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Abstract

Asthma is a non-commutable disease characterised by recurrent breathing difficulties [30]. Presently there is
no cure for asthma, however treatments are available that can help reduce or prevent its symptoms [17]. In this
study we investigate the efficacy of two such treatments, Formoterol and Salbutamol. An Analysis of Covariance
is used to compare response PEF in patients to determine whether efficacy differs between the two treatments,
whilst adjusting for baseline imbalance [2] [20]. A non-significant result for treatment group provides no evidence
of a difference in the efficacy of the two treatments. This supports previous studies [23] [19] [26]. We do, however,
raise issues with the design of the trial, particularly concerning sample size, and suggest that further research
should be conducted with certain methodological improvements and a more thorough approach to trial design.

1. Introduction

Asthma is a chronic respitory disease affecting an individuals airways [30] [6]. It is characterised by attacks of
breathlessness and wheezing [30] [17], with symptoms varying in both frequency and severity between individuals.
Asthma occurs globally [8] [1] [30] and it is estimated to affect 235 [30] to 300 [15] million people. The World Health
Organisation estimates that there were 383,000 deaths due to asthma in 2015 [30], with many deaths being
preventable [15].

Simple breathing tests, combined with the knowledge of a patients symptoms, can be used to diagnose
asthma. There are, however, differences in diagnosing a child and diagnosing an adult [5] [14]. There are many
tests to aid in diagnosing asthma [18] [5] [4], however, no one test can definitively conclude that a patient has
asthma [5]. Using a combination of tests and patient knowledge, it can be deduced whether treatment can help
to reduce patient symptoms. For adults, the peak expiratory flow (PEF) test measures lung function [18] [5].
Patients exhale as hard and as fast as they can into a small device called a peak flow meter, and the PEF
value is recorded [18] [5]. PEF is the maximum air exhaled with maximal force starting with maximal lung
inflation [5] [18] [21].

Although there is currently no cure for asthma there are many treatments that can help control the symp-
toms [17] [6] [30]. Inhalers are the main delivery device of the treatments, which are designed to either relieve
symptoms for a short time, or to prevent the symptoms occurring [17] [30] [3].

In this study we investigated the efficacy of two types of treatment for asthma, Formoterol and Salbutamol,
and aimed to establish if one was better than the other at reducing the symptoms of asthma. They are both
long lasting treatments that aim to prevent the symptoms of asthma [23] [19]. Previous research has found no
difference in the efficacy of the two treatments [23] [19] [26]. This trial utilised the PEF test, where PEF was
measured in litres of air per minute. We used clinical trial data of PEF readings taken before and after the
application of treatments to two groups of patients, and used adjusted analysis methods to access whether any
difference in efficacy exists between the treatments. We used Analysis of Covariance in order to account for the
difference in baseline PEF readings between the two groups [28] [2].

2. Methods

A randomised trial was conducted to compare the efficacy of two treatments for Asthma, “Salbutamol” and
“Formoterol”. The variables included; “Gender” (Male or Female), “Treatment” (Formoterol or Salbutomol),
“Baseline PEF” (Peak expiratory flow rate before treatment), “Response PEF” (Peak expiratory flow rate taken
8 hours after patients received a single dose of a randomly assigned treatment), and “Age” (in years). Peak
expiratory flow was measured in litres of air per minute.

The study consisted of 17 patients being treated for Asthma using one of the two treatments. Treatments
were assigned to each patient using simple randomisation [13], with a probability of 50% of receiving either
Salbutamol or Formoterol. There were 9 patients treated with Salbutamol and 8 treated with Formoterol.
Across all groups patients’ age ranged from 26 to 48 years.

