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Estimation: Understanding confidence interval
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NNTRODUCTIO

Tée previous paper of this series described hypothesi
testing, showing how a p-value indicates the
likkelihood of a genuine difference existing betwee
two or more groups. An alternative to using p-value
amne, to show whether or not differences exist, ist
report the actual size of the difference. Since a
difference observed between groups is subject to
réandom variation it becomes necessary to present no
odly the difference, but also a range of values aroun
tlee observed difference within which it is believed th
true value will lie. Such arange is known as a
confidence interval

Confidence intervals may be calculated for means
proportions, differences between means or
proportions, relative risks, odds ratios and many othe
symmary statistics. Here we describe in detail onl
ohe simple calculation, that of a confidence interva
fer a proportion. Using examples from the literatur
we look at the interpretation of other confidence
istervals, and show the relationship between p-value
and confidence intervals

WLYUES ALONE ARE NOT ENOUG

P-values express statistical significance, but
statistically significant results may have little clinica
snificance. Thisis particularly the case with larg
studies that have power to detect very small
differences. For example, an improvement in averag
paak flow of 1 I/min, when comparing interventio
ahd control groups, may be statistically significant bu
clearly haslittle clinical benefit

Adfurther drawback of p-values is the emphasis place
oh p=0.05, a value chosen purely by convention bu
which has spawned a tendency to dismiss anythin
lgrger and focus attention on smaller values only. B

Fngure 1. Expected distribution of a sample mea

psesenting instead a confidence interval, one require
thye reader to think about what the values actuall
mean, thus interpreting the results more fully

®ALCULATING THE CONFIDENCE INTER
ROR A PROPORTIO
Kaur &t a carried out a prevalence study of asthm
symptoms and diagnosis in British 12-14 year olds*
From a sample of 27,507 children, 20.8% (n=5,736
reported ‘ever having’ asthma. Assuming the sampl
te be representative, the true national prevalenc
sinould be close to this figure, but it remains unknow
and a different sample would probably yield a slightly
different estimate. To calculate arange likel
to contain the true figure, we need t
kaow by how much the sample proportion is likely t
vary. Put more technically, we need t
know the standard deviation of the sample statistic
This is known as the standard error

Gme way of finding the standard error would be t
take several more samples, calculate the proportio
‘ever having' asthma separately in each sample, the
calculate the standard deviation of these proportions
Fortunately, such labour is unnecessary because it ha
been shown that most summary statistics follow
rmermal distributions, particularly when sample size
de large. Furthermore, the standard deviations o
tlabse distributions are directly related to the standar
deviation of the original data. The situation is
illustrated in Figure 1, which shows a possible
distribution of data, together with the expected
distribution of mean values generated by data samples

With data from a normally distributed variable, 95
of observations should lie within two standard
deviations of the mean. Having said that a sample
statistic is expected to be normally distributed, it
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Table 1. Formulae for calculating standard erro

SBummary statisti Bormul Bymbo $tandard error (SE
° _ 4 (¥
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Bifference in proportion 6ase 1§ noncase 1 — 6ase 2 8 Noncase 2 nL e n2
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Relative ris case 2§case 2 $ noncase 2) R Gase 1 — 6asel1snoncase 1 T Base 2 —  6ase 2 + BONcase 2
. sase 150ncase 1 1 1 1 1 *
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*Standard error of the logged statistic

SANBEODENCE INTERVALS AND P-

It may have become apparent that the statistical
significance of differences can be gleaned from
confidence intervals. A confidence interval containin
1 for arelative risk or an odds ratio means we ar
|ess than 95% sure that a genuine difference exists,
segnificance test of the difference would thus giv

fallows that on 95% of occasions it will be less tha
two standard errors from its true value. The probabil -
tyr of the range formed by the sample statistic plus o
ngnus two standard errors containing the true value i
therefore 95%. This range is the 95% confidence
imerval. Formulae for the standard error of commo
summary statistics are in Table 1, those for other

statistics are usually readily available in textbooks. Fo
tie example of asthma prevalence, the standard erro
can be calculated as 0.25% giving a 95% confidenc
irgerval of 20.3% to 21.3%. The narrowness of thi
confidence interval reflects the large sample size,
illustrating how certainty in aresult grows as the
number of observations increase, resulting in smalle
standard errors and narrower confidence intervals

