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FOR COMPARING THE MEANS OF A QUANTITATIVE VARIABLE BETWEEN TWO POPULATIONS
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LEARNING OBJECTIVES
By the end of this practical session, you should be able to:
· understand the results of Student’s t-tests reported in medical research articles
· state the hypotheses of Student’s t-tests
· apply the t-test (Student) for two independent samples with equal variances
· apply the Welch test for two independent samples with unequal variances
· apply the t-test (Student) for dependent / paired samples
· apply a test to compare variances
· interpret the results of the above-mentioned tests using: a) the chosen significance level (alpha) and the p-value, and b) the rejection region (RR) and the test statistic (t)
· understand the relationship between the confidence interval for the difference in means and the result of a Student’s t-test

[bookmark: _Hlk119971792]APPLYING THE T-TEST (STUDENT) TO TWO INDEPENDENT SAMPLES

SCENARIO 1
A study was conducted to compare two bariatric surgery techniques in obese patients with type 2 diabetes mellitus: sleeve gastrectomy (SG) and Magenstrasse & Mill (MM) gastroplasty.
[bookmark: _GoBack]The study was carried out on a random sample of 120 obese adult subjects with type 2 diabetes mellitus (T2DM) who underwent one of the two bariatric surgical procedures. All patients had a BMI > 35 kg/m² and T2DM defined by a glycated hemoglobin (HbA1c) level ≥ 6.5%. Anthropometric data (BMI = body mass index, kg/m²) and laboratory data (HDL = HDL cholesterol; TG = triglycerides) before and one year after surgery were collected in the file LP07_DB_BariatricSurgery.xlsx, in the worksheet named Data.

Study question (Q2): At a 5% significance level, can we state that there is a statistically significant difference between the mean BMI values one year after surgery in obese T2DM patients treated with SG and those treated with MM?
To answer question Q2, we will go through the following steps:
1. Copy from the worksheet named Data to the worksheet named Data_Q2 the variables specified in the statement of question Q2.
2. Import the worksheet named Data_Q2 into JAMOVI.
3. Using JAMOVI, compute the DESCRIPTIVE STATISTICS of the variable BMI_FINAL for each of the two study groups (see the Instructions file).
4. Copy (right-click  Table  Copy) the descriptive statistics results from JAMOVI into the EXCEL worksheet named Test-t-indep.
5. In the same worksheet, decide (based on the descriptive statistics) whether the variable BMI_FINAL follows a Gaussian (normal) distribution in each of the two groups of patients. 
6. Using JAMOVI, also perform a statistical test for the normality of the distribution of BMI_FINAL in each of the two groups (see the Instructions file). 
7. Using JAMOVI, test the equality of the MEANS of the variable BMI_FINAL using the t-test (STUDENT’S test) for 2 independent samples (see the Instructions file). 
8. Copy the table with the Student’s t-test results from JAMOVI (right-click on the table  Table  Copy) into the Excel worksheet named Test-t-indep.
9. Fill in TABLE 1 in the worksheet Test-t-indep (see cell I20).


TESTING THE DIFFERENCE IN MEANS BETWEEN TWO INDEPENDENT SAMPLES using the CONFIDENCE INTERVAL
10. Fill in TABLE 2, found in the worksheet Test-t-indep. 
11. In the same worksheet, Test-t-indep, create in JAMOVI an appropriate plot of the means (95% CI) of the variable BMI_FINAL for the two groups.
APPLYING THE T-TEST (STUDENT) TO TWO DEPENDENT SAMPLES