In baseline/response clinical trials such as this, statistical comparisons can be made in several ways. If
we wished to perform an unadjusted test (which should be our main focus in most scenarios [2] [20]), we could
either compare the response variable scores between treatment groups, or we could compute a change score and
compare change scores between groups [28]. Change scores, in the case of our data, are calculated by subtracting
the baseline score from the response score [28]. However, if by chance the first treatment group has baseline scores
that are higher than the second treatment group, the effectiveness of the treatment will be underestimated by
comparing the response scores, and overestimated by comparing the change scores [28]. This is because baseline
scores are negatively correlated with change scores [28]. In the context of our data, this is because patients
with low baseline PEF scores (relative to the sample population) will usually improve more than those higher
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baseline PEF scores, simply because they have greater potential to improve [28]. This is known as regression to
the mean [9] [10].

An alternative approach is to use Analysis of Covariance (ANCOVA). Analysis of Covariance is unaffected by
baseline imbalance between groups, thus it gives the same unbiased [25] estimate for treatment affect regardless
of if baseline imbalance is present or not [28]. It has been suggested that ANCOVA should be the default
significance test for baseline/response data regardless of whether there is an imbalance in baselines [25] [24] [2] [20].
From Figure 2a and 2b respectively, we can see that there is a difference in the baseline scores of the two
treatment groups, and that the baseline scores a negatively correlated with change scores, confirming that for
this data it is most appropriate to us Analysis of Covariance.

Analysis of Covariance is a regression method [28]. We wish fit to a linear regression model to the data with
the following form:

(1) Response PEF = β0 + β1 ∗ Baseline PEF + β2 ∗ Treatment,

where Treatment =

{
0, if the patient receives Formoterol and,

1, if the patient receives Salbutamol.

The intercept is denoted by β0, and β1 and β2 are estimated coefficients. The coefficient β2 can be seen
as representing the estimate of the difference between the two treatment groups [28]. The effect of Analysis of
Covariance is to adjust each patients Response PEF score for their Baseline PEF score. An additional benefit
of ANCOVA is that it has higher statistical power than the other types of analysis we have mentioned [27]. All
analyses were done in R [22] version 3.4.2, and some made use of the function Ancova() from the car [12] package.

Assumptions of ANCOVA. Analysis of Covariance has a set of assumptions [11] that must be satisfied for
the results of the analysis to be valid.

(i) Normally distributed data within groups.
(ii) Homogeneity of variance.
(iii) Interval Data.
(iv) Independent observations.
(v) The covariate(s) is independent of the treatment effect.

(vi) Homogeneity of regression slopes.

Outliers. We test for outliers with the equation that is used by geom boxplot() in the R package ggplot2 [29].
An observation is treated as an outlier if its value is greater than 1.5 times the 75th quantile of the data or less
than 1.5 times the 25th quantile of the data.

From Figure 1 we can see that there exists one outlier in the Salbutomol treatment group. We have chosen
to remove this observation from our analysis due the extremely low Response PEF score.
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Summary statistics and outliers for the two treatment groups

Figure 1. Box-plots of the two treatment groups. The centre lines are the medians, the outer edges of
the boxes are the 25th and 75th percentiles, the whiskers extend to the largest values within 1.5 times the
interquartile range (IQR). Any points beyond 1.5 times the IQR are outliers and are denoted separately using
a point.

3. Results

Testing the assumptions of ANCOVA. As previously mentioned, Analysis of Covariance has certain as-
sumptions that must be satisfied in order for the our statistical inferences to be valid. We will now prove that
these assumptions are satisfied for the data in this trial.
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(i) Normally distributed distributed data within groups. We can check the first assumption of Analysis of Covari-
ance in multiple ways. We first use a Shapiro-Wilks test to test for normality of the data. For a Shapiro-Wilks
Normality test;

H0 : The data is Normally distributed, vs. HA : The data is not Normally distributed.

The p-value for the Salbutamol group was 0.7195 and the p-value for the Formoterol group was 0.1954. At
the 5% significance level we can comfortably reject the alternate hypotheses and state that there is not enough
evidence to suggest that the within group distribution of either group was different from a Normal distribution.

It is known, however, that formal normality tests such as the Shapiro-Wilks test have low power for small
sample sizes [16], so we combine this test with Figure 2c. From Figure 2c we can see that both groups lie on
approximately straight lines. It is difficult to tell due to the small sample size, but based on the evidence we
will assume that both groups have a normal distribution.

