Example name BCG

Effect size Risk ratio

Analysis type Subgroups analysis, Regression
Level Advanced

Synopsis

This analysis includes studies where patients were randomized to receive either a vaccine or a placebo
Outcome was the proportion of patients each group who developed TB. The analysis focused on the risk
ratio.

There was substantial dispersion in the risk ratio. The researchers looked to see if this was related to
the study’s latitude (a surrogate for the vaccine’s potency and for the natural immunity in the
population) and several other variables.

We use this example to show

e How to interpret a basic analysis using Risk Ratio

How to understand the heterogeneity statistics

How to perform a subgroups analysis

How a regression analysis corresponds to a subgroups analysis
How to perform a regression analysis using a categorical predictor
e How to perform a regression analysis using a continuous predictor

To open a CMA file > Download and Save file | Start CMA | Open file from within CMA

Download CMA file for computers that use a period to indicate decimals
Download CMA file for computers that use a comma to indicate decimals

Download this PDF
Download data in Excel
Download trial of CMA
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QUICK START

1) On the data-entry screen
a) Create a column for study name
b) Create a set of columns for the effect size
c) Identify one or more columns as “Moderators” and set the subtype to either “Integer”,
“Decimal”, or “Categorical
d) Enterthe data
2) On the main analysis screen
a) Optionally, select the effect size index
b) Optionally, select the studies to be included in the regression
c) Optionally, specify how to work with studies that included multiple subgroups, outcomes, time-
point, or comparisons.
d) Click Analyses > Meta-regression 2
3) On the regression screen — define the regression
a) Select the covariates to be included in the model
b) Optionally, define “Sets” of covariates
c) Optionally, define multiple models
d) Optionally, select statistical options
e) Run the analysis
4) On the regression screen — navigate the results
a) Click “Fixed” or “Random” to select the model
b) Click the model name (when several models have been created)
c) Use the toolbar to move between the main analysis screen, the scatterplot, diagnostics,
increments, model comparisons, and other screens
5) On the regression screen — save the analysis
6) On the regression screen — export the results
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STEP 1: ENTER THE DATA

Insert column for study names

Click Insert > Column for > Study names

E‘ Comprehensive meta analysis - [Data]
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'I Blank column Subgroups within st
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B Copy of selected column

J—I Outcome names
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Figure 1
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The program creates a column labeled “Study name
E‘ Comprehensive meta analysis - [Data]
File Edit Format View Insert Identify Toels Computational options Analyses Help
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Figure 2
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Insert columns for effect size data

Click Insert > Column for > Effect size data

Figure 3

E‘ Comprehensive meta analysis - [Data]
File Edit Format View |Insert Identify Tools Computational options Analyses Help
o sraris » % 0 i T  tucyrames S Er TR
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The program opens a wizard that allows you to specify the kind of summary data you will enter

e Select <Show all 100 formats>
e Click <Next>

E‘ Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Ceomputational options Analyses Help

Run analyses —+ (‘ﬁ D ﬁn|§| %|E|%§|’_’=‘>§|$?3 fﬁgH hd ’7_)4' (l:”él il|®|
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1 Insert columns for effect size data
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L'~-’|'\-‘|—‘|D|‘-‘:’|‘3°|"~J|U'J|‘-"‘|J='|L'~-7|’\-’|—‘|‘:‘|L‘:'|‘30|"\“|U"|U"|-‘*“|‘-\-’|'\-’|—‘

Welcome

If you have already computed the effect size [such as the
standardized mean difference or the Log odds ratio] for
each study, you may enter this information directly.

Or, you may provide summary data (such as the number of
events or the means and standard deviations], and the
pragram will compute the effect size autarmatically.

Use thiz wizard ta specify the type of data vou plan to
enter, and the program will create the required columns.

The program allowes you to enter effect size data in more

than one format. ‘You will create one set of effect size
columng now, and may add additional setz at any time.

" Show common farmats only
 Show all 100 formats

el Tel me mare |

Cancel

Finigh |

Figure 4
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e Select the top option button
o C(Click <Next>

E‘ Comprehensive meta analysis - [Data]

Eile Edit Format Yiew Insert Identify Tools Computational options Analyses Help

rnanases + % NS EH| &) 4 | m@|E—"="E| 858

<o+ v 8 3@

Study name B ‘ C ‘ u] ‘ E ‘ F G ‘ H

[o o e e o]

-
B3 Insert columns for effect size data

st

Types of studies included

On this panel, select the type of studies to be included in
thiz meta analyzis. Thiz contrals the tppes of data entry
options to be displayed on the next panel.

IF unsure, select the first option, which is appropriate for
most analpses. vou will be able to retum ta this panel and
change the selection

Comparison of bwa groups, time-points,
of exposures (includes corelations)

in one group at one time-point

&
s
" Gengiic point estimates
8

Generic point estimates, lag scale

TEl me more i

Cancel < Back Mext > Finizh

Figure 5
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On this screen, drill down to

e Dichotomous (number of events)
e Unmatched groups, prospective (e.g., controlled trials, cohort studies)
e Events and sample size in each group [H]

Then, click <Finish>

Note that we will be entering events and sample size (N) for each group. Some of the texts that use the
BCG example report events and non-events rather than events and N.

|E| Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational epticns Analyses Help

Runanayses + % [ & G| & & (B @ E"—"="S0 W~V >+ 45D

Study name B C D E F G H | J K L &l M
1 B
2 3 Insert columns for effect size data @
3
; Click on the icons to select the data entry format
6
7 -
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g m Dichatomous [humber of events)
10 u Unmatched groups, prospective [e.0., controlled trials, cohort studies)
n E Ewents and sample size ih each graup |
12 £] Man-events and zample size in each group L
13 % Events and non-events in each group T
14 m i each group
15 % Chi-squared and tatal sample size
T Q M atched groups, prospective [e.q.. crossover tials or pre-post designg)
Q Unmatched groups, refrospective [e.g., case control studies) R
17 Q Computed effect sizes
18 @ Continuous [means]
13 @ Conelation
20 Q Rates [events by person years)
il Q Survival time ta event]
22
23
24 i
25
2 “fou have selected Events and sample size in each group
27 Click Finish' to create the columng
28
23
;D Tell me more Cancel < Back Finish
32 L
33
34
Figure 6
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The program creates columns as shown here. It also opens a wizard that allows you to label the

columns.

e Enter Vaccine/Control as names for the two groups
e Enter TB/Ok as names for the two outcomes

Then, click Ok

@ Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational options Analyses Help
Runanayses + = D2 @HH & & BB E-"'="Z 293~ L2+ [ &% @D
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5
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13 . . . -
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15 Mame for events (e.q., Dead) B
16
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18
13
20 Cancel | Apply | Ok |
21
22
23
24
Figure 7
The program applies the labels as shown here [K].
@ Comprehensive meta analysis - [Data]
File Edit Format View Insert Identify Tools Computational options Analyses Help
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Figure 8
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Insert columns for moderators (covariates)

Next, we need to create columns for the moderator variables.

e Click Insert > Column for > Moderator variable

z‘ Comprehensive meta analysis - [Data]
File Edit Format View | Insert Identify Tools Computational options Analyses Help
— v 'I Elnle o) Subgroups within study
! Copy of selected column Comparison names
|1 Outcome names
2 *— Blank row . .
T N Time point names
= Blank rows
4 Copy of selected row(s) 8 Effect size data
_: —_ Mederator variable
= Study
L 7|
|8
9
10
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Figure 9
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The program opens a wizard

e Set the variable name to “Latitude”
e Set the column function to Moderator
e Set the data type to Integer

Then, click OK

E‘ Comprehensive meta analysis - [Data]
File Edit Format View Insert Identify Tools Computational options Analyses Help
Runanabses + = 0 5 FHH| S| % | BB E —'=["Z B9 - [ >+ v FrErHs
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Figure 10
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Click Insert > Column for > Moderator variable

Set the variable name to “Year”
Set the column function to Moderator
Set the data type to Integer

(This is the year the study was performed, not the year of publication)

Then, click OK

E‘ Comprehensive meta analysis - [Data]
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Figure 11
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Click Insert > Column for > Moderator variable

Set the variable name to “Allocation”
Set the column function to Moderator
Set the data type to Categorical

This moderator tracks the mechanism utilized to assign people to be vaccinated (or not). The
possibilities are random, alternate, and systematic.

