Biostatistics module

We will consider throughout the following research hypothesis:

Exposure to respirable dust in coal mining is associated with diminished lung function.

Exercise 1:  Design a study using your assigned research design to address this question.   Concentrate on the following points: 

· Consider the strengths and weaknesses of the study design as they relate to the hypothesis.
· How would you select the participants (inclusion and exclusion criteria)?
· What is the outcome of the study and when and how it is to be measured?

· What is the exposure in the study and how and when is it to be measured?

· What do you think are appropriate effect measures? 

· Are there any potential sources of bias in the study?

We will consider (fictitious) data from a cross-sectional study of a sample of current and former miners from a selected coal mine. Each miner was given a lung function test to assess FEV1 and asked to complete a questionnaire.

Exercise 2: 

a. Discuss the advantages and disadvantages of this study design in terms of its ability to address the research hypothesis. In particular consider:

· The population to which results would be generalisable;
· directionality (exposure preceding effect);
· factors which might be associated with exposure and lung function.  (Why might this be relevant?)
b. Familiarise yourselves with the questionnaire. Are there other questions that you feel it would have been important to ask?  Are there questions that you feel were irrelevant?
 A: The following is a sample of FEV1 measurements, expressed as percent predicted, from 30 workers from the selected mine:
73.74
80.81
82.91
86.19
91.80
91.96
92.15
95.03
96.73
100.43 101.55
105.02 105.52 108.17 110.38 110.90 111.62
113.16 114.92 115.31 117.23
118.93 118.95 118.96 119.58 123.24 125.97
128.00 131.98 133.97
Exercise 3: Review the various graphical and numerical summaries of this sample provided below. In particular, consider:

· their interpretation

· how best to summarise the information from this sample.
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Mean           107.53

Std. Dev.      15.72
Minimum
    73.74

25%             94.31
50%
          110.64
75%
          118.96
Maximum         133.97
B: The following is a sample of FEV1 measurements, expressed as percent predicted, from 100 workers from the selected mine:
70.94

73.29

79.48

81.23

83.41

83.52

84.32

85.60

85.83

88.46

88.61

89.72

90.54

91.44

91.94

92.23

92.32

92.92

94.38

97.56

97.57

98.09

98.2

98.29

98.3

98.84

99.37

99.72

100.2

100.52 

100.90
101.50
101.59
102.09
102.17
103.00
103.22
103.26
103.74
104.06
104.14
104.45
104.49
104.61
104.8

104.86
105.37
105.74
105.98
106.25
106.75
107.14
107.53
107.84
108.34
108.71
108.79
109.04
109.28
109.62
109.63
110.01
111.52
111.59
111.6

111.91
112.5

112.51
113.25
113.29
113.95
114.85
115.96
116.19
116.31
116.7

116.81
116.94
117.14
118.36
120.46
122.03
122.64
122.68
122.79
122.99
124.24
124.99
126.04
126.61
126.62
127.03
127.1

130.39
132.39
132.42
132.5  
135.54
135.87
140.28
Exercise 3: Review the various graphical and numerical summaries of this sample provided below. In particular, consider:

· their interpretation

· how best to summarise the information from this sample.
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Mean           107.23

Std. Dev.      14.30
Minimum
    70.94
25%             98.43
50%
          106.50

75%
          116.60

Maximum         140.28
C: The following is a sample of FEV1 measurements, expressed as percent predicted, from 30 workers from the selected mine:
70.53

72.99

76.41

79.89

82.33

86.62

87.86

89.61

89.94

93.50

97.15

99.19

100.36
100.54
102.08
103.35
104.03
104.07
104.90
105.71
109.53
112.14
115.20
116.54
119.75
121.89
123.62
125.32
125.78
128.19
Exercise 3: Review the various graphical and numerical summaries of this sample provided below. In particular, consider:

· their interpretation

· how best to summarise the information from this sample.
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Mean           101.63
Std. Dev.      16.35
Minimum
    70.53
25%             89.17
50%
          102.71
75%
          115.54
Maximum         128.19
D: The following is a sample of FEV1 measurements, expressed as percent predicted, from 100 workers from the selected mine.

