventions in each design, and is obtained as 𝑙 = ∑ (𝑆𝑑 − 1) 𝑑 − (𝑆 − 1) 

(see Higgins et al8  and White et al.6 for more details). Omission of the term 𝜔𝑑
AM and index d 



from the inconsistency model gives the consistency model. Therefore, 𝑙 is the difference in the 

number of parameters between the inconsistency and consistency models.  

 

The 𝜔 parameters might be treated either as random effects25, assuming they all come from a 

common normal distribution 𝜔𝑑
AM~𝑁(0, 𝜎2) with 𝜎2 the inconsistency variance, or as linearly 

independent fixed effects allowing different sources of evidence to differ by a fixed quantity6. In 

this paper we consider fixed 𝜔 parameters, and the DBT is applied in a frequentist setting. To 

assess the presence of inconsistency in the entire network, we include all 𝜔𝑑
AM inconsistency 

terms in a vector Ω with dimension 𝑙 × 1 and assess the null hypothesis H0: Ω = 0 using the χ2-

test with l degrees of freedom: 

W𝐷𝐵𝑇 = 𝜴′𝚺−1𝜴 

where 𝚺 is the 𝑙 × 𝑙 variance-covariance matrix of Ω. The model accounts for correlations across 

effect sizes estimated in multi-arm trials and is insensitive to their parameterisation. Note that the 

𝑊𝐷𝐵𝑇 statistic under the common-effect model is equivalent to the Q-statistic for the evaluation 

of the assumption of consistency as presented elsewhere26, 27. In NMA, the assessment of 

homogeneity and consistency assumptions can be conducted using the generalized Cochran’s Q-

statistic for multivariate meta-analysis27. The Q-statistic in a common-effect model can be 

decomposed into the sum of the within-design Q-statistics and the between-designs Q-statistic. 

We calculated the Q and I-squared statistics for each network using the netmeta package in R. 

The netmeta package provides a single heterogeneity/inconsistency I-squared value from the Q 

statistic for the overall network based on the formula I² = max {0, 100%(Q − df)/Q}. 



 

Appendix Figure 1: Flowchart for network meta-analysis study inclusion 

 

 

 

 

 

 

 

 

 



 

Appendix Table 1: Number of consistent and inconsistent networks at 0.05 and 0.10 

significance levels using DL and REML heterogeneity estimators.  

Estimation 

Method 

REML 
Total # of Networks  P<0.05 0.05≤P<0.10 P≥ 0.10 

DL 

P<0.05 25 (12%) 3 (1.5%) 5 (2.5%) 33 (16%) 

0.05≤P<0.10 1 (0.5%) 7 (3.5%) 3 (1.5%) 11 (6%) 

P≥0.10 2 (1%) 1 (0.5%) 154 (77%) 157 (78%) 

Total # of Networks 28 (14%) 11 (6%) 162 (86%) 201 (100%) 

* P is the p-value of the design-by-treatment inconsistency test 

Abbreviations: DL, DerSimonian and Laird; REML, restricted maximum likelihood 

 

 

 

 

 



 

 

Appendix Figure 2: Stacked bar plot of consistent (green bars) and inconsistent (blue bars) 

networks at α=0.05 per heterogeneity estimator and year of study publication‡ 

 

* P is the p-value of the design-by-treatment inconsistency test 

‡ NMAs published in the year 2016 were not included in this study 

Abbreviations: DL, DerSimonian and Laird; REML, restricted maximum likelihood 



Appendix Figure 3: Plot of p-values (fourth-root scale) of the DBT model against network structural characteristics (logarithmic scale) 

Panels (a) (correlation coefficient [p-value] = -0.10 [0.16]) and (b) (correlation coefficient [p-value] = -0.16 [0.02]) explore the number of studies in the network; 

panels (c) (correlation coefficient [p-value] = -0.03 [0.71]) and (d) (correlation coefficient [p-value] = -0.10 [0.16]) explore the number of interventions in the 

network; panels (e) (correlation coefficient [p-value] = -0.07 [0.33]) and (f) (correlation coefficient [p-value] = -0.15 [0.03]) explore the number of direct 

intervention comparisons in the network; panels (g) (correlation coefficient [p-value] = -0.03 [0.67]) and (h) (correlation coefficient [p-value] = -0.11 [0.11]) 

explore the number of designs in the network; panels (i) (correlation coefficient [p-value] = -0.02 [0.77]) and (j) (correlation coefficient [p-value] = -0.11 [0.10]) 

explore the number of multi-arm studies in the network; panels (k) (correlation coefficient [p-value] = 0.01 [0.67]) and (l) (correlation coefficient [p-value] = -

0.05 [0.45]) explore the number of loops in the network. First column of panels uses the REML estimator for heterogeneity, whereas second column of panels 

uses the DL estimator for heterogeneity. 