(ii) Homogeneity of variance. We can check the second assumption of Analysis of Covariance using Levene’s
test. In the context of our data, under Levene’s test;

H0 : The variances in each group are equal, vs. HA : The variances in each group are different.

The p-value for the Levene Test was 0.6738. At the 5% significance level we can comfortable reject the
alternate hypothesis and state that there is not enough evidence to suggest that the variances of the two
treatment groups differ.

(iii) Interval Data. We know that the Response PEF variable is measured in “litres of air per minute” which
is continuous, so we know that the third assumption is satisfied.

(iv) Independent observations. We know that one patients response to the either treatment does not affect any
other patients response to either treatment. Thus the fourth assumption is satisfied.

(v) The covariate(s) is independent of the treatment effect. The covariate in the context of our data is the
baseline PEF. We know that baseline PEF is independent of treatment effect, as the baseline PEF score is
measured before the treatment is applied, so there is no way that treatment effect can affect the covariate.
Thus we can state that the fifth assumption is satisfied.

(vi) Homogeneity of regression slopes. We can check the final assumption through Figure 2d. We can see that
the regression lines fitted for each treatment group are approximately parallel. Thus the sixth assumption for
Analysis of Covariance is satisfied.

Analysis of Covariance. We performed an Analysis of Covariance with Type II sum of squares. The linear
model that was fitted, including coefficient estimates, was:

Response PEF = 172.7519 + 0.5429 ∗ Baseline PEF − 26.6253 ∗ Treatment.

The p-value for treatment group was 0.25688. Testing at the 5% significance level we cannot accept the alternate
hypothesis. In this case, the p-value for treatment was the same to 5 d.p. for ANCOVAs performed with Type
I, Type II, and Type III sum of squares.

4. Discussion

Analysis of Covariance. From the results of the Analysis of Covariance we can state there was not enough
evidence to support the idea that one of the two treatments, Salbutamol or Formoterol, was any better than the
other at increasing the Peak Expiratory Flow rate in adult patients with asthma. This supports other studies
comparing the efficacy of Salbutamol and Formoterol [23] [19] [26].

Strengths and limitations of the study. Due to the nature of the data, and the imbalance in the baselines
between treatment groups, we strongly believe that Analysis of Covariance was the appropriate methodology to
use over unadjusted methods [2] [20] [28]. We recommend that future investigations based upon baseline/response
data use this report as an initial framework for their analyses.

This study, however, had many flaws that should be rectified in future trials when exploring the efficacy of
Formoterol over Salbutamol.

We have very little information about how the study was conducted, we do not know how the variables
(both dependent and independent) were measured and the reliability of that method of measurement, we have
no information about where the trial was conducted, and we do not know the patients history with asthma
(whether they were diagnosed as a child or an adult for instance). These are all very important considerations
when contemplating the analysis, and with such little information on the background of the data and how it was
collected, readers should be cautious about any results presented by this report. We have no way of knowing
if any serious design flaws or biases were introduced during the trial, nor do we have any intuition about any
additional factors that could have affected the results. For instance, we know from Beasley, R. (1998) [8] that
prevalence of asthma in centres across the world differ greatly: the covariates that affect prevalence could
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Figure 2. Checking the assumptions of the Analysis of Covariance: (A) A density plot demonstrating the
difference in the baseline PEF of the two groups. (B) A plot showing the negative correlation of Baseline PEF
with Change Score. (C) A QQ-plot for each treatment group, showing that the within group distributions
are assumed normal. (D) A plot showing the regression slopes for each treatment group. We can see that the
two slopes are approximately parallel and so the assumption of homogeneity of regression slopes is satisfied.

also affect the efficacy of one or both of these treatments. It is also known that various factors affect PEF
performance in patients [7], such as age and gender [21]. These covariates were not accounted for in the Analysis
of Covariance due to the small sample size.