63.65

67.35

73.28

74.62

75.18

77.02

77.40

77.74

79.86

81.01

82.22

82.47

83.35

84.31

85.92

86.21

86.41

86.49

86.52

87.22

88.06

89.20

89.84

90.20

90.29

90.85

90.87

91.28

91.50

92.30

93.30

93.54

93.84

94.03

94.41

94.93

96.68

97.02

97.62

97.64

97.93

97.98

98.69

99.89

100.02
100.65
100.77
100.80
101.53
101.81
101.99
102.02
102.18
102.34
102.64
103.37
103.99
104.05
104.77
104.98
105.80
106.02
106.04
106.30
106.55
106.97
107.18
107.45
109.29
109.35
109.41
109.57
109.99
110.37
110.69
111.45
112.22
115.29
115.52
115.55
116.13
116.37
116.43
116.61
118.12
120.15
121.42
121.46
122.36
125.14
125.77
128.47
130.25
131.37
132.28
132.54
133.24
134.70
135.86
141.64
Exercise 3: Review the various graphical and numerical summaries of this sample provided below. In particular, consider:

· their interpretation

· how best to summarise the information from this sample.
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Mean           101.99
Std. Dev.      16.36
Minimum
    63.65
25%             90.43
50%
          101.90
75%
          111.26
Maximum         141.64

Exercise 4: Discuss possible reasons for the differences between the four samples 
A: Exercise 5:  Review the further summary statistics associated with the sample. In particular discuss whether they agree with what you would expect from any knowledge that you might have of this setting.  Are there other summary measures that you would have liked to see?
    Variable |       Obs        Mean    Std. Dev.       Min        Max

-------------+--------------------------------------------------------

         age |        30        38.8    10.28692         26         74

      height |        30    168.5667    7.084141        153        184

      weight |        30       67.54    13.86704       44.5        105

     cgh_yrs |        30         1.5    3.319223          0         17

     phl_yrs |        30         1.3    3.249934          0         17

    currsmyr |        30    4.866667    5.685634          0         22

      packyr |        30        2.79     3.64371          0         14

    cumdusty |        30    10.04067    3.678682       3.16      14.93

   MARRIAGE |      Freq.     Percent            WHEEZE |      Freq.     Percent       
------------+-------------------------------       ----+-------------------------
          1 |         22       73.33                 0 |         21       70.00    
          2 |          1        3.33                 1 |          9       30.00      
          5 |          7       23.33            -------+--------------------------
------------+----------------------------        Total |         30      100.00

      Total |         30      100.00

   CIGRETTE |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |          9       30.00       30.00

          1 |         21       70.00      100.00

------------+-----------------------------------

      Total |         30      100.00

   CGRT_NOW |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |          2        6.67        6.67

          1 |         19       63.33       70.00

          9 |          9       30.00      100.00

------------+-----------------------------------

      Total |         30      100.00

         TB |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         29       96.67       96.67

          1 |          1        3.33      100.00

------------+-----------------------------------

      Total |         30      100.00
    COALJOB |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         16       53.33       53.33

          1 |         14       46.67      100.00

------------+-----------------------------------

      Total |         30      100.00

B: Exercise 5:  Review the further summary statistics associated with the sample. In particular discuss whether they agree with what you would expect from any knowledge that you might have of this setting. Are there other summary measures that you would have liked to see?

    Variable |       Obs        Mean    Std. Dev.       Min        Max

-------------+--------------------------------------------------------

         age |       100       38.89    8.665379         21         60

      height |       100      168.91    7.002301        148        185

      weight |       100      67.923    12.49303         47        112

     cgh_yrs |       100        1.14     2.15566          0         10

     phl_yrs |       100        1.02    2.079141          0         10

    currsmyr |       100        6.64    8.933559          0         38

      packyr |       100      3.1125    4.191908          0      24.35

    cumdusty |       100      9.2591    3.521498        .62      14.88

   MARRIAGE |      Freq.     Percent            WHEEZE |      Freq.     Percent      
------------+----------------------------    ----------+--------------------------
          1 |         66       66.00                 0 |         73       73.00      
          2 |          1        1.00                 1 |         27       27.00      
          3 |          4        4.00         ----------+--------------------------
          5 |         29       29.00             Total |        100      100.00

------------+----------------------------
      Total |        100      100.00

   CIGRETTE |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         31       31.00       31.00

          1 |         69       69.00      100.00

------------+-----------------------------------

      Total |        100      100.00

   CGRT_NOW |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         11       11.00       11.00

          1 |         58       58.00       69.00

          9 |         31       31.00      100.00

------------+-----------------------------------

      Total |        100      100.00

         TB |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         96       96.00       96.00

          1 |          4        4.00      100.00

------------+-----------------------------------

      Total |        100      100.00
    COALJOB |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         38       38.00       38.00

          1 |         62       62.00      100.00

------------+-----------------------------------

      Total |        100      100.00

C: Exercise 5:  Review the further summary statistics associated with the sample. In particular discuss whether they are in line with what you would expect from any knowledge that you might have of this setting.  Are there other summary measures that you would have liked to see?

