Lecture 4:  Problem Set: Performing a Meta-analysis

HOMEWORK Due:  tUESDAY, APRIL 20, 2021 by 1:30 pm
Note: Please submit this homework electronically by e-mailing to ucsfsystematicreviews2021@gmail.com
Please format in a Word document, put your name on the document, and title the file: lastname.hw#.doc (e.g., smith.hw1.doc)
For this assignment, please clearly answer each question using numbers from your stata output to support your conclusions.  For any Stata output/tables that you include, please use Courier font (size 8) so that everything lines up correctly (but be sure to interpret the findings – i.e. don’t just cut and paste). 

Homework for Section 2:

Complete the following systematic review problem set. Instructions are included in the problem set. 
Section A: Meta-Analysis of Count Data
Below are data from randomized controlled trials of antibiotic prophylaxis for therapeutic abortion. Your primary aim is to determine if prophylactic antibiotics given at the time of therapeutic abortion alter the risk of subsequent pelvic inflammatory disease (PID).  

	Author/year
	# of infections/ # on antibiotics 
	# of infections/ # on placebo 
	Antibiotic


	RR (95%  CI)



	Krohn 

1981
	6 / 104

(6%)
	11 / 106

(10%)
	Tinidazole
	0.56 (0.21, 1.45)

	Sonne-Holm

1981 
	14 / 254

(6%)
	26 / 239

(11%)
	Penicillin and Pivampicillin
	0.51(0.27, 0.95)

	Westrom

1981 
	10 / 102

(10%)
	17 / 110

(15%)
	Tinidazole
	0.63 (0.30, 1.32)

	Heisterberg

1985 
	2 / 51

(4%)
	10 / 49

(20%)
	Metronidazole
	0.19 (0.04, 0.83)

	Darj

1987 
	8/386

(2%)
	24/383

(6%)
	Doxycycline
	0.33 (0.15, 0.73)

	Heisterberg

1984
	25/269

(9%)
	25/263

(10%)
	Lymecycline
	0.98 (0.58, 1.66)

	Heisterberg

1987 
	7 / 64

(11%)
	7 / 54

(13%)
	Metronidazole
	0.84 (0.32, 2.26)

	Heisterberg

1988 
	2 / 24

(8%)
	7 / 31

(23%)
	Lymecycline
	0.37 (0.08, 1.62)

	Levallois

1988 
	3 / 535

(1%)
	26 / 539

(5%)
	Doxycycline
	0.12 (0.04, 0.38)

	Sørensen

1992 
	20 / 189

(11%)
	30 / 189

(16%)
	Erythromycin
	0.67 (0.39, 1.13)

	Larsson

1992 
	3 / 84

(4%)
	11 / 90

(12%)
	Metronidazole
	0.29 (0.08, 1.01)

	Neilsen

1993 
	55 / 525

(10%)
	73 / 548

(13%)
	Ofloxacin
	0.79 (0.57, 1.09)


You should enter the following data into Stata (the variable names are arbitrary) or use the dataset that has been provided:
· study, the study author 

· year, the year the study was published
· inf1, the number of infections in the intervention group
· inf0, the number of infections in the placebo group
· n1, the sample size for the intervention group
· n0, the sample size for the placebo group
Examine the relative risk for each study. 
1.  From a visual inspection of the data provided in the table, do the measures of outcome (i.e., relative risks) appear consistent across studies (just provide a qualitative/descriptive answer based on the data shown in the table above)?
Now, combine the results of trials, using the fixed effects model for crude data to calculate a summary estimate. STATA 16 uses a windows-based format to allow you to select commands for most operations. 

Note that our data set does not contain variables representing the number of non-events. We must generate these variables ourselves. The following should suffice: 

.generate uninf1 = n1 – inf1


.generate uninf0 = n0 – inf0 

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. 

Because this meta-analysis involves binary outcomes (infection or not), select the second radio button (“compute and declare effect sizes for two-group comparison of binary outcomes”). In order to have the RR reflect a benefit (be less than 1) with antibiotic use, you should specify group variables as follows (the labelling is somewhat counter-intuitive, but it is because of the way the 2x2 table was created):
Group 1

-number of successes: inf1

-number of failures: uninf1

Group 2

-number of successes: inf0

-number of failures: uninf0

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.” Then select the “Options” button and specify that the study label should be “study year” and for the effect size label, write “RR.” Then, hit the Submit button in the bottom right corner.