The number of participants was far too small. Given that there were less than 10 patients per treatment
group, we would again recommend being very wary of the results presented in this report. Subgroup analysis
based on other factors, such as gender, were not considered because of this reason. If we had divided the groups
further, by gender say, we would have had less than 5 patients per group. Hence we would not have returned
any reliable results for the efficacy of the two treatments, nor for the effect of gender on the efficacy of the
treatments. Whilst we do believe that the sample size was far too small, it is of the same magnitude as other
similar studies [23] [19] [26], which range from n = 12 to n = 30.

Avenues for further research. As previously stated we would recommend that the reader be cautious of the
results presented in this report for the established reasons. To this end we would recommend that the trial be
repeated, with explicit detail of the trial design provided and the number of participants increased dramatically.

For these future studies, Analysis of Covariance should still be the default choice of analysis over unadjusted
methods, for the same reasons as stated earlier in this report. Depending on the number of participants in
future studies, sub-group analysis and alternative methods of analysis could be investigated. However, this
should be stated in the trial design, and if the aim of the trial remains the same (to investigate the efficacy
of Formoterol compared to Salbutamol), then the main focus of any reports should still be the results of the
ANCOVA for the full treatment groups.
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Appendix A. R code

The R code that was used to explore the data and run statistical analysis is detailed below.

1

2 #################

3 #Preamble

4 #################

5

6 Asthma Data <− read . t ab l e ( ”asthma . txt ” , header = TRUE)

7

8 colnames (Asthma Data ) [ 3 ] <− ”Treatment” # Used to make d e f au l t Legends on p l o t s have c a p i t a l ”

T” f o r treatment .

9

10 l e v e l s (Asthma Data$Treatment ) <− c ( ”Formoterol ” , ”Salbutamol ” ) # Used to make d e f au l t Legends

on p l o t s used f u l l names f o r treatment groups

11

12 l i b r a r y ( ” dplyr ” )

13 l i b r a r y ( ” ggp lot2 ” )

14 l i b r a r y ( ” car ” )

15

16 ########################

17 # Exploratory Ana lys i s

18 ########################

19

20 nrow (Asthma Data ) # No . o f s ub j e c t s .

21 nco l (Asthma Data ) # No . o f v a r i a b l e s .

22

23 summary(Asthma Data ) # Summary s t a t i s t i c s f o r the data .

24

25 h i s t (Asthma Data$ ba s e l i n e ) # Histogram of b a s e l i n e PEF.

26 h i s t (Asthma Data$ response ) # Histogram of re sponse PEF.

27 h i s t (Asthma Data$age ) # Histogram of Age .

28

29

30 Asthma Data$change s co r e <− Asthma Data$ response − Asthma Data$ ba s e l i n e

31 # Calcu la te the change s c o r e s

32

33 h i s t (Asthma Data$change s co r e ) # Histogram of change s c o r e s .

34

35

36 Salbutamol <− f i l t e r (Asthma Data , Asthma Data$ treatment == ”S” )

37 # Create a subgroup f o r pa t i e n t s t r ea t ed with Salbutamol .

38

39 Formoterol <− f i l t e r (Asthma Data , Asthma Data$ treatment == ”F” )

40 # Create a subgroup f o r pa t i e n t s t r ea t ed with Formoterol .

41

42

43 summary( Salbutamol ) # Summary s t a t i s t i c s f o r the Salbutamol group .

44 summary( Formoterol ) # Summary s t a t i s t i c s f o r the Formoterol group .

45

46

47 h i s t ( Salbutamol $ response , xl im= c (50 , 500) ) # Histogram of b a s e l i n e PEF f o r the Salbutamol

group .

48 h i s t ( Formoterol $ response , xl im= c (50 , 500) ) # Histogram of ba s e l i n e PEF f o r the Formoterol

group .

49

50 h i s t ( Salbutamol $ bas e l i n e , xl im= c (50 , 500) ) # Histogram of b a s e l i n e PEF f o r the Salbutamol

group .

51 h i s t ( Formoterol $ ba s e l i n e , xl im= c (50 , 500) ) # Histogram of ba s e l i n e PEF f o r the Formoterol

group .