    Variable |       Obs        Mean    Std. Dev.       Min        Max

-------------+--------------------------------------------------------

         age |        30    45.16667    6.716338         34         61

      height |        30    167.9667    6.708118        155        181

      weight |        30    72.55667    10.40267       52.9         97

     cgh_yrs |        30    .2666667    .9444332          0          5

     phl_yrs |        30           1     3.72318          0         20

    currsmyr |        30         3.2    7.136115          0         29

      packyr |        30    2.621667    3.768396          0         12

    cumdusty |        30    136.5233    36.31453      85.93     235.94

   MARRIAGE |      Freq.     Percent               WHEEZE |      Freq.     Percent     
------------+----------------------------     ------------+-----------------------
          1 |         29       96.67                    0 |         29       96.67       
          5 |          1        3.33                    1 |          1        3.33      
------------+----------------------------      -----------+-----------------------
      Total |         30      100.00                Total |         30      100.00

   CIGRETTE |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         15       50.00       50.00

          1 |         15       50.00      100.00

------------+-----------------------------------

      Total |         30      100.00

   CGRT_NOW |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |          9       30.00       30.00

          1 |          6       20.00       50.00

          9 |         15       50.00      100.00

------------+-----------------------------------

      Total |         30      100.00

         TB |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         30      100.00      100.00

------------+-----------------------------------

      Total |         30      100.00

    COALJOB |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |          1        3.33        3.33

          1 |         29       96.67      100.00

------------+-----------------------------------

      Total |         30      100.00

D: Exercise 5:  Review the further summary statistics associated with the sample. In particular discuss whether they are in line with what you would expect from any knowledge that you might have of this population. Are there other summary measures that you would have liked to see?

    Variable |       Obs        Mean    Std. Dev.       Min        Max

-------------+--------------------------------------------------------

         age |       100       45.54    6.423473         34         59

      height |       100      171.39    6.805961        154        195

      weight |       100      73.142    10.62088         45        100

     cgh_yrs |       100         .42    1.319473          0          8

     phl_yrs |       100         .54    1.290368          0          7

    currsmyr |       100        3.97    7.394313          0         30

      packyr |       100      2.5525    4.355992          0         22

    cumdusty |       100    127.5454     36.9791       85.5      258.7
   MARRIAGE |      Freq.     Percent            WHEEZE |      Freq.     Percent     
------------+----------------------------     ---------+--------------------------

          1 |         97       97.00                 0 |         96       96.00      
          2 |          1        1.00                 1 |          4        4.00      
          3 |          1        1.00          ---------+--------------------------
          5 |          1        1.00             Total |        100      100.00

------------+----------------------------
      Total |        100      100.00

   CIGRETTE |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         54       54.00       54.00

          1 |         46       46.00      100.00

------------+-----------------------------------

      Total |        100      100.00

   CGRT_NOW |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         17       17.00       17.00

          1 |         29       29.00       46.00

          9 |         54       54.00      100.00

------------+-----------------------------------

      Total |        100      100.00

         TB |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         97       97.00       97.00

          1 |          3        3.00      100.00

------------+-----------------------------------

      Total |        100      100.00

    COALJOB |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |          3        3.00        3.00

          1 |         97       97.00      100.00

------------+--------------------------- 
      Total |        100      100.00

The normal (Gaussian) distribution
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· The basis of many statistical procedures

· The standard normal has mean (average) equal to zero and SD equal to one
· Any variable can be standardized by subtracting its mean (average) and dividing by its standard deviation

· 68% of normal observations will lie within 1SD of the mean

· 95% of normal observations will lie within 2SD of the mean

· The Central Limit Theorem is a result that guarantees that many statistics will be normal for large enough samples

The distribution of the sample average
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· The distribution of the sample mean will be normal, for large enough sample size, regardless of the shape of the population distribution.

· The SD of the mean (average) is the SD in the population divided by 
[image: image13.wmf]n

 where n is the sample size.
· The SD of the mean is called the standard error (SE) of the mean to distinguish it from the standard deviation of the population.