Then, click [Ok]

@ Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational options Analyses Help

Runanayses + % O & HEH & & B @R 7S "=
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Click Insert > Column for > Moderator variable

Set the variable name to “Climate”
Set the column function to Moderator
Set the data type to Categorical

This moderator tracks the climate. The possibilities are Cold and Hot.

Then, click [OK]

E‘ Comprehensive meta analysis - [Ch\Users\Michael\Dropbox\CMA V3I\BCG 2013.cma]

File Edit Format View Insert Identify Tools Computational options Analyses Help

Rnanayses + 2 [ @ FH| & & | =@ &-'="=

S0 4.0 +F

00 1

AR

)

Study name

Risk. ratio

ratio

Log risk ‘ Std Enr ‘ Yariance | Latitude

“ear ‘ Al\ocatiln

Climate:

P R O O I U ) N P R U U DUl SR R PP DU JUY
w o |~ d | d & | =0 w o~ oo e w o= O oo oo e o=

BEi
Figure 13
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Customize the screen

The program initially displays the odds ratio. Since we want to work with the log risk ratio we need to
customize the display. (We will use the log risk ratio rather than the risk ratio since the computations are

easier to understand in log units).

e Right-click in any yellow column
e C(Click <Customize computed effect size display> [A]

@ Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational options Analyses Help
Runanayses + % O & G| &) & (BB E"—"="S| B9 -+ >+ 8I®
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1
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i Z| sotZ A
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B
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15
1E!
17
Figure 14
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The program displays this wizard

e Tick the box for Risk ratio

e Tick the box for Log risk ratio

z‘ Comprehensive meta analysis - [Data]
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Figure 15
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To keep things simple we can set Log risk ratio as the default effect size, and also hide the odds ratio

e Inthe drop-down box, select Log risk ratio as the primary index

e Un-check the box for odds ratio
e Un-check the box for log odds ratio

Then click [Ok]

E Comprehensive meta analysis - [C:\Users\Michael\Dropbo:\CMA V3\BCG 2013.cma]
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The screen now looks like this

E‘ Comprehensive meta analysis - [C:\Users\Michael\Dropbox\CMA V3\BCG 2013.cma]

File Edit Format View Insert Identify Tools Computational options Analyses Help
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Figure 17
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Enter the data
You can enter the data manually, or copy and paste from Excel ™ or another source (see appendix)

Note that you enter data into the white columns. The program automatically computes the values in
the yellow columns.

@ Comprehensive meta analysis - [C:\Users\Michael\Dropbox\CMA V3\BCG 2013.cma]

File Edit Format View Insert Identify Tools Computational options Analyses Help
Run analyzes —* %{ D Dm ﬂ é .X: E SE b b= >§ 40.8 to'g H - Jf - + ‘/ D %$ i¢ @

Study name Va$cBme \;:facl‘r;f EoTnéroI TEDD{:I[?J Risk ratio Lorghnosk StdEm Wariance Latitude Year Allocation Climnate N
1| Frimodt-Maller et al, 1973 a3 BOES 47 5RO 0804 0218 0.226 0051 12 1980 Alternate Hot
2| TB Prevention trial, 1380 505 88331 433 88391 102 omz 0.063 0004 13 1968 Random Hat
3| Comstock et al, 1974 188 50634 141 27338 0712 -0.339 0111 omz 18 1349 Systematic  Hot
4| Yandiviere et al, 1973 g 2545 10 623 0133 1621 0472 02z 19 13965 Random Hot
5| Coetzes & Berjak, 1368 29 7433 45 T 0E25 -0.464 0233 0056 27 1965 Random Hat
E| Comstock and Webster, 1969 ] 2438 3 231 1.662 0.446 0730 0633 a3 1947 Spstematic  Hot
7| Comstock et al, 1976 27 16913 29 17854 0,983 -0.m7 0.267 007 33 15950 Systematic  Hot
4 Rosenthal et al. 1360 3 23 1 220 0260 -1.348 0644 0415 42 1937 Random Cold
9| Rosenthal et al, 1961 17 1716 ER 1666 0254 -1.371 0.270 now: 42 1941 Systematic  Cold

10| Arongon, 1948 4 123 1l 133 0411 -0.889 0571 0326 a4 1935 Random Cold
11| Stein & dronzon, 1953 180 1541 arz 1451 (0.456 -0.786 0083 0007 44 1935 dlternate  Cold
12| Hart & Sutherland, 1377 62 135338 248 12867 0237 -1.442 014 nnzo 52 1950 Random Cold
13| Ferguson & Simes, 1943 G 306 24 anz 0205 -1.585 044 01495 55 1933 Randam Cold
14
15
18
Figure 18
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STEP 2: RUN THE BASIC META-ANALYSIS

To run the analysis, click <Run Analysis>

@ Comprehensive meta analysis - [C:\Users\Michael\Dropbox\CMA V3\BCG 2013.cma]

Eile Edt tormay View Insert Identify Tocls Computational optiens | Analyses Help
mnaors 2 2 DS E W S| 4 @ @)= [

>+ L8 EH®

Study name Vachme \-';:facl‘r;f CoTnéroI -Eg{;tlrﬂ Risk ratio L%ﬂrfk StdEm Wariance Latitude Year Allocation Climnate
1| Frimodt-Maller et al, 1973 a3 a0E3 47 5B08 0.804 0218 0.226 0.0s1 13 1980 Alternate Hot
2| TB Prevention trial, 1380 505 883N 433 88391 102 omz 0.063 0004 13 15368 Random Hat
3| Comstock et al. 1974 186 G0634 141 27338 07z -0.333 01 nmz 18 1343 Spstematic  Hot
4 Wandiviete et al, 1973 a 2545 10 £28 0193 161 0.472 na2z 18 1965 Random Hat
5| Coetzes & Berjak, 1968 29 7433 15 T 0E25 -0.464 0.z 0058 &7 1965 Random Hat
B| Comstock and webster, 1969 5 2438 3 231 1562 0.446 0730 0533 33 1947 Spstematic Hot
7| Comstock et al, 1976 a7 16913 24 17854 0933 0m7 0.267 0o 33 1950 Systematic  Hot
9 Rosenthal et al, 1960 2 21 1 220 0260 -1.348 0E44 0415 42 1937 Random Cold
9| Rogerthal et al, 1961 17 1716 E5 1665 0254 -1.371 0.270 0oz a2 1941 Systematic  Cold

10| Aronson, 1948 4 123 1 139 0411 -0.889 0571 0326 44 1335 Randam Cold
11| Stein & Aronson, 1953 180 1541 are 1451 0,456 -0.786 0.0s3 0.on? 44 1935 Alternate Cold
12| Hart & Sutherland, 1977 g2 13638 248 12867 0237 -1.442 014 nnz2o 52 1550 Random Cold
13| Ferguson & Simes, 1949 & 306 29 a0z 0.205 -1.585 0.441 0135 55 1933 Random Cold
14
15
16
17
18

Figure 19
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The main analysis screen
The program displays the main analysis screen.

The program shows the current effect size, which is “Log risk ratio”. If you want to switch to another
effect size, click on “Log risk ratio”.

The next few pages outline the main analysis in CMA. However, this is optional. You can use the menu
Analysis > Meta-regression 2 to proceed immediately to the regression module.
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The initial meta-analysis

At the top, we have selected [Log risk ratio] as the effect size.