52

53 h i s t ( Salbutamol $change score , xl im= c (−150 , 150) , yl im = c (0 . 00001 , 6) ) # Histogram of change

s c o r e s f o r the Salbutamol group .

54 h i s t ( Formoterol $ change score , xl im= c (−150 , 150) , yl im = c (0 . 00001 , 6) ) # Histogram of change

s c o r e s f o r the Formoterol group .

55
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56

57 cor (Asthma Data$ base l i n e , Asthma Data$change s co r e )

58 # Pearson c o r r e l a t i o n o f b a s e l i n e PEF and change s co r e f o r a l l groups .

59

60 cor ( Salbutamol $ ba s e l i n e , Salbutamol $ change s co r e )

61 # Pearson c o r r e l a t i o n o f b a s e l i n e PEF and change s co r e f o r Salbutamol

62

63 cor ( Formoterol $ ba s e l i n e , Formoterol $ change s co r e )

64 # Pearson c o r r e l a t i o n o f b a s e l i n e PEF and change s co r e f o r Formoterol .

65

66

67 cor (Asthma Data$ base l i n e , Asthma Data$ response )

68 # Pearson c o r r e l a t i o n o f b a s e l i n e PEF and response PEF sco r e f o r a l l groups .

69 cor ( Salbutamol $ ba s e l i n e , Salbutamol $ re sponse )

70 # Pearson c o r r e l a t i o n o f b a s e l i n e PEF and response PEF sco r e f o r Salbutamol .

71 cor ( Formoterol $ ba s e l i n e , Formoterol $ re sponse )

72 # Pearson c o r r e l a t i o n o f b a s e l i n e PEF and response PEF sco r e f o r Formoterol .

73

74

75 ggp lot (Asthma Data , aes ( x = Treatment , y = response ) ) +

76 geom boxplot ( ) + coord f l i p ( ) + g g t i t l e ( ”Summary s t a t i s t i c s and o u t l i e r s f o r the two

treatment groups ” ) +

77 ylab ( ”Response PEF” ) + xlab ( ”Treatment Group” )

78 # Used to v i s u a l l y summarise the data f o r each treatment group and to i d e n t i f y p o s s i b l e

o u t l i e r s .

79

80 # Removing the o u t l i e r s :

81

82 Asthma Data new <− Asthma Data [−15 , ]

83

84 ggp lot (Asthma Data new , aes ( x = treatment , y = response ) ) +

85 geom boxplot ( ) + coord f l i p ( )

86

87 Salbutamol new <− Salbutamol [−7 , ]

88 Formoterol new <− Formoterol

89

90

91 # Check i t i s appropr ia t e to use an Ana lys i s o f Covariance :

92

93 ggp lot (Asthma Data new , aes ( x=base l i n e , group = Treatment , co l ou r = Treatment , f i l l =

Treatment ) ) +

94 geom dens i ty ( alpha = 0 . 7 ) + xlab ( ” Base l i n e PEF” ) +

95 ylab ( ”Density ” ) + g g t i t l e ( ”Density p l o t s o f the Base l i n e PEF f o r each group” )

96 # Density p l o t to v i s u a l i s e the ba s e l i n e imbalance between groups .

97

98

99 ggp lot (Asthma Data new , aes ( x = base l i n e , y = change score , group = Treatment , co l ou r =

Treatment , shape = Treatment ) ) +

100 geom point ( ) + xlab ( ” Base l i n e PEF” ) + ylab ( ”Change Score ” ) + g g t i t l e ( ”Plot o f the

r e l a t i o n s h i p between Base l i n e PEF and Change Scores ” )

101 # Plot to show the r e l a t i o n s h i p between ba s e l i n e PEF and change s c o r e s .

102

103

104

105 ########################################

106 # Test ing the assumptions o f ANCOVA

107 ########################################

108

109 # 1) Homoscedast ic i ty ( Homogeneity o f Var iances between groups ) .