Consider the following population distribution:
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· The larger the sample, the more precise the associated estimates 
· The smaller the population variability, the more precise the associated estimates for any given sample size

Exercise 6: Assume that percent predicted FEV1 in a certain population is normally distributed with mean =100 and SD=15. Consider the following questions:
· Explain in words what is meant by “normally distributed with mean =100 and SD=15”.

· What fraction of individuals from this population have percent predicted FEV1 greater than 115%? Greater than 130%? Less than 85%?

· A sample of size 25 is taken from this population. What can you say about the distribution of means of samples of this size?

· How often would the mean percent predicted FEV1 from a sample of size 25 from this population be less than 94%?
· How large a sample would you need to draw from this population to be 95% sure that the sample mean will lie between 99% and 101%?

Comparison of two groups
A,C:  Exercise 7: Below is a graphical display of the distribution of percent predicted FEV1 in two samples, each of size 30, the first with low dust exposure and the second with high exposure.
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· What summary statistic(s) might you use to evaluate the effect of exposure on FEV1?
· Use the information on Pages 3 & 5 to supplement a discussion towards an evaluation of the research hypothesis:

Exposure to respirable dust in coal mining is associated with diminished lung function.

B,D:  Exercise 7: Below is a graphical display of the distribution of percent predicted FEV1 in two samples, each of size 100, the first with low dust exposure and the second with high exposure.
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· What summary statistic(s) might you use to evaluate the effect of exposure on FEV1?
· Use the information on Pages 4 & 6 to supplement a discussion towards an evaluation of the research hypothesis:

Exposure to respirable dust in coal mining is associated with diminished lung function.

Hypothesis testing
Statistical terminology:
· Null hypothesis

· Alternative hypothesis

· Type I error

· Type II error

· Power

Carrying out a statistical test involves:

· Formulating null and alternative hypotheses

· Calculating a test statistic which summarises the effect of interest

· Evaluating how “typical” a value the test statistic is, under the null hypothesis. 

Exposure to respirable dust in coal mining is associated with diminished lung function.

Assume that two samples of FEV1 measurements are available, from a low versus high exposed group of miners. 

· One might consider basing the evaluation of the effect of dust exposure on the difference in mean FEV1 between the two samples. 

· If the null hypothesis of no effect of exposure is correct, the difference in means should be close to zero.
How does one judge “close to zero”? This depends on the variability in the two populations (low exposed and high exposed miners) and on the sizes of the samples.

· The SE of the difference in means is the squareroot of the sum of their respective SE2.
· Remember that the SE of the sample mean is the SD in the population, divided by the squareroot of the sample size.

· The standardized difference in means is a test statistic that can be compared to standard normal (or Student’s t) values.
“Non-parametric” tests avoid making parametric distributional assumptions (e.g. normality). 

Many non-parametric tests are based on comparison of the ranks of the observations, rather than the observations themselves. 
Exercise 8: Return to the data that you considered in Exercise 7. Using the information provided above, attempt to test for an effect of exposure on FEV1.
A,C: Exercise 9: Discuss and interpret the following results of formal hypothesis tests comparing percent predicted FEV1 in the low and high exposed populations. 
Two-sample t test 

------------------------------------------------------------------------------

   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]

---------+--------------------------------------------------------------------

     LOW |      30    107.5345    2.870701    15.72348    101.6632    113.4057

    HIGH |      30    101.6345    2.985467    16.35208    95.52857    107.7405

---------+--------------------------------------------------------------------

combined |      60    104.5845     2.08885    16.18016    100.4047    108.7643

---------+--------------------------------------------------------------------

    diff |            5.899928    4.141731               -2.390647     14.1905

------------------------------------------------------------------------------

Degrees of freedom: 58

                    Ho: mean(LOW) - mean(HIGH) = diff = 0

     Ha: diff < 0               Ha: diff != 0              Ha: diff > 0

       t =   1.4245                t =   1.4245              t =   1.4245

   P < t =   0.9202          P > |t| =   0.1597          P > t =   0.0798
Two-sample Wilcoxon rank-sum (Mann-Whitney) test

        samp |      obs    rank sum    expected

-------------+---------------------------------

         LOW |       30        1008         915

        HIGH |       30         822         915

-------------+---------------------------------

    combined |       60        1830        1830

unadjusted variance     4575.00

adjustment for ties        0.00

                     ----------

adjusted variance       4575.00

Ho: fev1(LOW) = fev1(HIGH)

             z =   1.375

    Prob > |z| =   0.1691

B,D: Exercise 9: Discuss and interpret the following results of formal hypothesis tests comparing percent percent predicted FEV1 in the low and high exposed populations. 