At the bottom the <Fixed> tab is selected, so the program is displaying the results for a fixed-effect

analysis.
E Comprehensive meta analysis - [Analysis]
File Edit Format View Computational options Analyses Help
+ Data entry +3 Next table “H- High resolution plot | [l Select by [ - Effect measure: Log risk ratio ]E CIEETT®HE X1 @
|
Model Study name Statistics for each study Log risk ratio and 95% Cl
Logiisk | Standard | yoiance | Lonerliit | Upperimit| ZVabe | pWeke | 400 200 000 200 4.0
Frimodt-Moller et al, 1973 0.2175 0.2263 00512 -0.6611 0.2260 09613 0.3364 —
TE Prevention bial, 1980 nmzo 0.0629 0.0040 RIARE] 01353 01993 0.8434 +
Comstock et al, 1974 03354 01114 00124 -0.5577 01210 30460 0.0023 —+
Wandiviere et al, 19723 -1.6209 0.4722 0.2230 -2.5465 -0.6953 -3.4323 0.0006 —
Coeteee & Berjak, 1968 -0.4694 0.2378 0.0564 -0.9350 -0.0038 -1.9760 0.0482 —
Comstock and Webster, 1969 04459 0.7297 056325 -0.9843 1.6762 0e111 05412 —_—t
Comstack et al, 1976 00173 0.2672 0.0714 -0.5410 0.5064 -0.0648 0.9483 —
Rosenthal et al, 1960 -1.3481 0.6445 0.4154 -2ZE13 -0.0843 20917 0.0365
Rosenthal et al, 1961 13713 0.2702 0.0730 -1.5010 0.8417 H0747 0.0000 —
Aronson, 1948 -0.8893 0.5706 0.3256 -2.0077 0.2290 -1.5586 [RREI]
Stein & Aronson, 1953 -0.7881 0.0831 0.00E39 -0.9490 -0.6232 -5.4593 0.0000 +
Hart & Sutherland, 1977 14416 01415 0.0200 -1.7188 11643 101508 0.0000 —
Ferguson & Simes, 1949 -1.5854 0.4411 01946 -2.4500 -0.7208 35941 0.0003 —
Fired 04303 0.0405 0.0016 -0.5057 -0.3509 106247 0.0000 +
Fixed andomn | Both models
asic stats | One study removed Curnulative analysis Calculations:
Figure 20
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Click the tab for <Random>. The program displays results for a random-effects analysis.

E Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help

+ Data entry +3 Next table I High resolution piot | [g Selectby .. -+ Effectmeasure: Log risk ratio -EIDEETTHRE @
Model Study name: Statistics for each study Log risk ratio and 95% CI
Logtisk | Stendad | yofance  Lowerfimit | Upperfimt | Z¥alie | pWakie 400 200 .00 200 400
Frimodt-Moller et al, 1973 02175 0.2263 0.0512 08611 0.2260 -0.9613 0.3364 —
TE Prevention tial, 1980 o.mao 0.0623 0.0040 01114 01353 01839 0.6434 ¥
Comstock et al, 1974 -0.3394 01114 0.0mz4 05577 01210 -3.0460 0.0023 —+
Wandiviere et al, 1973 -1.6209 0.4722 0.2230 -2. 5465 065953 -3.4323 0.0008 —_—r
Coetzee & Berjak, 1968 -0.4694 0.2376 0.0564 -0.9350 -0.0038 -1.9760 0.0482 —
Comstock and ‘ebster, 1963 0.4453 0.7297 0.5325 -0.9843 1.8762 0E1m 05412 —_—
Comstock et al, 1976 00173 0.2672 0.0714 05410 05064 -0.0648 0.9483 —_
Rosenthal et al, 1960 -1.3481 0.6445 0.4154 26113 -0.0843 -2.0917 0.0365
Rosenthal et al, 1967 13713 0.2z 0.0730 -1.9010 08417 6.0747 0.0000 —
Arongon, 1348 -0.8853 05706 0.3256 -2.0077 0.2290 -1.5586 [IRREN
Stein & Aronson, 1953 -0.7861 0.0a1 0.0069 -0.9490 06232 -9.4593 0.0000 -+
Hart & Sutherland, 1977 -1.4416 01415 0.0200 -1.7188 -1.1643 101908 0.0000 —
rguzson & Simes, 1943 -1.5854 0.4411 01946 -2.4500 0.7208 355941 0.0003 —_—
Random 07141 0.17a7 0.0319 -1.0644 -0.3638 -3.9952 0.0001 ——
I
th models
Basic stals One study remaved Curmulative analysis Calculations
Figure 21
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Display moderator variables

Next, we want to display the moderator variables on the plot.
Note that this is optional, and has no effect on the regression.

Click View > Columns > Moderators

E Comprehensive meta analysis - [Analysis]

Eile Edit Format | View Computational options Analyses Help
+ Data entry (W] Meta-analysis grid ionpiot | [gh Selectby | =+ Effect measure: Log risk ratio EICEETTIHE F| &t @
E Meta-analysis statistics
odel } ESesE e Elot ‘ Statistics for each study Log risk ratio and 95% C|
Y] Moderators lmit | Upper limit | ZVale | pValue -4.00 200 0o 200 4.00

Fimodt!  Rows * 22 Show/hide basic stals  [6811 02260 08613 03364 —
TB Prev ) . . 1114 01353 0.1833 0.3434 F
Comstar & Show details and cautions E; Showy/hide forest plot 5577 01210 30480 00023 .
Yandiviere et al, 1973 -1.6203 [ ] Showshide counts 5465 06953 34323 0.0005 —_—r
Coslzee & Berjak, 1958 04634 £ Showyhide weights 9350 00038 9760 O.0482 ——
Comstock and Webster, 1963 0.4453 F sh hid dual 9843 1.8762 0e1m 05412 —_—T
Comstock et al, 1976 00173 owhide residuals  |snn  nsoee 00e4e s —_
Rosenthal et al, 1960 -1.3481 0.6445 0.4154 26113 -0.0843 -2.0917 0.0365
Rosenthal et al, 1961 -1.3713 0.2702 0.0730 1.9010 -0.8417 6.0747 0.0000 —
Aronson, 1948 -0.88593 0.5708 0.3256 2.0077 0.2230 -1.5686 01191
Stein & Aronson, 1953 -0.7861 0.0831 0.0069 0.9430 06232 -9.4533 0.0000 -+
Hart & Sutherland, 1977 -1.4416 01415 0.0200 1.7188 11643 10,1308 0.0000 —
Ferguson & Simes, 1943 -1.5854 0.4411 01348 2.4500 07208 -3.5941 0.0003 —_1

Random 07141 0.1787 0.0319 1.0644 -0.3638 -3.9552 0.0001 ——

Figure 22
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The program displays a list of all variables that had been defined as moderators on the data-entry
screen.

Drag and drop each of these onto the main screen, to the right of the “p-value” column [G].

@ Comprehensive meta analysis - [Analysis]

Eile Edit Fgrmat View Computational options Analyses Help

+ Data entry +3 Next table I High resolution piot | [ghy Selectby .. | + Effect measure: Log risk ratio -ECIEETTHE F| 2 @

alistics for each study Log rigk ratio and 95% CI

L
&J‘ Lower limit | Upper imit | £-Value

Model Study name

f B Moderat?(/
[ —

-4.00 200 0.00 200 4.00
Frimodt-oller el.al,'\ Latitude - -0.EET1 0.2260 09613 —+
TE Prevention tial, 1 vear 01114 01353 01233 08434 r
Comstack et al, 1974 Alloation -0.5577 01210 -3.0460 0.0023 —+
Wandiviers et al, 1973 | -2.54E5 -0.6953 34323 0.0006 —_—
Coetzee & Berjak, 198 -0.9350 -0.0038 -1.9760 01.0482 ——
Comstock and Webst -0.9843 1.6762 0E11 0.5412 —
Comstock et al, 1976 -0.5410 (15064 -0.0643 01.9483 —
Rasenthal et al, 1960 26113 -0.0849 20917 0.0365
Fosenthal et al, 1961 = -1.9010 08417 H.0747 0.0000 —
Aranson, 1948 -2.0077 02230 -1.5586 [IRRE]
Stein & Aronson, 195 -0.9490 -0.6232 -9.4599 0.0000 +
Hart & Sutherand, 19 -1.7188 L1643 101308 0.0000 —
Ferguson & Simes, 19 -2.4800 07208 35341 0.0003 —
Randam -1.0644 -0.3638 39952 0.000 —

Drag and drop moderators
from this panel ta the grid

Figure 23
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The screen should now look like this.
Since the data had been sorted by latitude on the data-entry screen, the program initially displays the
studies in that sequence. It appears that the effect size is minor (near 1.0) toward the top (for studies

near the equator)and larger (as extreme as 0.20) toward the bottom (for studies in colder climates).

You can right-click on any column and sort by that column.

[ comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help

+ Data entry +3 Hext table - High resolution piot | [gh Select by ~+ Effect measure: Log risk ratio MEl SSTTE FEl 3 )
Model Study name Statistics for each study Latiude | Year | Alocation | Clmate \ Log sk ratia and 35% C1
Legtisk | SO | yoionce | Lowerlimt | Upperlmit | ZVale | pVake 40 200 oo 200 1m0

FrimodtMaler et 1, 1973 02175 0263 00S12  OEETT 02260 0913 03364 13 1980 Ahemate  Hol —
TB Prevenion ial, 1980 00120 00623 00040 01114 013 01839 08434 13 1968 Random  Hot 3
Comstock et al, 1974 0334 014 oM 05T 0120 3ME0 0oz 18 1949 Systematic  Hot -
Vandiviete et ol 1973 4§09 0472 02230 2545 0633 34323 0.0009 13 1965 Random  Hot ——
Coetase & Bejsk, 1368 04634 02376 0564 09O 0003 A0 DO4Ad 27 1365 Randam  Hot —
Comstack snd Webster, 1963 0445 D727 0535 oS3 1672 DEITT 05413 3 1947 Systematic  Hot —
Comstock et al, 1976 Q0173 02672 Q0714 Q540 05084 Q0R48 034E EE 1950 Systematic  Hot —
Rioserthsl ot s, 1860 AMB 0BM5 454 2613 N0B43 20817 0036 42 1837 Fandom  Cold
Resenthal et al, 191 43713 U2 0PI A9W0 0847 E0M7 000D 2 1941 Systemalic  Cold ——
Aronsan, 1948 08} 0506 03/ 20007 02290 A5 0119 4 133 Random  Cold
Stein & Aronson, 1963 07861 00RI1  0O0BY 08480 NEZ32 4539 monn " 1935 flemste  Cold -+
Hart & Suthetland, 1977 4416 Q115 0000 47188 11643 101308 0.000 5 1950 Random  Cold -
Ferguson t Simes, 1343 45854 04#11 0134 24500 07208 A5M1 0o 55 1833 Random  Cold ——

Random a7141 01787 0033 0644 D3I assse  noont —

Figure 24
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Display statistics
Click <Next table> to display the statistics shown here.

Using random-effects weights [J], the summary log risk ratio is -0.7141. The Z-value is -3.995 with a
corresponding p-value of 0.0001. Thus, we can reject the null hypothesis that log risk ratio is 0.0 (or that
the risk ratio is 1.0). If we assume that the studies are valid and that random assignment was carried
out properly, we can conclude that, on the average, the vaccine does prevent TB.

At the same time, there is also a substantial amount of dispersion in the effect size. Tau-squared [K] is
0.3088 and Tau is 0.5557. To get a general sense of the true dispersion we can assume that the true
effects are balanced about the random-effects estimate of the mean effect, and that some 95% of all
true effects fall within 1.96 T of this mean. Then (in log units) most true effects fall in the range of
-1.8032 to +0.3750. This corresponds to risk ratios of approximately 0.16 (a strongly protective effect)
to 1.46 (a harmful effect).

It would be very important to understand the reason for this dispersion, and for this purpose we turn to
meta-regression

[ Comprehensive meta analysis - [Analysis] =
Eile Edit Format View Computational options Analyses Help
+ Dataentry +3 Next table - High resolution plot | [y Selectby .. | =+ Effect measure: Log risk ratio SEOEETTRE E| 2 @
Hodel Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point  Standard Lower  Upper Tau  Standard
Model Studies  estimate  emor  Variance  limit imit Zvalue  P-value Q-value  df(Q) P-value I-squared Squared  Emor  Variance  Tau
Fixed 13 04303 00405 0OME 05097 -0.3509 06247 00000 1522330 120000 00000 921173 03088 02299 0058 05557
Riandom 13 0F4T 01787 0033 10644 0363 3892 0.00m
Figure 25

© www.Meta-Analysis.com BCG — 25—



http://www.meta-analysis.com/

STEP 3: RUN THE META-REGRESSION

At this point we proceed to the meta-regression.

On the analysis screen, select Analysis > Meta-regression 2

[7f] Comprehensive meta analysis - [Analysis]

File Edit Fermat View Computational eptiens | Analyses Help

+ Data entry 13 Next table - High res A% Publication bias ~ Effect measure: Log risk ratio ~E] TTEE F| ¢ @
Meta regression
Model Study name s for each study Latitude Year | Allocation | Climate Log risk ratio and 95% CI
Log risk. 2 .
atic + Dataentry Lower limit | Upper limit | Z¥alue p¥alue -4.00 -2.00 0.0 2.00 4.00
Frimodt-Moller et al, 1973 -0.2175 02263 00512 D.EET1 0.2ze0 09613 03264 12 1950 Altenate  Hot —
TB Prevention trial, 1980 00120 00623 00040 01114 01353 01893 0843 13 1988 Random  Hot 3
Comstock et al, 1974 -0.3334 01114 0024 D.E57T 01210 -3.0460 00022 18 1949 Spstematic Hot —-+
Yandiviere et al, 1973 <6209 04722 02230 25465 06953 34323 00006 13 1985 Random  Hot e
Coeteee & Berjak, 1963 -0.4694 02376 0.0564 -0.9350 -0.003e -1.9760 0.0482 27 1965 Random Hot ——
Comstock and \webster, 1963 0.4453 07297 05325 -0.9843 1.8762 0Em 0512 3 1947 Spstematic  Hot s
Comstock et al, 1976 00173 02672 00714 05410 05064 -0.0648 05483 33 1950 Systematic  Hot o
Rosenthal et al, 1960 -1.3481 06445 0.4154 26113 -0.0843 -2.0917 0.0365 42 1937 Random Cold
Fiosenthal et al, 1961 13713 nz7n2 0.0730 -1.9010 08417 -5.0747 0.0000 42 1941 Systematic  Cold ——
Aronson, 19428 -0.8e92 05708 0.3256 20077 0.2z30 -1.5586 01s 44 1935 Random Cold
Stein & Aranson, 1953 -0.7861 ooex 0.0063 -0.9450 -06232 -9.4533 0.0000 44 1935 Altenste  Cold -+
Hart & Suthedand, 1977 14418 01415 0.0200 -1.7188 116842 101902 0.0000 52 1950 Random Cold —
Ferguson & Simes, 1343 5854 04411 01336 24500 07208 35341 0.0003 55 1933 Random  Cold e
Random 0714 01787 0013 -1.0644 -0.3638 -3.8952 0.0001 —
Figure 26
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The Interactive Wizard
The program displays the screen shown in Figure 27.

The interactive wizard will walk you through all the steps in running the regression. To display or hide
the wizard use the Help menu.

E Comprehensive meta analysis - [Form1]

File Covariates Models Computational options Decimals  Analyses | Help =+ Run regression
Models: [ Clear models | || insert model |*] Delete model g Renam (i) h)
Covariates: = Show covariates € Remove covariates | T Moveup & Technical support variates |+ «

About Comprehesive Meta Analysis

Covariates Model 1

Intercept

5. Interactive guide for main screen ‘i‘

Welcome

‘| m
Fired | Random

Figure 27
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Add covariates to the model
When you initially open the regression module the program displays the following

e The main screen
e Alist of available covariates

E Comprehensive meta analysis - [Form1]

File Covariates Models Computational options Decimals Analyses Help =+ Run regression
Models: Dclaar models. |'| Insert model I‘I Delete model 'f'.E Rename model E:_Generatasaquanca | = @

Covariates: | = Show covariates & Remove covariates | T Moveup & Movedown | < Link covariates €I Uniink covariates | "

-
[ Covariates not in models @

Covariates Model 1

Intercept Year
Allocation
Climate
Name Latitude
Type Integer
Number valid 13
MNumber missing 0

Add to model

‘| m

Fired | Random

Figure 28
Move the covariates from the wizard onto the main screen.

Add variables in the sequence shown here (allocation, year, latitude) to recreate the example that we
use in this text.

e Click “Allocation” on the wizard and then click [Add to model]
e Click “Year” on the wizard and then click [Add to model]
e Click “Latitude” on the wizard and then click [Add to model]
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The model is shown in Figure 29
Note that “Allocation” is displayed as two lines, which are linked by a bracket. Since allocation is a
categorical variable the program automatically creates and dummy variables to represent allocation. See

next chapter for a full discussion.