The horizontal green and purple lines represent the cut-off p-value = 0.05 and p-value = 0.10, respectively. The blue diagonal line is the regression line. 

* Networks with no multi-arm studies in (i) and (j) plots were treated as networks including a single multi-arm study, to avoid excluding them from the plot, 

since the logarithm could not be calculated. 

Abbreviations: DBT, design-by-treatment interaction model; DL, DerSimonian and Laird; REML, restricted maximum likelihood 

 

 

 



 

 

 

 



 

 

 

 



 

 



 

Appendix Figure 4: Plot of p-values (fourth-root scale) of the DBT model against ratios of network structural characteristics (logarithmic 

scale) 

Panel (a) explores the ratio of the number of studies to the number of interventions in a network (correlation coefficient [p-value] = -0.07 [0.31]); panel (b) 

explores the ratio of the number of loops to the number of interventions in a network (correlation coefficient [p-value] = -0.01 [0.86]); panel (c) explores the ratio 

of the number of loops to the number of studies in a network (correlation coefficient [p-value] = 0.07 [0.31]); panel (d) explores the ratio of the number of 

designs to the number of studies in a network (correlation coefficient [p-value] = 0.07 [0.28]); panel (e) explores the ratio of the number of direct intervention 

comparisons to the number of studies in a network (correlation coefficient [p-value] = 0.04 [0.60]); panel (f) explores the ratio of the number of multi-arm studies 

to the number of total studies in a network (correlation coefficient [p-value] = 0.09 [0.19]). All analyses have used the DL estimator for heterogeneity. 

The horizontal green and purple lines represent the cut-off p-value = 0.05 and p-value = 0.10, respectively. The blue diagonal line is the regression line. 

* Networks with no multi-arm studies in (f) plot were treated as networks including a single multi-arm study, to avoid excluding them from the plot, since the 

logarithm could not be calculated. 

Abbreviations: DBT, design-by-treatment interaction model; DL, DerSimonian and Laird 

 

 

 

 



 

 

 

 

 



Appendix Figure 5: Plot of the between-study standard deviation estimated in the consistency model against the ratio of the number of 

studies to the number of interventions in a network (logarithmic scale) 

The blue diagonal line is the regression line. Panel (a) represent the estimation of the between-study standard deviation with REML (correlation coefficient [p-

value] = -0.06 [0.43]), whereas panel (b) with DL (correlation coefficient [p-value] = -0.05 [0.49]). 

Abbreviations: DL, DerSimonian and Laird; REML, restricted maximum likelihood 

 

 



Appendix Figure 6: Box plot of the p-values (fourth-root scale) of the DBT model per (a) 

type of outcome, (b) type of intervention comparison, c) presence of complex interventions, 

and d) presence of at least one direct intervention comparison with a single study 

The horizontal green and purple lines represent the cut-off p-value = 0.05 and p-value = 0.10, respectively. 

All analyses have used the DL estimator for heterogeneity. 

Statistical assessment of difference in DBT p-values between groups: (a) p-value = 0.92, (b) p-value = 0.73, 

(c) p-value = 0.19, (d) p-value = 0.64 

Abbreviations: DBT, design-by-treatment interaction model; DL, DerSimonian and Laird 

 



Appendix Figure 7: Plot of the p-values (fourth-root scale) of the DBT model against the I-squared 

The horizontal green and purple lines represent the cut-off p-value = 0.05 and p-value = 0.10, respectively. The blue diagonal line is the regression line ((a) 

REML: correlation coefficient [p-value] = -0.38 [P<0.001]; (b) DL: correlation coefficient [p-value] = -0.38 [P<0.001]). 

 

Abbreviations: DBT, design-by-treatment interaction model; DL, DerSimonian and Laird; REML, restricted maximum likelihood 

 

 

 



 

Appendix Figure 8: Plot of the between-study standard deviation in consistency against the 

inconsistency model 

The black diagonal line represents equality in between-study standard deviation between consistency and 

inconsistency models.  

Red points represent the networks consistent at the significance level of 10%, blue points represent the 

inconsistent networks at α=5%, and green points represent networks inconsistent between the significance 

levels 5% and 10%. 

All analyses have used the DL estimator for heterogeneity. 

Abbreviations: DBT, design-by-treatment interaction model; DL, DerSimonian and Laird 

 

 



 


