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ABSTRACT

When faced with the problem of comparing positively skewed outcome values, data transformations such as log and
square root etc, are often used. However, this approach suffers with the difficulty in interpretability, lack of
accuracy etc. That is, while the back transformation of mean is possible, but not for the standard deviation. This
paper presents the analysis of comparing positively skewed outcome data by using generalized pivotal and log
transformation approach for lognormally distributed data. Smulation experiment was conducted to examine the
characteristics of generalized pivotal approach for small sample sizes and for large standard deviations. For the
analysis of positively skewed biological data between two groups generalized p value and confidence interval
approach for lognormal distribution is considered to be efficient as this provides direct statistical inference such as
estimates, 95% Cl and its p values.

Key words: Positively skewed distribution, normal distributjolognormal distribution, log transformation,
generalized p value, generalized confidence interva

INTRODUCTION

In many biomedical studies, researchers are irtetés estimating the difference of two sample nse@ne of the
ways to test the above hypothesis is by doing degandent sample t-test. However, two sample taygstoach is
appropriate only if the observations are normalitributed. Many biological variables such as friagride levels,
skinfold thickness, serum bilirubin levels etc.,igthare encountered in medical research are pekitiskewed.
Data transformations are frequently used effecgfivel normalizing the data. Bland and Altman sugeesthat
logarithmic transformation is frequently used fdewed outcomes as this gives nearly normal digiohu[1].

Basically, the analysis is performed on the tramséa scale, which can then be back transformedidootiginal
scale. However, this will not lead to a reasonasdmate on the original scale as back transfoomatésults in
geometric mean of the original data rather tharatitametic mean [2].

In vaccine and immunogenicity studies, the antibtiirly values are log transformed and the resuéssammarized
in terms of geometric mean titre or geometric mesio [3]. As such, the antilog of arithmetic meamsnputed on
log scale (geometric mean) is readily interpretablé there is no straightforward interpretatioritable for the
antilog of the standard deviation of the loggedueal [4]. Consider the example given in [5], the méaD) of
triglyceride values of original data was 0.51 (Q.2#nol/l. The mean (SD) of the log transformed dats -0.33
(0.17). The back transformation of the mean onldhescale leads to 0.47 mmol/l which is geometregambut the
standard deviation on the log scale cannot be bacisformed. Also the confidence interval for theam in the
original data cannot be regained back from theidente interval for the mean of logged data [6].avoid these
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circumstances, researchers make inference in tefrifse transformed scale itself; however, the geiis in the
means of the original data. Manning and Mannind &tullahy discussed the issues of transforming sicew
outcomes, such as interpretability, lack of accyraad inefficiency [7, 8]

In this paper we disseminate the strategy and rdetfidiandling positively skewed biological outconaesl testing
the significance of mean difference of positivekgwed outcome - triglycerides among males and fesnahsed on
generalized pivotal approach [9]. We also exantireecharacteristics of this approach for small sames using a
simulation study.

MATERIALSAND METHODS

Data:

The data used in this paper is a cross sectiotaladiected by Cardiological Society of India, Kier (CSI Kerala,
CRP study). The main objectives of the study werérd the prevalence and the risk factors of CABoag men
and women aged 20 to 79 years in urban and rural&¢10]. For illustrative purpose, we have rantioohosen
200 triglyceride values from this data which areally positively skewed and compared them amongsahd
females.

Generalized P value and Confidence Interval:

The generalized p value and confidence interval img®duced for testing the hypothesis which inesivthe

presence of nuisance parameters [11, 12]. For deargp testing the difference in the means of ewxponential

distributions or testing the difference in the neahtwo lognormal or in inverse Gaussian distiitng, the means
of these distributions involves the nuisance patarse The details about the generalized p valuecamfidence

interval approach for lognormal distribution canfband in [9, 13]. Details of R-software codes éalculation of

difference of these means assuming lognormal digtan is given in Appendix 1.

Simulation study:

We conducted a simulation experiment to study tbeerage probability of generalized confidence waér
approach for small to large sample sizes. We ailifrchose various parameter values of the logabdistribution
and created 5000 data sets, each with differenpkaai sizes; n1 = n2 = (5,20,50,100) from logndrdiatribution

by using different parameter values of mqan= 5 andp, = 7 (in log scale) and standard deviatians=
(0.5,0.6,0.8) ands, = (0.8,0.7,0.9) (in log scale). We used Monte €arlethod to obtain the 95% coverage
probability of generalized confidence interval aggmh. We conducted the experiment by using R #tatis
software [14].

RESULTS

In CSI Kerala CRP study, triglyceride dataset cetgsof 200 observations, of which 100 (50%) werdemand
remaining were females. For original data, the mD) triglyceride level of males was 153.93 (99.&%y/dL
while for females it was 110.01 (52.40) mg/dL. Mad{IQR) triglyceride for males and females weré.5388.75)
and 98.0 (60.25) mg/dL respectively. By rule ofrtiiuthe standard deviation being more than halhefmean
indicates that the values were not normally distell [15]. Secondly, since the triglyceride valuese positive
random variables we checked for the assumptiorohality after log transformation. The histograntloé original
triglyceride values separately for males and femate presented in Figure 1.