Two-sample t test
------------------------------------------------------------------------------

   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]

---------+--------------------------------------------------------------------

     LOW |     100    107.2276    1.430127    14.30127    104.3899    110.0653

    HIGH |     100    101.9937    1.636113    16.36113    98.74727    105.2401

---------+--------------------------------------------------------------------

combined |     200    104.6107    1.099552    15.55002    102.4424    106.7789

---------+--------------------------------------------------------------------

    diff |            5.233952    2.173046                .9486673    9.519237

------------------------------------------------------------------------------

Degrees of freedom: 198

                    Ho: mean(LOW) - mean(HIGH) = diff = 0

     Ha: diff < 0               Ha: diff != 0              Ha: diff > 0

       t =   2.4086                t =   2.4086              t =   2.4086

   P < t =   0.9915          P > |t| =   0.0169          P > t =   0.0085
Two-sample Wilcoxon rank-sum (Mann-Whitney) test

        samp |      obs    rank sum    expected

-------------+---------------------------------

         LOW |      100       11085       10050

        HIGH |      100        9015       10050

-------------+---------------------------------

    combined |      200       20100       20100

Ho: fev1(LOW) = fev1(HIGH)

             z =   2.529

    Prob > |z| =   0.0114

Exercise 10: Discuss similarities and differences between the comparisons of samples A and C vs B and D.
Analysis of 2x2 tables
“There has never been an important epidemiologic observation that could not be clearly presented in a few tables of raw data …. Often a single 2x2 or 2xk table captures a result, sometimes stratification by an important confounder is needed, seldom is anything more complex required.”
AM Walker (1986) Reporting results of epidemiologic studies. Am J Public Health, 76, 556-558.
A,C: Exercise 11: Discuss the contents of the Table below as they relate to the association between dust exposure and lung function. In particular:
· What proportion of those with low exposure have poorer lung function?

· What proportion of those with high exposure have poorer lung function?

· How might you compare these values to assess an exposure effect?

· How do these results relate to those in Exercise 9?

  EXPOSURE
           |          

   fev1    |     LOW       HIGH   |     Total

-----------+----------------------+----------

  >=90%    |        26         21 |        47 

   <90%    |         4          9 |        13 

-----------+----------------------+----------

     Total |        30         30 |        60
Analysis of 2x2 tables
“There has never been an important epidemiologic observation that could not be clearly presented in a few tables of raw data …. Often a single 2x2 or 2xk table captures a result, sometimes stratification by an important confounder is needed, seldom is anything more complex required.”

AM Walker (1986) Reporting results of epidemiologic studies. Am J Public Health, 76, 556-558.
B,D:  Exercise 11: Discuss the contents of the Table below as they relate to the association between dust exposure and lung function. In particular:

· What proportion of those with low exposure have poorer lung function?

· What proportion of those with high exposure have poorer lung function?

· How might you compare these values to assess an exposure effect?

· How do these results relate to those in Exercise 9?

EXPOSURE
           |          

   fev1    |     LOW       HIGH   |     Total

-----------+----------------------+----------

  >=90%    |        88         77 |       165 

   <90%    |        12         23 |        35 

-----------+----------------------+----------

     Total |       100        100 |       200

A,C: Exercise 12: Discuss and interpret the results in the following tables:




EXPOSURE
   fev1    |     LOW       HIGH   |     Total

-----------+----------------------+----------

  >=90%    |        26         21 |        47 

           |     86.67      70.00 |     78.33 

-----------+----------------------+----------

   <90%    |         4          9 |        13 

           |     13.33      30.00 |     21.67 

-----------+----------------------+----------

     Total |        30         30 |        60 

           |    100.00     100.00 |    100.00
                 |        EXPOSURE        |

       fev1      |      HIGH         LOW  |     Total

-----------------+------------------------+----------

         <90%    |         9           4  |        13

        >=90%    |        21          26  |        47

-----------------+------------------------+----------

           Total |        30          30  |        60

                 |                        |

            Risk |        .3    .1333333  |  .2166667

                 |                        |

                 |      Point estimate    |  [95% Conf. Interval]

                 |------------------------+----------------------

 Risk difference |         .1666667       | -.0375071    .3708405  

      Risk ratio |             2.25       |  .7767786    6.517301  

                  +-----------------------------------------------

                             chi2(1) =     2.45  Pr>chi2 = 0.1172

     |        EXPOSURE        |              Proportion

        fev1     |      HIGH         LOW  |     Total     Exposed

-----------------+------------------------+----------------------

         <90%    |         9           4  |        13      0.6923

        >=90%    |        21          26  |        47      0.4468

-----------------+------------------------+----------------------

           Total |        30          30  |        60      0.5000

                 |                        |

                 |      Point estimate    |  [95% Conf. Interval]

                 |------------------------+----------------------

      Odds ratio |         2.785714       |  .6497243    13.94424  (exact)