Tick the check-boxes for all covariates

@ Comprehensive meta analysis - [Form1]

File Covariates Models Computational options Decimals Analyses Help =+ Run regression
Models: |:| Clear models |v| Insert model  [“] Delete model E',E, Rename model E:_ Generate sequence ~| + —* @
Covariates: = Show covariates ERemuvecuvsriates T Moveup 4 Movedown | < Link covariates €I Unlink covariates | +
Set Covariates Model 1
Intercept
. Allocation: Alternate
Allocation . .
Allocation: Systematic
Year
Latitude

Figure 29
The covariates are controlled by the “Covariates” toolbar

e [Show covariates] shows or hides the wizard

e [Remove covariates] allows you to remove a covariate from the main screen

e [Move up] and [Move down] allow you to edit the sequence of covariates

e The blue and red checks allow you to add (or remove) checks from a series of check-boxes
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Create a “Set” of covariates (optional)
In regression there are times when we use several covariates to capture a concept. For example

e If we have a categorical covariate with m values, we use (m — 1) covariates to represent this
variable in the analysis.

e If we want to assess the relationship between duration of treatment and effect we might
include powers of duration such as duration, duration?, and duration?® as predictors.

e We may have a series of covariates, such as income and education that, together, are taken to
represent the impact of socio-economic status.

e We may have a series of covariates such as dose and duration that, taken together, are intended
to represent the intensity of a treatment

e We may have two covariates and also the interaction between, where the three together
represent their influence on outcome.

For this example we’ll assume that we have an additional covariate, called Latititude2, which is Latitude
squared. We want to create a set that incorporates Latitude and Latitude2, and call that set “Latitude
Set”.

Move Latitude into the model
Move Latitude2 into the model

E‘ Comprehensive meta analysis - [Form1]
File Covariates Moedels  Computational options  Decimals  Anzlyses Help =+ Run regression
Models: I:| Clear models |'| Insert model || Delete model E‘vEl Rename model E:. Generate sequence " + —’| ®|
Covariates: = Show covariates 4: Remove covariates T Move up 4 Move down | < Link covariates €2 Unlink covariates | ( ‘/|
Covariates Model 1
Intercept
Latitude
Latitude2

To create a set covariates

e Ensure that the covariates intended for the set are sequential in the list
e Highlight these covariates [B]

E‘ Comprehensive meta analysis - [Form1]

File Covariates Models Computational options Decimals  Analyses  Help =+ Run regression

Models: I:| Clear models |'| Insert model |‘| Delete model E‘,B Rename model E:_Generate sequence " — = | ®|

Covariates: = Show covariates 1: Remove covariates | T Moveup 4 Move down | < Link covariates <|> Unlink covariates | s ‘/‘
Covariates Model 1
Intercept
Latitude v

Latitude2

Figure 30
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To create the set

e Click [Link Covariates]
e Enter the name Latitude Set and click Ok

E Comprehensive meta analysis - [Formi]

File Covariates Models Computational options Decimals Analyses Help

Models: [ Clear models | [] Insert model |“] Delete model g Rename model MM —»| ®|

T Moveup + Move dow| ||D Link covariates €I> {inlink covariates | e \/|

=+ Run regression

Covaristes: = Show covariates 4: Remove covariates
N—
Covariates Model 1 s
B3 Grouping u

Intercept Specify name for this grouping

Latitude

Latitude2

ILatitude Set
Ok
Cancel

Figure 31

El Comprehensive meta analysis - [Form1]

File Covariates Models Cemputational options Decimals Analyses Help

=+ Run regression

Models: El Clear models |v| Insert model |‘| Delete mode! E',E Rename model == Generate sequence " +— —’| @‘

Covariates: = Show covariates l: Remove covariates | T Move up + Movedown | < Link covariates <> Unlink covariates. ‘ ,/ ,/|

Set Covariates Model 1
Intercept
Latitude Set Latitude
ude Se
Latitude2

Figure 32

The program has now created a set called “Latitude Set” which includes the two covariates. When you
run the regression the program will display statistics for this set.
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To remove a set

e Highlight the set’s name
e Click Unlink Covariates

© www.Meta-Analysis.com BCG

z‘ Comprehensive meta analysis - [Form1]
File Covariates Models Computational options Decimals Analyses Help =+ Run regression
Models: D Clear models |v| Insert mode! |‘| Delete model E‘*EI Rename model E:.Generate Sequence '| + "| @‘
Covariates: = Show covariates 4: Remove covariates | T Move up 4 Movedown | < Link covariates <|> Unlink covariates. | ,/ ,/|
Set Covariates Model 1
Intercept
T Latitude
- e Sef )
Latitude2

— 32—
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Set statistical options
The program allows you to specify various options for the computations

Click Computational options to display this menu

E Comprehensive meta analysis - [Form1]

FEile Covaristes Models | Computational options Decimals Analyses Help =+ Run regression
Models: Dc\earmudels ¥ Method of moments name model E:_Generatesequance v = @

= Maxi likelihood
Covariates: = Show covari mum fikelihoo + Move down | < Link covariates €J> Unlink covariates. J /

Restricted maximum likelihood

L Include intercept on new models

set e One-sided p-value 1

v Two-sided p-value
Int [ ] CILevel95% ]

Al Variance inflation factor

Al —
Elll Z-Distribution
Ye k
Knapp-Hartung
La.

Allocation |:

Figure 33

Edit any of the settings, including

e Set the method for estimating T2

e Use a one-tailed or two-tailed test for p-values
e Set the confidence level

e Display the variance inflation factor

e Use the Z distribution or the Knapp-Hartung adjustment for p-values and confidence intervals
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Run the regression

To run the regression, simply click “Run regression” on the toolbar [A]

|E| Comprehensive meta analysis - [Ferm1]

© www.Meta-Analysis.com BCG

File Covariates Models Cemputational options Decimals Analyses Help =+ Run regression
Models: D Clear models |'| Inzert model |‘| Delete mode! F.',E Rename model E:_Generalesequence | = @
Covariates: = Show covariates (: Remove covariates | T Moveup 4 Movedown | < Link covariates <[> Unlink covariates ‘/ ,/
Set Covariates Model 1
Intercept
) Allocation: Alternate
Allocation . B
Allocation: Systematic
Year
Latitude

— 34—
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STEP 4: NAVIGATE THE RESULTS

Main results screen
After you run the regression

e Click [Main Results] [A]

e C(Click the desired prediction model [B]
e Click “Fixed” or “Random” at the bottom to select the statistical model.

@ Comprehensive meta analysis - [Form1]

Eile Computational options Decimals Analyses Help

+ Meodify models

= Main results [N Scatterplot

Statistics for Model 1

Q=13.1742, df =4, p =0.0105

Comparison of Model 1 with the null model

Total between-study variance (intercept only)

R-sg analog =61.33%

Number of studies in the analysis 13

FME

Model

Figure 34

© www.Meta-Analysis.com

set Covariate Coefficient standard
Error

Intercept -29.2359 45,7992

., Allocation: Alternate 0.4855 0.4809
Allocation ) ;

Allocation: Systematic 0.4574 0.3778

Year 0.0148 0.0232

Latitude -0.01%0 0.0159

Goodness of fit: Test that unexplained variance is zero
Tau-sg =0.1194, SE =0.1061, I-s¢ = 66.69%, Q = 24.0144, df =8, p =0.0023

95%
Lower

-119.0007

-0.4570
-0.2831
-0.0306
-0.0503

95%
Upper
60.5289

1.4279

1.1978

0.0603

0.0122

Tau-sg =0.3088, SE=0.2299, I-5¢ =92.12%, Q =152.2330, df = 12, p = 0.0000
Proportion of total between-study variance explained by Model 1

BCG

Z-value

-0.6383
1.00%6
1.2106
0.63%4

-1.1924

Test of the model: Simultaneous test that all coefficients (excluding intercept) are zero