IBITERPRETING CONFIDENCE INTERVAL
BOR RELATIVE RISK

\&ald and Watt compared all-cause mortality amon
different types of smoker with that of lifelong non
smokers 2 Gompared to non-smokers, the relative ris
(RR) of mortality among former cigarette smokers wa
1t11 (95% confidence interval 0.92 to 1.34). The bes
eftimate of the effect on mortality isan increase o
1%, RR=1.11, but the possibility of no effec
(RR=1.0) remains. Among current smokerstherel -
tive mortality was 2.26 (95% confidence interval 1.9
t@2.58). This confidence interval does not includ
RR=1.0 and so we can be confident that mortality i
higher among current smokers

pz0.05. Similarly a confidence interval not includin
1dD corresponds to p<0.05, while an interval bounde
al one end by 1.0 exactly would give p=0.05. A sim -
lar situation exists with confidence intervals for
differences in means or proportions, the only
déefference being that no effect is represented by th
value 0.0, rather than 1.0

Tihe practice of reporting confidence intervals togethe
vath p-values is questionable, p-values adding littl
imformation for the informed reader. An exception t
thai s rule occurs when a large number of confidenc
itervals are reported, in this instance the generall
discouraged habit of replacing p-values with stars
indicating p<0.05 and p<0.01 becomes useful,
allowing arapid overview of results to be made

GONCLUSION

Here we have outlined the theory and practice of
aalculating confidence intervals, and give
pointers toward their meaningful interpretation

Table 2. Relative all-cause mortality of different smoking group

Among pipe and cigar smokers who had neve $moking grou n die R 95% C
smoked cigarettes, mortality compared to non-smoker ]

was 1.23 (95% confidence interval 0.99 to 1.75) kifelong non-smoke 653 84 0.0

Relative mortality is higher than that of ex-smokers [Former cigarette smoke 546 26 11 @921t01.3
bgt thg confidence interval is mych wider. The greate Pipe/cigar smoke

wgdth is partly due to the pipe/cigar group bein sever smoked cigarette 930 21 3.2 6.99 to 1.7
smaller than the ex-smokers group, one more or on Current cigarette smoke 218 B4 8.2 897to 25

felver death thus has a greater effect on mortality an
tlee wider confidence interval reflects the less stabl
result

"Adjusted for age at entry to stud
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QGhinical significance may be gauged both from th

pbint estimate of the difference, and consideration o

the confidence limit’s upper and lower bounds
Whether or not a confidence interval contains unity fo

agelative difference, or zero for an absolute differenc
rgveals statistical significance. Because they conve

Becommended readin
Gardner MJ, Altman DG. Statistics with confidence
London: BMJ, 1993

beth aspects of significance, confidence intervals hav
bgcome the strongly preferred way of presentin

results
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Table 2: Percentage of children having at least one consultation or prescription i
mimary care by positive response

Rositive response categor c? test for pval e?
0 2— 3 B— Imear tre d*®

potal in each grou 56 16 29 28

$otal surgery consultation %27 988 9I%4 9IBA4 2.8 .02
Isower respiratory consultation 29.1 %7.7 640 9.3 206.0 £0.00
dpper respiratory consultation 9.5 998 W4 .1 25.2 40.00
Non-respiratory consultation 89.1 934 991 98.7 1.2 0.25
$otal home visit %35 261 %1 9%6.0 53.9 .00
Isower respiratory home visit 300 %4 W2 2.3 82.9 £0.00
Ypper respiratory home visit 8.8 2.3 338 93R.3 20.2 0.00
Non-respiratory home visit w2 245 W4 W5 2.8 0.16
dnknown cause home visit %8 28 W4 w1 8.3 ©.03
$otal number of prescription 8.2 946 97 9%W.4 85. 40.00
Non-respiratory prescription %.3 832 83 862 114 0.00
Respiratory prescription 6.3 R4 864 9I3.6 60.1 £0.00
BNF 3 1° prescription 91 W7 9O 86.1 568.6 £0.00
BNF 3 2 °prescription %8 %6 20.3 38.7 412.8 £0.00
BNF 5 1 prescription %.7 6d.1 9%.0 83.1 88.1 £0.00
BNF 6 3¢ prescription 006 % 863 90 Zo 40.00

dantibiotics; °sral steroid

Calculated using discrete positive response values; "bronchodilators; ‘inhaled steroids
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