Module 4:  Problem Set: Performing a Meta-analysis in Stata
(Credit to Dr. Bennet for providing a template and some instruction)
Note: Refer to RevMan practice set and class slides for background info.
Objective: to assess the effect of early vs. delayed ART on mortality and IRIS using two approaches:
A - When components of the 2X2 table are available/reported
B - When effect size and 95% CI are reported [hypothetical example is created using the same set of studies included in Approach A]
Files that are needed to follow this practice (in addition to class slides). These files can be found on CLE:
· Dataset for Stata - Count data.xlsx

· Dataset for Stata - RR and 95%CI.xlsx

· Stata pre-populated setv2.dta

Data included in Excel files are extracted from four studies listed below. No need to read them n details, but make yourself familiar with them to understand the context.
· Blanc 2011. PDF

· Amonge 2015.PDF

· Havlir 2011.PDF

· Shao 2009.PDF
Approach a: Meta-Analysis of Count Data [ When data for 2x2 table are reported]
Step 1: Inspect and understand your dataset
Using Excel, open: Dataset for Stata - Count data.xlsx
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Variables in excel file
· Study: Author/year of included studies
· Outcome: 1- Mortality, 2- IRIS [ we will define them in Excel]
· early_art_e: number of events (outcomes) in early ART group

· early_art_t: Total number of patients in early ART group

· delay_art_e: number of events (outcomes) in delayed ART group

· elay_art_t: Total number of patients in delayed ART group

From a visual inspection of the data provided in the table, do the data appear consistent across studies? Any irregularity? 
Step 2: Prepare data in Stata for meta-analysis [or use pre-populated Stata file if having trouble importing data from Excel to State]
· Import your Excel spreadsheet into Stata 
· One way to import data from Excel is to go to File > Import > Excel spreadsheet > Browse (select your file). Check “Import first row as variable names.” 
· If you are transferring data from the excel, use following commands in Stata to prepare data for your analysis:

· label define outcome 1 "Mortality" 2 "IRIS"

· label value outcome outcome
· You can also verify the changes using the drop down menu: Data >  Variables Manager.
Note that our data set in Excel does not contain variables representing the number of non-events (without outcome). We must generate these variables ourselves. The following commands in Stata should suffice: 
·  gen early_art_ne= early_art_t - early_art_e [to generate a variable for patients in early ART without event/outcome]

·  gen delay_art_ne = delay_art_t - delay_art_e [to generate a variable for patients in delayed ART group without event/outcome]

STEP 3: Step 3: Perform meta-analysis
We combine the results of studies, using the fixed effects model for crude data to calculate a summary estimate. STATA 16 and 17 uses a windows-based format to allow you to select commands for most operations. [this practice set is using Stata 17, but most functions are very similar]
Launch the meta-analysis function: To perform the meta-analysis, go to the “Statistics” Tab and scroll down to “Meta-analysis.” This will open a new window with several boxes on the left side (Setup, Summary, Forest Plot, etc). Start with the Setup window. 
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Because this meta-analysis involves binary outcomes (mortality or not), select the second radio button (“compute and declare effect sizes for two-group comparison of binary outcomes”). To have the RR reflect a benefit (be less than 1) for early ART group, you should specify group variables as shown below (the labelling is somewhat counter-intuitive, but it is because of the way the 2x2 table was created):
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For the Effect size, select drop-down option “Log risk ratio.”  (later, you will select an option to transform the log back to RR).
Now, in the same “Setup” Tab, select the “Model” button and select “fixed effects.” Choose “Mantel-Haenszel” from the drop-down menu under “Method”
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Then select the “Options” button and specify that the study label should be “study” and for the effect size label, write “RR.” 
Then, hit the Submit button in the bottom right corner.
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Next, go to the “Summary” tab on the left hand side. Under the if/in button, specify outcome==1 to pull data for Mortality. 
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Then under Options button, choose “Report exponentiated effect size” in the drop down menu.
Then insert “RR” in the box in front of the dropdown menu.
Optional: Check mark “Sort studies” and chose By: Effect size (meta-es).and click the “submit” button in the bottom right. 
NOTE: If you are using Stata v16.1, you will have to click on Main button to check “Sort studies.” Choose By: Effect size (_meta_es). If you can’t figure this out, don’t worry.
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STATA will generate a table with the RR, CI’s, and % weight for each study as well as the summary RR – these results can be cut and pasted into your HW. 
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· What is the summary estimate and 95% confidence interval? 
· Which study is weighted the most heavily, and how does the point estimate for this study compare to the overall summary estimate? (Recall how weight is calculated in studies with dichotomous outcomes). 
· How would you interpret the results?  

