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Objectives

1. Describe the following measures of spread: range,
interquartile range, variance, and standard deviation

2. Discuss examples using measures of spread in
epidemiology
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Objective

Describe the following measures of spread: range, interquartile
range, variance, and standard deviation




Understanding “Spread”
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Understanding “Spread”
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Frequency distribution is a
representation, eitherin a
graphical or tabular format,
that indicate the way data
are distributed over a range
of values, by showing the
number and percentage of
individuals within wach
group of values.

In this case they all have
high frequencies in the
centre of the distribution
and low frequencies at the 2
extremes (upper and lower
tails of the distribution)
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Measures of Spread

Definition: Measures that quantify the amount
of variation, or dispersion, in a dataset

Also known as:
* “Measure of dispersion”
e “Measure of variation”

Common measures
* Range
* Interquartile range
e Variance
e Standard deviation
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Range

Definition: difference between largest and smallest values

* In statistics, the range is reported as a single number
and is the result of subtracting the maximum from the
minimum value

* |n epidemiology, the range is often the largest and
smallest observations in the sample, rather than the
difference between the largest and smallest
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Finding the Range of Length of Stay Data

Number of nights spent in the hospital for 27 patients
following infection from Staphilococcus spp...

OI 2) 3) 4) 5) 5) 6) 8) 9)
9 9, 10, 10, 10, 10, 11, 12, 12,
12, 13, 14, 16, 18, 18, 22, 27, 49

What is the range of values?
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Is the Range Sensitive to Outliers?

Range =49 -0 =49

OFRrNWRA~OUOIO

Number of patients

0 5 10 15 20 25 30 35 40 45 50
Nights of stay

Range = 149 - 0 = 149

Number of patients
O B N W b 01 O

O 10 20 30 40 50 60 70 80 90 100110120 130 140 150
Nights of stay




Interquartile Range (IQR)

Definition: The difference between the first and third
“quartiles” (defined on next slide)

Properties / Uses:

A modification of the range that is less sensitive
to outliers

e (Calculated as the difference between two data
values, but not the two most extreme
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Quartiles

Definition: Quartiles are the values that split
the data into four equal parts

25% of observations are below the first
qguartile (Q1)

25% of observations are between Q1 and Q2
(median)

25% of observations are between Q2
(median) and Q3

25% of observations are above Q3

11




Quartiles and data distribution

Median
Qy Q, Qs
25% data 25% data | 25% data 25% data
Lowest Highest

Milk Safety Project
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Interquartile Range — Length of Stay Data

Middle 50%
5 - M
Q1 | Q3

Interquartile Range = Q3 - Q1

0 5 10 15 20 25 30 35 40 45 50
Nights of stay
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Calculating the Quartile Positions in a
Dataset with N Observations

Position of Q1. 1*(n+1) / 4
Position of Q2 (Median) : 2*(n+1)/4
Position of Q3: 3*(n+1) / 4

Example: In a dataset with 55 observations, the position of the third
quartile (Q3) would be:

3*(55+1)/4=168/4 =42

So the third quartile is the value in the 42nd position in the ordered
list
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Determining IQR in Length of Stay Data

Number of nights in the hospital for 27 patients
Q1
OI 2) 3) 4) 5) 5) 6) 8) 9I
Q2
9 9, 10, 10, 10, 10, 11, 12, 12,

12, 13, 14, 16, 18, 18, 22, 27, 49

Q3 Position Value
Ql: 1*(27+1) /4= 70 =—> 6
Q2 (Median): 2*(27+1)/4= 14t —> 10
Q3: 3*(27+1) /4= 21t —» 14

Interquartile range: 14-6=8
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Interquartile Range — Length of Stay Data
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20 25 30 35 40 45 50
Nights of stay
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How to represent quartiles and
interquartiles?

Box and whiskers plot

This line This line This line

This whisker shows the shows the shows the This whisker
shows the lower quartile median upper shaws the
loweast value quartile hightest value
\ L ) i /
L 1 ] 1 L% 1 1 1 ] 1 |

The width of the box
shows the
interguartile range

160 -
140 -
120 -

100 -

20 -

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample &
= hiin Outlier = higx Outlier




Variance and Standard Deviation

General Description: deviations of each sample
observation from the mean.

Variance
* Average of squared deviations from mean
* Sum (x,—mean)?/ (n-1)

Standard deviation
e Square root of variance

The variance and standard deviation are related
measures that quantify how closely clustered the
observed values are to the mean.
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Variance and Standard Deviation

A 4

A 4

When describing how far each Variance and Standard Deviation
observation is from the mean, describe this dispersion of data by
some values will be positive and squaring the values to eliminate
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f'e w some will be negative negative numbers
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Equations for Variance and Standard

Deviation

* X :Mmean
* X; : value

* n: number of data
points

* S2: yariance

s : standard deviation
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Standard Deviation — Properties / Uses

When data are approximately normally distributed (bell-
shaped curve), then:

68.3% of the data fall within 1 SD of the mean
95.5% of the data fall within 2 SD of the mean
95.0% of the data fall within 1.96 SD of the mean
99.7% of the data fall within 3 SD of the mean
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Length of Stay Data

Number of nights spent in the hospital for 27 patients

(0-12)2 = 144 (9-12)2=9 (12-12)2= O
(2 -12)2 =100 (9-12)2=9 (13-12)2= 1
(3-12)2= 81 (10-12)2=4 (14-12)2= 4
(4-12)2= 64 (10-12)2=4 (16 -12)2= 16
(5-12)2= 49 (10-12)2=4 (18-12)2= 36
(5-12)2= 49 (10-12)2=4 (18-12)2= 36
(6—-12)2= 36 (11-12)2=1(22-12)2= 100
(8—12)2= 16 (12-12)2=0 (27 -12)2= 225
(9-12)2= 9 (12-12)2=0 (49— 12)2= 1369