Main results for Model 1, Random effects (MM), Z-Distribution

2-sided

P-value
0.5232
0.3127
0.2260
0.5225
0.2331

:| Q=1.5432, df=2, p=0.4609
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E‘ Comprehensive meta analysis - [Form1]

Eile Computational options Decimals Analyses Help

+ Modify models ‘ = Main results [l Scatterplot Me
Main results for Model 1, Fixed effect, Z-Distribution H
Set Covariate Coefficient Standard 95% 95% Z-value 2-sided
Error Lower Upper P-value
Intercept -45.9381 31.3109 -107.3063 15.4301 -1.4672 0.1423
) Allocation: Alternate 0.6320 0.3023 0.0385 1.2245 2.0805 0.0366
Allocation B . Q=6.3651, df=2, p=0.0415
Allocation: Systematic 0.3062 0.2551 -0.2016  0.8140 1.1819 0.2372
Year 0.0235 0.0159 -0.0076 0.0545 1.4735 0.1350
Latitude -0.0212 0.0084 -0.0378 -0.0048 -2.5260 0.0115

Analysis of variance

a df p

Model 128.2186 4.0000 0.0000
Residual 24.0144 8.0000 0.0023
Total 152.2330 12.0000 0.0000

Number of studies in the analysis 13

ahdom

ccadl
Figure 35
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Plot

To display the plot

e Click [Scatterplot] on the menu bar to navigate to the plot [A]

e Select “Fixed” or “Random” on the tab [B]

e Select the model (if more than one model had been defined) [C]

e To specify the variable for the X-axis, right-click on the X-axis label [D]

[] Comprehensive meta analysis - [Form1] = &5
File Computational options Decimals Analyses Color Font Format Labels Help + Modify models = Main results [l Scatterplot More results
Graph by = Latitude - @mnhfysmny Regression line Confidence interval Prediction interval Whole page v@
Regression of Log risk ratio on Latitude
1.5
1.0 o
0.5 4
o 0.0 —
=
s
0.5
K4
]
= 1.0 4
e
| 1.5
20 -
25 4
-3.0
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Latitud=
Fixed | Random Allocation
Model 1 vear
v

v, — -

P— I =N B e R B e i [ )) =
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Other screens

To navigate to other tables of results, click “More” and then select any of the following

The following provide additional information about the analysis for the predictive model that is selected

at the bottom left of the screen

e R-squared graphic
e (Covariance
e Correlation
e Diagnostics

The following provide information about the data included in (or excluded from) the analysis

e All studies
e Valid studies

The following provide statistics for and/or compare different models

e |ncrements

e Models summary

e Compare models (detailed)
e Compare models (p-value)

[5] Comprehensive meta analysis - [Form1]

File Computational options Decimals Analyses Help

+ Modify models

= Main results

[l Scatterplot Mere resufts

Increments for Model 1, Random effects (MM), Z-Distribution

Change from

This page tabulates statistics from a series of separate models.

Fized | Random
Model 1

© www.Meta-Analysis.com

(c) Change from the prior row to the current row (i.e., due to this covariate)

The first row is a model with one covariate, the second row is a model with two covariates, and so on.
As such, this table addresses the impact of each covariate when PRIOR covariates are held constant.

(a) Simultaneous test that all coefficients up te and including the current row are zero
(b) Test that with all covariates up to and including the current row in the model, the residual error is zero

(d) The row-to-row increase in tau-sq (and corresponding decrease in R-sq) reflects sampling error

BCG

Current Model Test of Model (a) Goodness of fit (b) prior (¢)(d) Test of change (c)

T 1 1 1T 1

Set Covariate Tau-5q R-Sq Q df P-value Q df P-value Tau-5q R-5q Q df P-value

Intercept 0.3088 0.00%

. Allocation: Alternate 0.3892  0.00% 0.2434 1 0.6218 133.5375 11  0.0000 0.0805  0.00% 0.2434 1 0.6218
Allocation Allocation: Systematic 0.5596  0.00% 14349 2 04880 1323676 10  0.0000 0.1703  0.00% 12430 1 0.2649
Year 0.1349 56.31% 10.7159 3 0.0134 30.3951 9 0.0004 -0.4247 56.31% 8.4287 1 0.0037
Latitude 0.1194 61.33% 13.1742 4 0.0105 24.0144 3 0.0023 -0.0155  5.02% 14219 1 0.2331

= Main results

[ Scatterplot
R-squared graphic
Covariance
Correlation
Diagnostics
All studies
Valid studies
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Compare models (detailed)
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STEP 4: SAVE THE ANALYSIS

Once you've created a meta-regression you can save it using

e File > Save regression file as ...
e This will save the regression template with an extension of .cmr.

E Comprehensive meta analysis - [Form1]

File Covariates Models Computational options Decimals Analyses Help = Run regression

% Page size and margins Insert model [ Delste model EEI Rename model E:_ Generate sequence = + —F @
é Print

L Remove covaristes | T Moveup 4 Move down | < Link covariates <[> Uniink covariates | + +
4= Return to basic analysis

(= Open regressicn file

+ + .
[ ] save regression file k ates Intercept Allocation: Allocation: +Year + Latitude
Save regression file As ...
Ci\test.cmr pt
) Allocation: Alternate O
Allocation . .
Allocation: Systematic O O
Year O O O
Latitude O O O O

The .cmr file save the instructions for the analysis, NOT the data. By analogy, programs such as SPSS™,
SAS™, and stata™ allow you to save a set of commands in one file and the data in another file. The
commands can then be applied to any data file that has the same variables.

The .cmr file saves the following

e The list of covariates

e The list of models

e The check-boxes for each model
e The sets

e The model names

In another session you can return to the regression module and click
e File > Open file

to open this file, and re-run the analysis. This can be with the same dataset as you had used before, or
with another dataset. For example, you may return to the data-entry screen and add new studies, or
you may return to the main analysis screen and edit the filters, or you may be working with an entirely
different data set that has the same variables as the first one. When you open a cmr file the program
simply recreates the main MR screen as though you had entered it manually.

The MR file does not save the statistical settings that were in place when the file was created. These

include the method employed to estimate T2, the use of Z or Knapp-Hartung, the confidence level, the
choice of a one-sided or two-sided test.
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Step 5: Export the results
The program offers two options for exporting the results of any analysis.

e Export the results to Excel. Then, you can perform additional computations within Excel, and/or
format the results and copy them as a table to other programs

e Copy the results to the clipboard as a picture. Then, paste this picture into Word or any other
program.

The example here is for the main analysis screen.

The screen looks like this

@ Comprehensive meta analysis - [Form1]

File Computational options Decimals Analyses Help + Maodify models = Main results [l Scatterplot
4+ Modify models
e for Model 1, Random effects (MM), Z-Distribution

Save results as Excel file and open

Copy results to clipboard as picture

- . Standard 95% 95% 2-sided
Set Covariate Coefficient Z-value
Error Lower  Upper P-value
Intercept -29.2359 45.7992 -119.0007 60.5289 -0.64 0.5232459
. Allocation: Alternate 0.4855 0.4809 -0.4570 14279 1.01 0.3126919
Allocation ) . Q=1.55, df=2, p=0.4608774
Allocation: Systematic 0.4574 0.3778 -0.2831  1.1978 1.21 0.2260301
Year 0.0148 0.0232 -0.0306  0.0603 0.64 0.5225461
Latitude -0.01%0 0.0159 -0.0503 0.0122 -1.19 0.2330983

Statistics for Model 1

Test of the model: Simultaneous test that all coefficients (excluding intercept) are zero
Q=13.17, df =4, p =0.0104551

Goodness of fit: Test that unexplained variance is zero

Tau-sq =0.1194, SE = 0.1061, |-sq = 66.69%, Q = 24.01, df =8, p = 0.0022791

Comparison of Model 1 with the null model

Total between-study variance (intercept only)

Tau-sq =0.3088, SE =0.2299, |-sq =92.12%, Q = 152.23, df =12, p =0.0000000
Proportion of total between-study variance explained by Model 1

R-sq analog =61.33%

Number of studies in the analysis 13

Fised | Random
Model 1
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e Click File > Export results to Excel and open
e Provide a name for the Excel file