Now let’s visually inspect our data using Forest plot. To generate a forest plot, go to the Forest Plot tab on the left, select the radio button “Fixed effects” and use the Mantel-Haenszel method. 
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Under the if/in button, specify outcome==1 to pull in data for Mortality. 
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Then under Options button, chose “Report exponentiated effect size and label as:

 “RR”. 
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Go to Forest plot button, click on Plot Options (towards the bottom of the box), and click boxes for “draw overall effect-size line” and Draw no-effect line”. 
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Click the “submit” button in the bottom right. Use the “copy” button to copy and past your figure in Word.
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Visually inspect the Forest plot and provided statistics.

· Are the results homogeneous? Support your conclusions based on the STATA output such as I2% as well as Chi-square test.
· What is heterogeneity and what factors can account for heterogeneity?

· Which study do you suspect contributes the most to heterogeneity in this analysis? Why? 

Now  let’s explore effects of individual studies on the overall effect size (sensitivity-analysis). Go back to the “Summary”. This time click the box for “leave one out meta-analysis: and click on submit. 
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Copy and paste the Stata output in the word document
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What do you observe? Any single study in influencing the overall effect size?
Note: If you are using Stata v 16.1 and don’t have this option, you could also perform a meta-analysis excluding one or more studies by going back to the “Setup” tab and using the if/in button and specify which studies are excluded. For example, in the if/in box, you can type: study~=”study name” (which translates to “study does not equal “study name”). Then be sure to hit the submit button and repeat the prior steps to generate a summary estimate, which will exclude that study. Once you have finished this analysis excluding one study, be sure to go back to the Setup page and delete the if/in statement and hit the submit button again to restore the original studies. Finally: you can adapt and use metaninf command:
· metaninf early_art_e early_art_ne delay_art_e delay_art_ne, fixed nograph label (namevar= study)

Now let’s try sub-group analysis. Sub-group analysis can be done to examine the effect of a given variable in the subgroup of studies. We do not have other variables to perform sub-grou analysis on in our dataset. We can create a hypothetical variable based on CD4 count level. Let’s assume that at the baseline, CD4 count level was higher for patients in two studies (Amogne 2015 and Blanc 2011) and lower for the other two: Havlir 2011 and Shao 2009.

First, take following steps to create a new “CD4_level” variable and assign proper values for each study. Use following commands:
· gen CD4_level=. 

· replace CD4_level=1 if study=="Amogne 2015" | study=="Blanc 2011" 

· replace CD4_level=2 if study=="Havlir 2011" | study=="Shao 2009"
· label define CD4_level 1"High" 2"Low"
· label value CD4_level CD4_level
Now go back to Forest plot and check the box next to sub-group meta-analysis and select the CD4_level variable from the dropdown menu. You can also do this in “Summary” tab. 
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Click submit and copy and past the figure in Word document.
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· What are the summary estimates for each group?
· Do the summary estimates differ from each other? How would you interpret the difference or lack of difference? Are the results homogeneous for each group?  
To determine the RR summary estimates in each risk group, return to the “Setup” tab and use the if/in box to specify CD4_level==1 and then CD4_level==2. For each analysis, remember to hit the submit button in the bottom right of the Setup page before proceeding to the Summary button.
Effect of model choice? Play with some of the options and see what you observe. For example chose random-effects model and repeat analysis above. 
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· Do the summary estimate and 95% confidence interval differ from the fixed effects model? What is the difference?
· Are the results homogeneous? 
· Compare the relative weights of the studies in the fixed effects model with their weights in the random effects model. Discuss how the relative weights affect the summary estimates and 95% confidence intervals.
Approach B: Meta-Analysis of Effect Sizes
Often studies, specially observation studied, do not report the component of the 2X2 table. In this situation, we must use our approaches to combine the results of studies. In the example above, we have constructed a hypothetical scenario for the same set of studies as presented in scenario A, but instead of the count data, studies have reported risk ratio and 95% CIs for two outcomes. 