                 +-----------------------------------------------

                             chi2(1) =     2.45  Pr>chi2 = 0.1172
B,D: Exercise 12: Discuss and interpret the results in the following tables:

                 |        EXPOSURE        |

        fev1     |     HIGH        LOW    |     Total

-----------------+------------------------+----------

           <90%  |        23          12  |        35

          >=90%  |        77          88  |       165

-----------------+------------------------+----------

           Total |       100         100  |       200

                 |                        |

            Risk |       .23         .12  |      .175

                 |                        |

                 |      Point estimate    |  [95% Conf. Interval]

                 |------------------------+----------------------

 Risk difference |              .11       |  .0057896    .2142104  

      Risk ratio |         1.916667       |  1.010082    3.636944  

                 +-----------------------------------------------

                             chi2(1) =     4.19  Pr>chi2 = 0.0407

                              EXPOSURE                    Proportion

          fev1   |      HIGH         LOW  |     Total     Exposed

-----------------+------------------------+----------------------

          <90%   |        23          12  |        35      0.6571

          >=90%  |        77          88  |       165      0.4667

-----------------+------------------------+----------------------

           Total |       100         100  |       200      0.5000

                 |                        |

                 |      Point estimate    |  [95% Conf. Interval]

                 |------------------------+----------------------

      Odds ratio |         2.190476       |  1.033008     4.63731  
                 +-----------------------------------------------

                             chi2(1) =     4.19  Pr>chi2 = 0.0407
Linear regression
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mean(Outcome) = a + b Exposure
· The slope coefficient, b, represents the expected change in Outcome (Y) for a 1 unit increase in Exposure.

· R2, the square of the correlation between Y and Exposure, can be interpreted as the fraction of the variation in Y that has been “explained” by the regression

Multivariable regression:

mean(Outcome) = a + b Exposure + cX2 + dX3
· The slope coefficient, b, represents the expected change in Y for a 1 unit increase in Exposure, all other factors being held constant.

· R2, the coefficient of determination, can again be interpreted as the fraction of the variation in Y that has been “explained” by the regression.

Exercise 13: Discuss and interpret the linear regression results below. In particular:
· Interpret the estimated coefficients and relate them to the graph.
· Discuss how the results relate to those of Exercises 9 & 12.
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Correlation :
             |  fev1pp  Exposure
-------------+------------------

     fev1pp  |   1.0000

   Exposure  |  -0.1658   1.0000

Linear regression:

Number of obs =     453

Root MSE      =  14.815

R-squared     =  0.0268

------------------------------------------------------------------------------

     fev1pp  |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

   Exposure  |  -.0430658   .0122271    -3.52   0.000    -.0670949   -.0190366

       _cons |   106.8576   1.021967   104.56   0.000     104.8491     108.866

------------------------------------------------------------------------------

Exercise 14: Discuss the following multivariable regression results. In particular consider:
· Interpretation of  the coefficients

· Whether the additional covariates are confounders in the exposure-lung function association.

Number of obs =     450

Root MSE      =  14.125

R-squared     =  0.1010

------------------------------------------------------------------------------

     fev1pp  |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    Exposure |  -.0386896   .0125687    -3.08   0.002    -.0633913   -.0139879

          tb |  -4.841543   3.865732    -1.25   0.211      -12.439     2.75591

         age |  -.1257058   .0854787    -1.47   0.142    -.2936999    .0422884

     cgh_yrs |   .0439782   .5461611     0.08   0.936     -1.02941    1.117367

     phl_yrs |   .4655237   .5005081     0.93   0.353    -.5181414    1.449189

      packyr |  -.7671362   .1468204    -5.22   0.000    -1.055687   -.4785852

       _cons |   113.0287   3.487539    32.41   0.000     106.1745    119.8829

------------------------------------------------------------------------------

Power and sample size

Exercise 15: Discuss factors which will impact on the power of a study to detect true differences in outcome.
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