Study question (Q3): At a 5% significance level, can we state that there is a statistically significant difference between the mean BMI values before surgery and one year after surgery in obese T2DM patients treated with SG?
To answer question Q3, we will go through the following steps:
1. Copy from the worksheet named Data to the worksheet named Data_Q3 the variables specified in the statement of question Q3.
2. Import the worksheet named Data_Q3 into JAMOVI
3. Filter the data to keep only the patients who underwent SG.
4. Using JAMOVI, compute the DESCRIPTIVE STATISTICS of the variable BMI_INITIAL for the group of patients treated with SG.
5. Similarly, compute the DESCRIPTIVE STATISTICS of the variable BMI_FINAL for the group of patients treated with SG.
6.  Copy (using the Table → Copy option) the descriptive statistics results into the EXCEL worksheet named Test-t-dep.
7. In the same worksheet, decide whether the two variables (BMI_INITIAL & BMI_FINAL) follow a normal distribution.
8. Using JAMOVI, test the equality of the MEANS of the initial and final BMI using the t-test (Student) for 2 dependent/paired samples (see the Instructions file). 
9. Copy (using the Table & Copy option) the table with the Student’s t-test results obtained in Jamovi into the Excel worksheet named Test-t-dep.
10. Fill in TABLE 3 in the worksheet Test-t-dep in Excel.
TESTING THE DIFFERENCE IN MEANS BETWEEN TWO DEPENDENT SAMPLES using the CONFIDENCE INTERVAL
11. Fill in TABLE 4 in the worksheet Test-t-dep.
12. In the same worksheet, Test-t-dep, create in JAMOVI an appropriate plot of the means (95% CI) of the variables BMI_Initial and BMI_Final in patients who underwent SG.
SCENARIO 2
A study was conducted to identify potential risk factors for pulmonary embolism (PE) in patients diagnosed with COVID-19 [[footnoteRef:1]]. The clinical characteristics at admission are presented in Table 1, stratified by the absence or presence of pulmonary embolism. [1:  Ameri P, Inciardi RM, Di Pasquale M, Agostoni P, Bellasi A, Camporotondo R et al. Pulmonary embolism in patients with COVID-19: characteristics and outcomes in the Cardio-COVID Italy multicenter study. Clin Res Cardiol. 2021 Jul;110(7):1020-1028. doi: 10.1007/s00392-020-01766-y.] 
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Requirements
1. Create a new folder on the Desktop named Lab07.
Research question (Q1): Looking at the results in TABLE 1 (above), at a 5% significance level, can we state that there is a statistically significant difference between the mean BMI values (BMI = Body Mass Index) of COVID-19 patients who developed PE and COVID-19 patients without PE?
2. To answer the question above (Q1), create a PowerPoint presentation named Interpretation-Results-Student-test-FN, replace FN with your first and last name
3. Choose a design you like. Your presentation must meet the requirements:
· Slide 1: title, author, author’s affiliation
· Slide 2: copy (copy-paste) the table below and fill in your answers.
	WHAT DO WE WANT TO COMPARE?
	Answer 

	The COVID-19 patients included in this study were divided according to:
a) a type of treatment
b) an exposure factor (e.g., sex)
c) a disease
	

	The BMI variable is a: continuous quantitative/discrete quantitative/dichotomous qualitative/nominal qualitative/ordinal qualitative variable
	

	Number of groups assessed: 1, 2 or 3 groups?
	

	Type of groups studied:
a) independent groups (samples)
b) paired (dependent) groups (samples)
	


· Slide 3: copy the table below and fill in your answers:
	CHOOSING THE APPROPRIATE STATISTICAL TEST for Q1
	Answer 

	The parameters tested to identify differences in BMI are: Means/Medians/Frequencies
	

	The appropriate statistical test is:
a) t-test (Student) for independent groups 
b) t-test (Student) for dependent/paired groups
c) F-test (Fisher) for independent groups
	


· Slide 4: copy (copy-paste) the table below and fill in your answers.
	STATING THE HYPOTHESES OF THE APPROPRIATE STATISTICAL TEST for Q1
	Answer 

	Which of the following hypotheses is the null hypothesis associated with the research question?
a) There is no statistically significant difference between the mean BMI of the two subpopulations of COVID-19 patients (those with PE and those without PE).
b) There is no statistically significant difference between the mean BMI values of the two samples of COVID-19 patients (the group of COVID-19 patients with PE and the group without PE).
c) There is no statistically significant difference between the median BMI values of the two subpopulations of COVID-19 patients (those with PE and those without PE).
d) There is no statistically significant difference between the BMI frequencies of COVID-19 patients with PE and those without PE (here we are referring to the two subpopulations).
	