Step 1: Inspect and understand your dataset

Open: Dataset for Stata - RR and 95%CI ( or use pre-populated Stata file)
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Data in Excel file:

· sudy, Author/year of included studies

· outcome: 1- Mortality, 2- IRIS

· rr: calculated risk ratio

· rr_ll: calculated lower limit of 95%CI

· rr_ul: calculated upper limit of 95% CI
Step 2: Prepare data in Stata for meta-analysis. [or use pre-populated Stata file if having trouble importing data from Excel to State]
· Import your Excel spreadsheet into Stata 
· One way to import data from Excel is to go to File > Import > Excel spreadsheet > Browse (select your file). Check “Import first row as variable names.” 
· If you are transferring data from the excel, use following commands in Stata to prepare data for your analysis:

· label define outcome 1 "Mortality" 2 "IRIS"

· label value outcome outcome
· You can also verify the changes using the drop down menu: Data >  Variables Manager.
Note: you need to either enter data for your RR in log form or transform them to log form in order to use meta-analysis functions in STATA. You can do this in Stata as follow:

· gen logrr = log(rr) [ to transform RR to log RR, it will generate 1 missing value]

· gen logrr_ll=log(rr_ll) [ to transform lower limit of 95%CI to log of it, it will generate 1 missing value]

· gen logrr_ul=log(rr_ul) [ [ to transform upper limit of 95%CI to log of it, it will generate 1 missing value]

STEP 3: Step 3: Perform meta-analysis
Most of the steps are very similar with Approach A. We combine the results of studies, using the fixed effects model for crude data to calculate a summary estimate. STATA 16 and 17 uses a windows-based format to allow you to select commands for most operations. [this practice set is using Stata 17, but most functions are very similar]

Launch the meta-analysis function: To perform the meta-analysis, go to the “Statistics” Tab and scroll down to “Meta-analysis.” This will open a new window with several boxes on the left side (Setup, Summary, Forest Plot, etc). Start with the Setup window. 

Start with the Set-up and go to Main button. Chose 3rd radio button “declare generic precomputed effect sizes (in the metric closest to normality).” 
For the effect size, select logrr (you will need to scroll down to find it). Next, select the button for CI variables and scroll through the drop-down menu to select logrr_ll and logrr_ul 
NOTE: BECAUSE THE CI’S ARE NOT SYMMETRIC, YOU MUST ALSO CHANGE THE BOX LABELLED “CI symmetry tolerance” from 1e-6 to 1e0. 

Remember to use the if/in statement on the Setup page to specify “outcome” as “outcome==2”(this will include just the 3 studies for IRIS”. Hit Submit. 
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Now, in the same “Setup” Tab, select the “Model” button and select “fixed effects.” 
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Then select the “Options” button and specify that the study label should be “study” and for the effect size label, write “RR”. Then, hit the Submit button in the bottom right corner.
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Next, go to the Summary window. Under the if/in button, specify outcome==2 to pull data for IRIS (if not done in Set-up).
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Next go to Option button, remember to select “Report transformed effect sizes” and select “Exponential (exp),” which will generate RR (instead of log RR’s). In the Setup window, you can also specify a study label (under Options) as “study.”
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Copy and past output of the state.
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· Do you have the right number of studies/data points? Are the results homogeneous? If the studies are not homogenous, what issues related to observational studies may account for the heterogeneity?  
· Repeat this process for Mortality and compare results between Approach A and B.
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