Next, go to the Summary window. Under the Options button, click the box to “Report transformed effect sizes” and use the Transformation drop-down box to select “Exponential (exp)”. Then Label as “RR” and click the “submit” button in the bottom right. 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. To generate a forest plot, go to the Forest Plot button, select “Fixed effects” and use the Mantel-Haenszel method. Be sure that in the Options Tab of the Forest Plot, you have selected “report transformed effect sizes” and that the drop-down box is set to “Exponential (exp).” Hit Submit, and STATA will generate a forest plot, which you can cut and paste into your HW.
2.  What is the summary estimate and 95% confidence interval? 
3.  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). 
4. Why aren't the studies by Levallois and Neilsen, which have similar sample sizes, weighted the same (hint: look at the 2x2 tables on page 2)? 
5.  How would you interpret the results?  

In Stata, Q is labelled “Heterogeneity chi-squared.”
6.  Are the results homogeneous? Support your conclusions based on the STATA output.
7.  What is heterogeneity and what factors can account for heterogeneity?
8.  Which study do you suspect contributes the most to heterogeneity in this analysis? Why? 
9.  Does exclusion of this study “fix” the heterogeneity? Support your conclusions based on the STATA output.
Note – you can 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 12 original studies.
Now, perform a subgroup analysis to examine the effect of antibiotics in the subgroup of studies with a low prevalence of PID and the subgroup of studies with high prevalence of PID.  To do this, calculate the summary estimates for studies that with relatively low risks of PID and studies with relatively high risks of PID.  Studies with a prevalence in the placebo group less than 7% will be considered "low risk"; studies with a prevalence in the placebo group greater than 7% will be considered "high risk." 

You will want to create a variable for risk group. The following will work:

.generate riskgp = inf0/n0 > 0.07
The resulting variable (riskgp) is coded 0 if baseline PID risk is <7% and 1 if baseline PID risk is >7%. (The command asks Stata to check whether the rate for each study, inf0/n0, is larger than 0.07.  If so, Stata returns a value of 1 for that row in riskgp.  Otherwise, Stata returns a value of 0, and codes riskgp as 0.)  Re-do the analyses for the high and low risk groups, and compare the summary estimates for each group.
10. What are the summary estimates 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 riskgp==0 and then riskgp==1. For each analysis, remember to hit the submit button in the bottom right of the Setup page before proceeding to the Summary button.
11.  Do the summary estimates differ from 2? How would you interpret the difference or lack of difference? Are the results homogeneous for each group?  
You submit your results for publication. The journal returns the manuscript stating they have a new policy that all meta-analyses considered for publication must use a random effects model. Combine the full set of studies (n=12) using the random-effects model for crude data. (This simply requires you to select the “random effects” radio button in the Summary tab. Remember to restore the dataset to 12 studies by removing any if/in statements in the Setup window). 

12.  Do the summary estimate and 95% confidence interval differ from the fixed effects model? What is the difference?
13.  Are the results homogeneous? 
14.  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.
The original search found a randomized controlled trial the investigators decided to exclude because no placebo was used in the control group.  The relative risk for this study was 0.20 (95% CI 0.04 - 0.90) with 10 cases of PID among 274 in the placebo group and 2 cases among 275 in the treated group. Perform a sensitivity analysis by combining this study with the full set of studies (n=12) using the fixed effect model for crude data. 
15.  Does the summary estimate and 95% confidence interval change?  Support your conclusions by including STATA output.
To add a new study to the dataset, you can open the data editor and manually add the data elements from the study, or you can use the following commands:
set obs 13

replace study = "new" in 13

replace inf0 = 10 in 13

replace inf1 = 2 in 13

replace uninf0 = 264 in 13

replace uninf1 = 273 in 13

replace n1 = 275 in 13

replace n0 = 274 in 13
You will have to return to the Setup page and hit “submit” again and you will see at the bottom of this page that your dataset now contains 13 studies. Remember to specify use of the fixed effects model for this comparison in the Summary command window.

16.  Given the results of this sensitivity analysis, would you conclude the summary estimate you computed in problem 2 is robust? 