110

111 # Use F i she r s F−Test to compare the va r i ance s in re sponse f o r the two treatment groups :

112

113 Var check <− var . t e s t ( Salbutamol new$ response , Formoterol new$ response )

114

115 Var check

116
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117 # p−value = 0.5926

118 # Test ing at the 5% s i g n i f i c a n c e l e v e l we can comfortably say that the re i s not enough

ev idence in the data to sugges t that the var iance o f the each treatment groups re sponse

va r i ab l e are d i f f e r e n t .

119

120

121 #Or could use Levene ’ s t e s t from package ” car ” :

122

123 Levene var check <− l eveneTest (Asthma Data new$ response , Asthma Data new$ treatment )

124 Levene var check

125

126 # p−value = 0.6738

127 # Test ing at the 5% s i g n i f i c a n c e l e v e l we can comfortably say that the re i s not enough

ev idence in the data to sugges t that the var iance o f the each treatment groups re sponse

va r i ab l e are d i f f e r e n t .

128

129

130

131 # 2) Normality Test ing f o r each treatment groups response va r i ab l e .

132

133 # Use a QQ−p lo t to see i f the data d i f f e r s g r e a t l y from a normal d i s t r i b u t i o n :

134

135 qqplot asthma <− ggp lot (Asthma Data new , aes ( sample = response , group = Treatment , co l ou r =

Treatment , shape = Treatment ) ) +

136 geom qq ( ) + xlab ( ”Normal t h e o r e t i c a l quan t i l e s ” ) + ylab ( ”Response PEF” ) + g g t i t l e ( ”Normal QQ

−p lo t f o r Response PEF f o r each treatment ” )

137

138 qqplot asthma

139

140 # Salbutomol almost c e r t a i n l y has normal d i s t r i b u t i o n .

141 # Formoterol i sn ’ t as obvious s i n c e we have so few obse rva t i on s but i t i s r ea sonab l e to assume

i t has a normal d i s t r i b u t i o n as the l i n e i s f a i r l y s t r a i g h t .

142

143 # We could a l s o use a formal Normal l i ty t e s t .

144 # Use the Shapiro−Wilks t e s t to t e s t f o r with in group normal d i s t r i b u t i o n s :

145

146 S shap i ro <− shap i ro . t e s t ( Salbutamol new$ response )

147 S shap i ro

148 # p−value = 0.7195

149 # At the 5% Sig . l e v e l we can comfortably assume the d i s t r i b u t i o n i s normal .

150

151 F shap i ro <− shap i ro . t e s t ( Formoterol new$ response )

152 F shap i ro

153 # p−value = 0.1954

154 # At the 5% Sig . l e v e l we can comfortably assume the d i s t r i b u t i o n i s normal .

155

156

157

158 #3) For each independent var i ab l e , the r e l a t i o n s h i p between the dependent va r i ab l e ( re sponse )

and the cova r i a t e ( b a s e l i n e ) i s l i n e a r .

159

160 # Plot b a s e l i n e PEF aga in s t re sponse PEF and look f o r a l i n e a r r e l a t i o n s h i p :

161

162 ggp lot ( Salbutamol new , aes ( x= base l i n e , y = response ) ) + geom point ( )

163 # De f i n i t e l y l ook s l i n e a r apart from one o u t l i e r .

164

165 cor ( Salbutamol new$ base l i n e , Salbutamol new$ response , method = ”pearson ” )

166 # Pearson c o r r e l a t i o n o f 0 .6589

167

168 ggp lot ( Formoterol new , aes ( x= base l i n e , y = response ) ) + geom point ( )

169 # Looks reasonab ly l i n e a r , more o u t l i e r s but very smal l populat ion so d i f f i c u l t to say .

170

171 cor ( Formoterol new$ base l i n e , Formoterol new$ response , method = ”pearson ” )

172 # Pearson c o r r e l a t i o n o f 0 .5897

173
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174 ggp lot (Asthma Data new , aes ( x= base l i n e , y = response , group = Treatment , shape = Treatment ,

co l ou r = Treatment ) ) + geom point ( )

175

176

177

178

179 # 4) The l i n e s exp r e s s i ng these l i n e a r r e l a t i o n s h i p s are a l l p a r a l l e l ( Homogenity o f

r e g r e s s i o n s l op e s ) .