· Slide 5: copy (copy-paste) the table below and fill in your answers.
	INTERPRETING THE RESULTS OF THE APPROPRIATE STATISTICAL TEST for Q1
	Answer 

	Given the significance level α = 0.05, choose the correct interpretation of the p-value (from Table 1) of the test that compared the mean BMI values of the two populations:
a) If p < 0.05 → we reject the null hypothesis (H0)  →  the evidence supports the alternative hypothesis (H1): There is a statistically significant difference between the mean BMI values of the two subpopulations of COVID-19 patients (those with PE and those without PE).
b) If p ≥ 0.05 → the null hypothesis (H0) is not rejected → We do not have enough evidence to conclude that there is a statistically significant difference between the mean BMI values of COVID-19 patients with PE and those without PE.
	




Review problem
Consider the same database as in Scenario 1.
1. At a 5% significance level, can we state that there is a statistically significant difference between the mean ages of obese T2DM patients treated with SG and those treated with MM? Answer the question by performing an appropriate statistical test in JAMOVI, then copy the results table into a new Excel worksheet of the same database.
2. At a 5% significance level, is there a statistically significant difference between the variances of TG one year after surgery in obese T2DM patients treated with SG and those treated with MM? Answer the question by performing an appropriate statistical test in JAMOVI, then copy the results table into a new Excel worksheet of the same database.
3. At a 5% significance level, is there a statistically significant difference between the mean TG values one year after surgery in obese T2DM patients treated with SG and those treated with MM? Answer the question by performing an appropriate statistical test in JAMOVI and copy the results table into a new Excel worksheet of the same database.
4. Create in EXCEL a box-and-whisker plot of the distribution of TG values one year after surgery in obese T2DM patients treated with SG and those treated with MM.
5.  At a 5% significance level, is there a statistically significant difference between the mean TG values before and one year after surgery in obese T2DM patients treated with SG? Answer the question by performing an appropriate statistical test in JAMOVI and copy the results table into a new Excel worksheet of the same database 
6. Create in EXCEL a chart showing the distribution of obese T2DM patients by sex and type of surgery.

ONLINE EDUCATIONAL RESOURCES
Using the Data Analysis ToolPak for complex data analysis
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Table 1 Baseline characteristics
of the study population,
stratified by occurrence of
pulmonary embolism

All (n=689) No PE (n=637) PE (n=52) P value
Age (years) 673132 6762134 6382106 004
487(604) 437686 ALO88) 012
BMI (ke/m?) 272253 27452 20663 0003
Ever smoker 159G 51277) 5(156) 020
Hypertension 398 (56.9) 364(57.6) 2548.1) 018
Dyslipidaemia 188.27.5) 17527.7) 1325.0) 074
Diabetes 15723) 144(228) 1325.0) 072
Heart failure 92(135) 90(142) 208 004
Atrial fibrillation 105 (15.4) 102(16.1) 368) 005
Coronary artery disease 143 (20.9) 137217) 6(115) 008
CoPD 6798) 64(10.1) 368) 031
Chronic kidney disease 127(186) 123(195) 47) 004
ACEV/ARB therapy 133 (206) 123206) 10200) 091
Oral anticoagulant therapy 90 (14.1) 79(135) 1@16) o1
Direct oral anticoagulant 474) 40(638) 7037) 007
Vitamin K antagonist 48(15) 43013) 508) 052
Statin therapy 176 27.2) 165(21.7) 1@16) 035
Fever (2375 °C) 440 (64.1) 408 (64.3) 32627 083
Respiratory rate > 22/min 279 (520) 253(508) 2666.7) 006
SBP (mmHg) 12962215 12072214 12022224 089
Heart rate (bpm) 866181 8632182 9072159 009
Oxygen saturation (%) 905276 908272 86.6210.1 <0001
LV cjection fraction (%) 525113 5212117 553484 012

Data are shown as count (%), mean SD or median (interquartile range)

BMI body mass index, COPD chronic obstructive pulmonary disease, ACEi angiotensin-converting enzyme

inhibitor, ARB angiotensin receptor blocker, SBP systolic blood pressure, LV left ventricular