Drop the new study from your data set before continuing (you can do this by selecting the row for this 13th study in the data editor, right click the highlighted role, then use the drop-down menu to select “data” and “drop selected data”). Remember to return to the Setup page and hit submit to ensure that the dataset reflects the 12 original studies (you can see the number of studies in the “meta-analysis Control Panel in the bottom section).
17.  Generate a funnel plot. Does the funnel plot show evidence of publication bias? Cut and paste the funnel plot in your homework.
· To generate a funnel plot, simply go to the Publication Bias button on the left-hand side of the meta-analysis window. There are many options for the graph, but for this HW, just use the pre-selected options.
18. Do the statistical tests (begg’s and egger) suggest evidence of publication bias? Support your conclusions with STATA output.
To perform these statistical tests for publication bias, use the Publication Bias button, and select the 2nd radio button “tests for small study effects in meta-analysis.” Then, use the drop-down menu to calculate both Egger and Begg’s test and copy and paste the results in your HW. Select the fixed effects model. Provide your interpretation of the results of these tests.
Section B: Meta-Analysis of Effect Sizes
Below are results from case-control and cohort studies of postmenopausal estrogen use and endometrial cancer.1 Your primary aim is to determine the risk of endometrial cancer among estrogen users.   

Use the odds ratio or relative risk and 95% confidence intervals from the studies in the table below to answer questions a-c.  








DAILY DOSE

	Author
	Ever-users of estrogen

OR/RR
 (95% CI)
	Estrogen

0.3mg

OR/RR 
(95% CI)
	Estrogen

0.625mg

OR/RR 
(95% CI)
	Estrogen

> 1.25mg

OR/RR
 (95% CI)

	Gray
	2.1 (1.2, 3.5)
	4.1 (0.8, 40.5)
	1.8 (0.7, 4.9)


	12.7 (1.8, 552.3)

	McDonald
	0.9 (0.6, 1.4)
	--
	1.4 (0.3, 5.9)
	7.2 (3.0, 14.9)

	Atunes
	2.4 (1.5, 3.7)
	--
	--
	3.7 (0.8, 16.0)

7.1 (2.8, 18.0)

	Buring
	2.4 (1.7, 3.6)
	--
	--
	3.8 (2.2, 6.6)

	Rubin
	1.9 (1.3, 2.8)
	--
	--
	3.8 (1.7, 8.5)

	Jick
	6.5 (3.1, 13.3)
	4.3 (1.2, 15.6)
	7.1 (2.8, 17.6)
	8.4 (2.0, 36.5)

	Brinton
	3.0 (1.7, 5.1)
	2.8 (0.4, 19.3)
	4.0 (1.6, 9.9)
	2.8 (0.9, 8.6)

	Paganini-Hill
	10 (4.0, 25.1)
	--
	--
	10.8 (3.9, 30.3)


You will probably want to enter this data into Stata in a long format (that is, you will have 4 rows for the Gray study, one for ever-users of estrogen, one for the low-dose users, etc.) Enter the following information (the variable names are arbitrary) or use the dataset that has been provided:
· study

· rr, corresponds to rr or or
· lower, lower  limit of CI
· upper, upper limit of CI
· ever, coded 1 for ever users, otherwise coded 0
· lowdose, coded 1 for 0.3 mg dose, otherwise coded 0
· meddose

· highdose
Note that our data set contains the relative risks and confidence intervals themselves. Thus, we should first log-transform these values as follows:
gen logrr=log(rr)
gen logrr_lower=log(lower)
gen logrr_upper=log(upper)
1. What is the relative risk of endometrial cancer comparing all estrogen users to controls (fixed effects model)? 

Since this dataset presents OR’s and 95% CI’s, you should go to the Setup Button and select the 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). Next, select the button for CI variables and scroll through the drop-down menu to select logrr_lower and logrr_upper. 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 “ever users” as “ever==1”(this will include just the 8 studies of “ever users” of estrogen). Hit Submit. In the Summary tab select the Fixed Effects Model, and using the Options button, remember to select “Report transformed effect sizes” and select “Exponential (exp),” which will generate OR’s (instead of log OR’s). In the Setup window, you can also specify a study label (under Options) as “study.”
2.  Are the results homogeneous? If the studies are not homogenous, what issues related to observational studies may account for the heterogeneity?  
Now, using the fixed effects model, calculate the relative risk for endometrial cancer, comparing low dose estrogen users to controls. For this analysis, simply go back to the Setup button and use the if/in button to specify lowdose==1.
Using similar commands, calculate the relative risk for endometrial cancer, comparing medium dose estrogen users to controls and high dose estrogen users to controls.
3.   Are the results in each of these subgroups (low, medium, high-dose users) homogeneous? Show the results for each subgroup.
4.  Based on these results, what is your conclusion about the data?
Section C: Meta-Analysis of Continuous Data
Note that the meta-analysis window allows for analysis of continuous data as well (first radio button under Setup). If you select this button, you will see that STATA provides boxes to specify the sample size, mean, and SD for the two treatment groups being compared, so your dataset should contain these elements if you are analyzing continuous outcome data. 
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