Sum = 2370; Var = 2370/26 = 91.15; SD 5/91.15 = 9.55
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Standard Deviation — Properties / Uses

When data are approximately normally distributed (bell-
shaped curve), then:

68.3% of the data fall within 1 SD of the mean
95.5% of the data fall within 2 SD of the mean
95.0% of the data fall within 1.96 SD of the mean
99.7% of the data fall within 3 SD of the mean
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Normal Distribution

99.7% of the data

Z\

95% of the data

SD = Standard devigtion

<68% of the data>
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Objective 2

Discuss examples using measures of spread in epidemiology
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Example: Using the Range in
Epidemiology
The range is commonly used when reporting:
* Incubation period

e Duration of illness
e Age of cases

Summary of characteristics of selected biological warfare agents

Agent Incubation period|  Person to person  Morbidity/mortality if  Diagnosis
(days) transmission untreated
Ba. anthracis 1-5 No High/high Culture, serology, ELISA, PCR
Y. pestis 2-3 Yes High/high Culture, serology, ELISA, PCR
Brucella sp. 5-60 No High/low Culture, serology, ELISA, PCR
Bu. mallei 3-7 No High/low Culture, serology, ELISA, PCR
Bu. pseudomallei 3-7 No High/low Culture, serology, ELISA, PCR
Botulinum toxin 1-5 No High/high ELISA, mouse inoculation for toxin detection
Variola virus 7-17 Yes High/high Serology, virus isolation, ELISA, PCR
Viral hemorrhagic fever 4-21 Yes High/high Serology, virus isolation, ELISA, PCR

Source:Thavaselvam and Vijayaraghavan. J Pharm Bioallied Sci. 2010 Jul-

Sep; 2(3): 179-188
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Example: Using the IQR in Epidemiology

The interquartile range (IQR) is reported when
the presence of outliers can skew other
measures

Changing Epidemiology of Measles in Africa

James L. Goodson,' Balcha G. Masresha Kathleen Wannemuehler,' Amra Uzicanj

suspected cases, 73,009 (41%) were confirm
~—nths; interquartile range, 16-96 months) ar
e lucmednalye with 50%~74% aMCV1 (P = .03) and 27

we analyzed regional measles case-based surveiljasfCe data for 2002-2009.

Methods.  Country-years were groupgdby 10-year moving average of routine m TS N T aTY S I 1= s [ [y S
(aMCV1). Age was log transformed, afd pair-wise comparisons of means were madesA ¥~ test was used to assess
association between coverage apefage groups. Cumulative percent curves ‘(‘W of age, dot plots with Loess
curve, and Spearman rank@Cosrelation-coethcientwere-calculated

Results.  Of 180,284 sspected cases, 73,009 (41%) were confirmed af measles. OF these, the mean age was 79
months (median, 36 monghs; interquartile range, 16-96 months) and significantly younger in country-years with

<50% aMCV1 than those ith 50%-74% aMCV1 (P = .03) and >75% (P = .02). With increasing coverage, there
was a slight decrease inage in the 10th and 25th and moderate increase in age in the 50th, 75th, and 90th percentiles.

1Global Immunization Division, Centers for Disease Control and Prevention, Atlanta, Georgia; and Zkffnunisation and
World Health Organization, Africa Regional Office, Brazzaville, Congo

Background. In Africa before the introduction of
children. To describe measles epidemiology in Africa g

Conclusions. During 2002-2009, the median age of confirmed measles was 36 months. In countries with > 50%
aMCV1 coverage compared with low-coverage countries, age shifted to older children and young adults; for infants,
age decreased slightly with higher coverage.
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Example: Using the Standard Deviation in
Epidemiology

The standard deviation is often reported along with
the mean to show variability in the data

Table 1. Body composition and severity of disease
among HIV positive and HIV negative individuals
with/without tuberculosis

IV positive with TB (n=31)  HIV negative with TB
‘majlb (n=32)

Men (n=10) Women (n=21) Men (n=18) Women (n=14)
Ageinyrs 309 (46) 292 (59 260(73) 263 (46)
BMI kg/m’ 184(17) 186 (30) 182200  203(43)
Minkgm” 166013 154(09°  166(15) 16.1(09)
FMIinkg/m2 18 (06) 33(21) 16(08) 46 (36F°
Severity TBscore 6.5 (1.5) 56 (26) 08 (23) 59(24)

Source: Mupere et al. BMIC Public Health 2012, 12:1050
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Example: Using the Standard Deviation in
Epidemiology

The standard deviation helps detect unusual
increases in disease and can be used to
establish alert thresholds

Post-
Flooding
Diarrhea | !

Outbreakin | ¢ :
Jakarta, 10 7 ;
Indonesia, ) LN CLabE L
Jan—Feb m
2002 2

44/11 45/11 46/11 47/1148/11-1249012 50/12 51/12 S2/12 11 21 31 471 S§1-2 &2 7R 82 92
Wiek

Cugiim Flags: C1=Mild Sensitivity C2-Moderate Sensitivity C3=Ura Sensitivity

[=c1 W-=c1c3 Ay (ec fecicacs

Source: Chretien et al, PLoSsmedicine, Mar %008 Vol 573).
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