180

181 # Fit l i n e a r models f o r the data :

182

183 Treatment LM <− lm(Asthma Data new$ response ˜ Asthma Data new$ ba s e l i n e + Asthma Data new$

treatment )

184

185 Treatment LM

186

187 l e v e l s (Asthma Data new$ treatment ) # Used to see the order in which the treatment groups are

a s s e s s ed .

188

189 # The model i s

190 # Response = 172.7519 + 0.5426 ∗Base l i n e − 26.6253 ∗ I Treatment

191 # Where I Treatment = 0 i f F and 1 i f S

192

193 S LM <− lm( Salbutamol new$ response ˜ Salbutamol new$ ba s e l i n e )

194 S LM

195

196 #The model i s

197 # Response = 133.8587 + 0.5904 ∗Base l i n e

198

199 F LM <− lm( Formoterol new$ response ˜ Formoterol new$ ba s e l i n e )

200 F LM

201

202 #The model i s

203 # Response = 191.7625 + 0.4825 ∗Base l i n e

204

205

206 ggp lot (Asthma Data new , aes ( x= base l i n e , y = response , group = Treatment , shape = Treatment ,

co l ou r = Treatment ) ) + geom point ( ) +

207 geom ab l i n e ( co l our = ”Blue” , alpha = 0 . 7 , i n t e r c e p t = S LM$ c o e f f i c i e n t s [ 1 ] , s l ope = S LM$

c o e f f i c i e n t s [ 2 ] ) +

208 geom ab l i n e ( co l our = ”Red” , alpha = 0 . 7 , i n t e r c e p t = F LM$ c o e f f i c i e n t s [ 1 ] , s l ope = F LM$

c o e f f i c i e n t s [ 2 ] ) +

209 xlab ( ” Base l i n e PEF” ) + ylab ( ”Response PEF” ) + g g t i t l e ( ”Plot o f the r e g r e s s i o n s l op e s f o r

each treatment ” )

210

211 # A plo t to compare the r e g r e s s i o n s l op e s f o r the two groups .

212

213

214

215 #################

216 # ANCOVA

217 #################

218

219 # Since a l l the assumptions are s a t i s f i e d we can now perform an ANCOVA.

220 # Using our l i n e a r models from be f o r e :

221

222 ANCOVA r e s u l t s <− anova ( Treatment LM)

223

224 ANCOVA r e s u l t s

225

226 # We can see that the p−value f o r Treatment i s 0 .256876

227 # Test ing at the 5% s i g n i f i c a n c e l e v e l we can say

228 # that the re i s not enough ev idence to support the idea

229 # that the re i s a d i f f e r e n c e in the e f f i c a c y o f the two treatments

230

231
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232 # Or us ing the ” car ” package to t e s t with d i f f e r e n t types o f sum of squares :

233

234 ANCOVA t2 r e s u l t s <− Anova( Treatment LM, type = ” I I ” )

235

236 ANCOVA t2 r e s u l t s

237

238

239 # We can see that the p−value f o r Treatment i s 0 .25688

240 # Test ing at the 5% s i g n i f i c a n c e l e v e l we can say

241 # that the re i s not enough ev idence to support the idea

242 # that the re i s a d i f f e r e n c e in the e f f i c a c y o f the two treatments

243

244

245 ANCOVA t3 r e s u l t s <− Anova( Treatment LM, type = ” I I I ” )

246

247 ANCOVA t3 r e s u l t s

248

249

250 # We can see that the p−value f o r Treatment i s 0 .25688

251 # Test ing at the 5% s i g n i f i c a n c e l e v e l we can say

252 # that the re i s not enough ev idence to support the idea

253 # that the re i s a d i f f e r e n c e in the e f f i c a c y o f the two treatments
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