]| = = = Test2ds [Compatibility Mode] - Microsoft Excel

Home Insert Page Layout Formulas Data Review View Acrobat

& cut Calibri 11 A = - S Wrap Text General - ij‘ ﬁ‘j«a‘ l__"al E_ B IE‘ Z Autosum © ‘ﬁ
53 copy ~ . = 3 k & Fin - 2
2 rormatpanner (8] 2 0 - BlMergescenter = $ - % 2 | SR e sy o U T Qe e s
Clipboard Fl Font rl Alignment Fl Number Fl Styles Cells Editing
A1 - 5|
A B D H 1 ) K L N 3 T u v w
1 : Main results for Model 1, Random effects (MM), Z-Distribution
2
5 Set Covariate Coefficient  Standard 95% 95% Z-value 2-sided
6 Error Lower Upper P-value Set
7 Intercept -29.2359 45,7992 -119.0007 60.5289 -0.6383 0.5232
8 Allocation: A 0.4855 0.4309 -0.457 1.4279 1.0096 0.3127 Q=1.55, df=2, p=0.4608774
9 Allocation: St 0.4574 0.3778 -0.2831 1.1978 1.2106 0.226 Q=1.55, df=2, p=0.4608774
10 Year 0.0148 0.0232 -0.0306 0.0603 0.6394 0.5225
11 Latitude -0.019 0.0159 -0.0503 0.0122 -1.1924 0.2331
111
141
142 Statistics for Model 1
143
144 Test of the model: Simultaneous test that all coefficients (excluding intercept) are zero
145 Q=13.17, df =4, p =0.0104551
147 Goodness of fit: Test that unexplained variance is zero
148 Tau-sq = 0.1194, SE = 0.1061, |-5q = 66.69%, O = 24.01, df =8, p = 0.0022791
151
152 ‘Comparison of Model 1 with the null model
153
154 Total between-study variance (intercept only)
155 Tau-sq = 0.3088, SE =0.2299, I-sq =92.12%, Q = 152.23, df = 12, p =0.0000000
157, Proportion of total between-study variance explained by Model 1
158 R-sq analog =61.33%

181
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Part 5: Understanding the results
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MAIN RESULTS

FIXED-EFFECT ANALYSIS

To navigate to this screen

Run the analysis [A]

@ Comprehensive meta analysis - [Form1]

File Covariates Models Computational options Decimals Analyses Help

v <

=+ Run regression

The toolbar changes as shown here
e Click “Main results”

e C(Click on the predictive model
o Click “Fixed”

© www.Meta-Analysis.com

Models: D Clear models |'| Insert model |‘| Delete model E‘,E Rename model E:_Generatesequence T = = @
Covariates: = Show covariates 1: Remove covariates 1+ Move up 4+ Move down | < Link covariates <|> Unlink covariates
Set Covariates Model 1
Intercept
} Allocation: Alternate
Allocation . B
Allocation: Systematic
Year
Latitude
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E Comprehensive meta analysis - [Form1]

File Computational options Decimals Analyses Help + Modify models | = Main results [l Scatterplot

Me

Main results for Model 1, Fixed effect, Z-Distribution

Set Covariate Coefficient Standard 95% 95% Z-value Zsided
Error Lower Upper P-value
Intercept -45.9381 31.3109 -107.3063 15.4301 -1.4672 0.1423
) Allocation: Alternate 0.6320 0.3023 0.0395 1.2245  2.0805 0.0366
Allocation B . Q=6.3651, df=2, p=0.0415
Allocation: Systematic 0.3062 0.2551 -0.2016 0.8140 1.1819 0.2372
Year 0.0235 0.0159 -0.0076  0.0545 1.4795 0.1390
Latitude -0.0213 0.0084 -0.0378 -0.0048 -2.5260 0.0115

Analysis of variance

a df p

Model 128.2186 4.0000 0.0000
Residual 24.0144 8.0000 0.0023
Total 152.2330 12.0000 0.0000

Number of studies in the analysis 13

Fized | Random
Model 1

Impact of the full model

Analysis of variance

In this section the total WSS is partitioned into its component parts —
e The WSS explained by the covariates (the model)
e The WSS not explained by the covariates (the residual).

Model

This is the test that the predictive model explains any of the variance in effect size. Put another way, it
asks if the dispersion of effects about the regression line smaller when the regression line is based on
the covariates rather than based solely on the grand mean. Here, Q = 128.2186 with df =4 and p <
0.0001, so we conclude that the predictive model explains (at least) some of the variance in effect size.
Residual

This is the test that the data are consistent with the model’s assumption of a common effect size for all
studies with the same predicted value. The Q value is 24.0144 with df = 8 and p = 0.0023. We conclude
that the data are not consistent with the assumptions of the fixed-effect model.

Total

This is the test that the variance for the full set of studies (with no predictors) is zero. The Q-value is
152.2330 with df = 12 and p < 0.0001.
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Impact of individual covariates

The test of the model is an omnibus test for the full set of covariates. It tells us that the set as a whole is
related to effect size. By contrast, the table at the top addresses the impact of each covariate. In this
table, the impact of each covariate is reported with all of the other covariates partialled out (or held
constant).

Since the effect size is the risk ratio, all analyses are carried out in log metric and all coefficients are in
the log metric. In this example, virtually all predicted effects are less than zero, so 0 is no effect, -1 is a
large effect, and -2 is a very large effect. In this example, therefore, a negative coefficients means that
as the covariate gets larger the vaccine is more effective. (The reverse would be true if the predicted
values were all positive).

The coefficient for Year is 0.0235, which means that for every increase of one year the log risk ratio will
increase by 0.0235 (the vaccine became less effective over time). The corresponding p-value is 0.1390.

The coefficient for latitude [I]is -0.0213, which means that for every increase of one unit (degree) in
latitude the log risk ratio will decrease by 0.0213 (vaccine is more effective at greater latitudes). The
coefficient plus/minus 1.96 times the standard error (0.0084) yields the 95% confidence interval for the
coefficient, which is -0.0378 to —0.0048. The coefficient divided by its standard error yields a Z value of
-2.526, and the corresponding p-value of 0.0115. Thus, when year and allocation method are held
constant, the relationship between latitude and effect size is statistically significant.

Impact of a set of covariates

The model includes two covariates that have been identified as a set. These are Alternate allocation and
Systematic allocation. The test of the set tells us if allocation is related to effect size. In this case Q =
6.3651 with df =2 and p = 0.0412, and so there is evidence that effect size is related to allocation type.
For a more specific analysis we can look at each line within the set, and see that Alternate allocation has
a coefficient of 0.6320 (the vaccine is less effective in studies that employed alternate allocation) and a
p-value of 0.0366. However, as discussed in the chapter on caveats, this finding is almost certainly due
to a confound with other factors.

Summary

The total Q of each effect size about the grand mean can be partitioned into its component parts — the Q
due to the variation in effect size that can be explained by the covariates, and the part that cannot.

e Model. The Q-value for the model is 128.2186 with df = 4 and p < 0.0001, which tells us that
effect size is related to at least one of the covariates.

e Residual. The Q-value for the residual is 24.0144 with df = 8 and p = 0.0023, which tells us that
the assumptions of the fixed-effect model have been violated.

e Total. The Q-value for the total is 152.23 with df = 12 and p < 0.0001, which tells us that that
effect sizes vary when we ignore subgroups and work with deviations of all studies from the
grand mean.
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Impact of individual covariates

The test of the model is an omnibus test for the full set of covariates. It tells us that at least one of the
covariates is related to effect size. By contrast, the table at the top addresses the impact of each
covariate. In this table, the impact of each covariate is reported with all of the other covariates partialled

out (or held constant).

The p-values tell us if there is evidence that the covariate is related to effect size when the other
covariates are held constant.

e The p-value for allocation is 0.0415. Specifically, with other covariates held constant alternate
allocation is associated with a smaller effect size (but see the chapter on caveats).

o The p-value for year is 0.1390, with the studies that fall further from the equator showing more
impact of the vaccine.

o The p-value for latitude is 0.0115, with the studies that fall further from the equator showing
more impact of the vaccine.