Table 1: Comparison of log transformation and Generalized Pivotal approach for the difference of the mean triglyceride values

Male Female
(n =100) (n =100)
Mean SD Mean SD Difference | P value 95% CI

Triglyceride:
Original Data 153.93 99.83 110.01 52.40
Log Transformed data 4.89 0.5p 4.61 0.42 0.28 €100 (0.15,0.42)
Back Transformed (Taking Exponentigl)  132.p5 : 480 - 1.32 (1.16, 1.52)
Generalized Pivotal approach 152.45 85[{14 109.56.304B 42.89 0.0000| (24.55, 63.70)

We carried out Shapiro-Wilk normality test for iagtthe normality of each of the log transformedadd he test
yielded the p-value 0.1582 and 0.1164 for the raak female respectively. This indicates that thgettansformed
data follows normal distribution. We also perform@diantile-Quantile (Q-Q) plot (not presented hes€)og

transformed data to check for the normality assionptBoth the methods do not provide any evidengairet
normality. If the log data follows normal distritar it implies that the original data follows logmneal distribution.
The statistical inference based on both these rdstiflog transformation & generalized pivotal appigaare
presented in Table 1.
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Figure 1: Histograms showing the distribution of triglyceride values among males and females

30

Freguency
15

10

q

0 200 400 600 800

Freguency

o —
o

15

10

o II—‘I_I

T T 1 1
a0 150 250 330

Triglyceride (Males) Triglyceride (Females)
Table 2: Resultsfrom simulation study for the difference of two lognormal means - Cover age Probability of 95% C.1
Ny N, | pai | pe| 61 | 62 | Cov.Probof 95% CI
5 5 5| 7| 05/ 0.8 94.88
06| 0.7 95.60
08| 0.9 95.76
20 | 20| 5| 7] 05/ 0.8 94.86
06| 0.7 94.86
0.8] 0.9 94.74
50 | 50 | 5| 7| 05/ 0.8 95.26
06| 0.7 95.26
0.8] 0.9 95.16
100 | 100| 5| 7| 0.5 0.4 94.82
06| 0.7 94.68
0.8] 0.9 94.74

The mean of the log transformed data for males89 4nd the standard deviation is 0.52 and for fesnidis 4.61
and 0.42 respectively. If we take means on thesfommed scale and back transform by taking expdet#on that
results in 132.95 mg/dL for males and 100.48 mgfdi females. However, the back transformation cdirth
standard deviations on the log scale does not raakesensible interpretation. Hence the variabdityhe estimates
may not be obtained by back transformation. In taidito that, the difference in the means of triglsides among
males and females of the back transformed valu82.95-100.48=32.47 mg/dL) is not equal to the back
transformation of the difference in the log scdle82 mg/dL). Based on lognormal distribution of tireginal data
the mean (SD) of triglyceride values for males52.45 (85.14) mg/dL and for females is 109.56 (@8:8g/dL.
The difference in the means of the triglycerideueal among males and females is 42.89 (Generaligéd Ql:
24.55, 63.70) mg/dL which is statistically signifitt (Generalized p value <0.001). As the 95% gdimechCl does

18

Scholars Research Library



L. Jeyaseelan et al Annals of Biological Research, 2014, 5 (12):16-20

not include the null value of 0, it provides evidenthat the triglyceride values are different amomgles and
females.

The empirical coverage probability of the simulatstudy of generalized confidence interval for tliéerence of
two lognormal means obtained for various paramed@res are given in Table 2. The results of thaufation study
clearly shows that the estimated coverage probiasilof the generalized confidence intervals amgoat near to the
nominal level of 95%. This is even true for thedés with small sample sizes and for large standerdations.
Thus, simulation implies that generalized pivoiaiach can be applied for positively skewed outenind even
for small no. of observations.

DISCUSSION AND CONCLUSION

The lognormal distribution for positively skewedtoame is currently used in many situations like upational
exposure and pollution data [13], in the applicatad breath analysis [16], to study the mean canmamooxide
levels in the air [17], and also for analyzing thedical costs data for patients with type | diatseind patients
being treated for diabetics ketoacidosis (DKA) [IBje main advantage of this approach is the statisnference
with regards to the means of the original data .[16]this paper we tried to compare the means olobical
outcome which is positively skewed and thereforguires special analysis strategy and data transfiiom We
applied generalized pivotal quantity of lognormaans to calculate generalized p value and its denée interval.

There are many alternative approaches availabileeititerature to study the distribution of logn@nmeans [18].
For testing the mean of a lognormal distributionvpo function of four testing procedures were corefddrased on
student-t, Edgeworth expansion, generalized p-vaha permutation test [19]. Generalized p-valueraggh was
used to study the effect of silver nitrate seediggcomparing the amount of rainfall between seeatedi unseeded
clouds [20]. The performance of generalized p vafymproach was compared against many methods using
simulation study [17]. Though the generalized pugaknd confidence interval method is computatigriatiensive,

it works better even for small sample sizes. Thisutation study indicated that the coverage prolitghs near to
the nominal level of 95% for both small and thegéassample sizes. From the data analysis of congradé two
lognormal means of triglyceride values, there sigmificant difference in the values between maled females.
Thus generalized pivotal approach can be a usgfptoach in the comparison of lognormal means inyman
biological data as this does not need any transftiom. Moreover in this approach the statistic&riance from the
testing procedure is straight forward.
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