RANDOM-EFFECTS ANALYSIS

To navigate to this screen

Run the analysis

@ Comprehensive meta analysis - [Form1]

File Covariates Models Computational options Decimals Analyses Help =+ Run regression

A

Models: Dc\earmudels |'| Insert model |‘| Delete model ',z Rename model E:_ Generate sequence ~| + —+ @

Covariates: = Show covariates 1: Remove covariates | T Moveup 4 Movedown | < Link covariates <> Unlink covariates | +

Set Covariates Model 1

Intercept
; Allocation: Alternate
Allocation . R
Allocation: Systematic
Year

Latitude

K KKRE

The toolbar changes as shown here
e Click “Main results”

e C(Click on the predictive model
e Click “Random”
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E Comprehensive meta analysis - [Forml]

File Computational options Decimals Analyses Help + Meodify models | = Main results [l Scatterplot More re

Main results for Model 1, Random effects (MM), Z-Distribution

Set Covariate Coefficient standard 95% 95% Z-value Z-sided
Error Lower Upper P-value
Intercept -29.235% 45,7992 -115.0007 60.5289 -0.6383 0.5232
. Allocation: Alternate 0.4855 0.4809 -0.4570  1.4279 1.0096 0.3127
Allocation . . 0=1.5492, df=2, p=0.4609
Allocation: Systematic 0.4574 0.3778 -0.2831 11978 1.2106 0.2260
Year 0.0148 0.0232 -0.0306 0.0603 0.63%4  0.5225
Latitude -0.0190 0.0159 -0.0503 0.0122 -1.1924 0.2331

Statistics for Model 1

Test of the model: Simultaneous test that all coefficients {excluding intercept) are zero
Q=13.1742, df =4, p = 0.0105

Goodness of fit: Test that unexplained variance is zero

Tau-sq =0.1194, SE =0.1061, |-sg = 66.69%, Q = 24.0144, df =8, p=0.0023

Comparison of Model 1 with the null model

Total between-study variance (intercept only)

Tau-sq = 0.3088, SE =0.2299, |-sq =92.12%, Q =152.2330, df = 12, p =0.0000
Proportion of total between-study variance explained by Model 1

R-sq analog =61.33%

Number of studies in the analysis 13

Fized | Random
Model 1

Test of the model
Is effect size related to the covariates?

The test of the model is a simultaneous test that all covariates (except the intercept) are zero. The Q-
value is 13.1742 with df = 4 and p = 0.0105. We reject the null and conclude that at least one of the
covariates is related to effect size.

Goodness of fit
Is there any unexplained variance in the true effect sizes?

Immediately above, we saw that the covariates improve our ability to predict that study’s effect. But
does this information enable us to completely predict that study’s effect — do all studies with the same
values on all covariates share a common effect size? Or is there variance in true effects among studies
with the same predicted value?

The Q statistic, based on the deviation of each study from its predicted value, is 24.0144, with 8 df and
the corresponding p-value is 0.0023. This tells us that the true effect size varies from study to study,
even for studies that are identical on all covariates. Put another way, the model is incomplete —
knowing a study’s allocation type, year, and latitude does not allow us to completely predict its effect
size.
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How much variance is there?

The program shows that T2, the variance of true effect sizes at any point on the regression line, is
0.1194. It follows that the T, the standard deviation of true effect sizes at any point on the regression
line is 0.3455. We can use this to get a sense of how closely the true effects at any point on the
regression line are (or are not) clustered together.

In Figure 26 we’ve plotted all 13 studies, the regression line, and a series of normal curves about the
regression line. Each normal curve has a height of 1.96 T and is centered about some point on the
regression line. If the true effects are normally distributed with standard deviation T, then 95% of
studies with that predicted value will have a true effect size within the range of the normal curve.
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Figure 36

What proportion of the observed variance is true variance?

The variance that cannot be explained by the covariates includes within-study variance (essentially
error) and between-study variance (that can be potentially explained by additional study-level
covariates). The F? statistic is 66.69%, which tells us that 67% of the remaining variance falls into the
latter group.

Impact of individual covariates

The test of the model is an omnibus test for the full set of covariates. It tells us that at least one of the
covariates is related to effect size. By contrast, the table at the top addresses the impact of each
covariate. In this table, the impact of each covariate is reported with all of the other covariates partialled
out (or held constant).

Since the effect size is the risk ratio, all analyses are carried out in log metric and all coefficients are in
the log metric. In this example, virtually all predicted effects are less than zero, so 0 is no effect, -1 is a
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large effect, and -2 is a very large effect. In this example, therefore, a negative coefficients means that
as the covariate gets larger the vaccine is more effective. (The reverse would be true if the predicted
values were all positive).

The model includes two covariates that have been identified as a set. These are Alternate allocation and
Systematic allocation [G]. The test of the set tells us if allocation is related to effect size. In this case Q =
1.5402 with df = 2 and p = 0.46, and so there is no evidence that effect size is related to allocation type.

The coefficient for Year [H] is 0.0148, which means that for every increase of one year the log risk ratio
will increase by 0.0148 (the vaccine became less effective over time). The corresponding p-value is
0.5225.

The coefficient for latitude [I] is -0.0190, which means that for every increase of one unit (degree) in
latitude the log risk ratio will decrease by 0.0190 (vaccine is more effective at greater latitudes). The
coefficient plus/minus 1.96 times the standard error (0.0159) yields the 95% confidence interval for the
coefficient, which is -0.0503 to 0.0122. The coefficient divided by its standard error yields a Z value of -
1.1924, and the corresponding p-value of 0.23. Thus, when year and allocation method are held
constant, the relationship between latitude and effect size not is statistically significant.

In this example none of the individual covariates has a p-value less than 0.05. Since the model as a
whole is statistically significant, the fact that no covariate is statistically significant probably reflects the
fact that some of the covariates are correlated with each other. For example, latitude or year might be
statistically significant if entered into the equation alone. However, if the two are correlated with each
other and compete for the same variance, neither meets the threshold for statistical significance.

Comparison of Model 1 with the null model

The intent of this display is to report how much variance there is initially (without covariates), and how
much variance remains (with covariates). Then, by comparing the two, we can report that the covariates
explained some proportion of the initial variance.

Total between-study variance (intercept only)

To get the initial amount of variance we run a regression with no covariates and compute T2. Here, T2 is
0.3088, which is the variance of all studies about the grand mean.

Proportion of variance explained

To get the final amount of variance we run a regression with the covariates and compute T2. This value,
reported above as 0.1194, is the variance of studies about their predicted value.

If the initial T2 is 0.3088 and the remaining T2 is 0.1194, the difference (0.1894) is the T? explained by the
model. Then we can compute R?, the proportion explained by the model, as 0.6133.

The proportion of variance explained is called R?. To compute R? we follow the logic in the preceding
paragraph. We compute T2 with no covariates [J] to provide the value at left. We already have T2 with

covariates [E] to provide the value at right. Then R? is computed as (0.3088 —0.1194)/0.3088 = 0.6133.
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We can show this graphically. At left, the normal curve reflects the unexplained variance in effects
when the predicted value for each study is the grand mean. At right, the normal curves represent the
unexplained variance in effects when the predicted value for each study is based on the regression line.
The variance at the right is less than the variance at the left, which tells us that by using these covariates
we can reduce the unexplained variance — or (equivalently) explain some of the variance.
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Figure 37
Summary

e The Q-Model is 18.85 with df =1 and p < 0.0001. This tells us that effect size is related to
latitude.

e The Q-value for goodness of fit is 30.73 with df =12 and p = 0.0012. This tells us that the effect
size varies, even within studies at the same latitude.

e The Q-total is 152.23 with df =12 and p < 0.0001. This tells us that effect sizes vary when we
ignore latitude and work with deviations of all studies from the grand mean.

e The observed variance in effect sizes is partly due to real differences and partly due to within-
study sampling error. When there are no covariates [D] the I? value is 92%, which tells us that
92% of the observed variance is real, and may potentially be explained by covariates. When we
use these covariates [J] the I? value is 66.69%, which tells us that 66.69% of the remaining
variance is real, and may potentially be explained by additional covariates.

e The between-study variance is estimated at 0.1194 at any given point on the regression line
based on these covariates, as compared to 0.3088 for the regression line based on the grand
mean. This corresponds to an R? of 61.33%, meaning that some 61% of the true variance in
effects can be explained by the covariates.
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