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Introduction

e Geography, maps and statistics

* Most often, geographic maps
are produced to represent
health data

* Medical information is
transmitted through
choropleth/thematic maps

Rates

per 1,000 Counties
26-11.5 704
Bl 11.6-139 650

* j.e. surface or point

administrative units are colored e s e b
‘ - insufficient data
Insufficient Nata 375
according to the variable of | o _ o
Age-adjusted stroke hospitalization rates among Medicare beneficiaries
i nte re St aged 65 or older in 2005-2006 at the county level

Schieb et al. (2012) doi: 10.1161/STROKEAHA.112.669705
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Introduction

* In this presentation
| will stress:

e the importance of analysing
health data by explicitly
including geographic
characteristics (distances,
co-location)

* the potential and power of
spatial statistics to detect
specific patterns in the
geographic distribution of
disease occurrences (make
visible the invisible)
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Body Mass Index in Lausanne
| Getis-Ord Gi Clustering on BMI
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:‘ Significance level: p<0.05 (999 permutations)
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John Snow, cholera outbreak and clusters (1854)
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Ristograms \Georeferencing
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Cholera death locations with proportional circles showing the number of
deaths. The pumps are displayed in blue. Data available here:

By Robin Wilson, http://blog.rtwilson.com/ http://blog.rtwilson.com/john-snows-cholera-data-in-more-formats/

* Clusters reveal spatial dependence — effect on the territory
* Depends on a co-located infected water pump — cause

* Removing the handle of the pump stopped the outbreak

* How to detect spatial dependence and measure it?
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Spatial dependence

* Main objective: identify patterns in the geographic space
* |s the variable of interest randomly distributed?

* Or spatially dependent?

* Are the spatial patterns observed robust to random permutations?

e Explore data to find out what is the range of influence of the spatial dependence ?
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Neighborhood

* One among several measures of spatial autocorrelation: Moran’s |

* This measure of spatial dependence is characterized by a correlation
between the values of neighboring geographic units for a given variable
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Moran’s | as a coefficient of regression

* At point 1, the value of the variable of interest (e.g. BMI) is 20 while the
mean of its neighborhood within 5km is 22

Point
° @ Observed value @ Weighted value
20

We obtain two distributions of observed versus weighted values Linear regression
Dependent variable = weighted
Independent variable = Observed
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Global relationship

between points and their
Types of clusters oo e
e After standardization, we obtain a iLOW-H'GH HIGH-HIGH-

Moran’s scattergram .

* The distribution of points among the
guadrats of the scattergram defines 4
classes

lagged DATC14BP
1

-1

* They correspond to the types of
relationship between observed values
and weighted values at all locations

e E.g. High-high (red) = high observed

o |
| |

_ _ LOW-LOW HIGH-LOW
values and high weighted values w!
° The Slope defines the |eve| Of g|0ba| ;;tut:-s R*2? consta std-erra t-ztata E‘jlﬁ:ﬂﬂpslupeb std-err b t-statb p-value b
Spatial a utocorrelation (0-32) 538 0812 -0.0858 00111 -551 5.59%e-00% 0324 0.0111 251 0
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The fifth class

7

Local Moran's | clusters

Baseline, raw BMI [6481

O 0-nospatial dependence [2930]
® 1-high-high [642]
® 2-low-low[1405]
@ 3-low-high [582]
© 4-high-low [922]

Spatial lag = 800m
Significance level: p < 0.05 (999 permutations)

How to identify them?
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Significa nce Randomization

_ Mean T
petrtation: 2000 itz
* We need to check if the Moran’s | S TR o
obtained is statistically significant . each permutation
. hite d
* Does the spatial structure observed and _ Pihite cote on maps
.- ) § _ tial Moran’s |
quantified by the Moran’s | (here 0.48) 5 f e e
persist when BMI values are randomly g forthe
. . . r observe
distributed among all locations (Monte- o cituation
Carlo method for permutations) ? W space YA (in yellow)
re | : 1 o
* Moran’s | is calculated again after each run | i3 -0 ess-00ms-swmosns

of random permutations (here 8 000)

e The Moran’s | for each run feeds the

. Nb Iy =Iops+1
histogram o-value = al = lobs

Nb permutations+1

* A pseudo p-value is calculated on the basis
of the number of random configurations or Nb 1y < Iops +1

that produce a Moran’s | higher or equal Nb permutations + 1
to the observed one (yellow bar)
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Mapping significance

o7

(] Loca I | n d Icato r‘S Of S patla | Compared local significance

Individuals at baseline, raw BMI [6481]

Association (LISA) —a local || : e

® 0.01 [1308]

0.05 [1024]

version of Moran’s |

| Spatial lag = 800m

* The pseudo p-value
obtained can be mapped
to show the level of
significance of the local
spatial autocorrelation

e This allows to introduce
subtleties in the
interpretation of the
clusters obtained
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Scale issue: the size of spatial lags defining neighborhood

* Important: spatial statistics like Moran’s | or Getis-Ord Gi constitute exploratory approaches
* Necessary to test several spatial lags to possibly identify different explanatory factors
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| Epworth Sleepiness Scale
i
| Getis-Ord's G* - Clusters [3962]

“! 0 - no spatial dependence [3130]

® 1 -hot spot (Z-score = 1.96) [410]

@® 2 -cold spot (Z-score < 1.96) [422]
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nificance level: p<0.05 (9999 permutations)
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| Epworth Sleepiness Scale
il
| Getis-Ord's G* - Clusters [3962]

0 - no spatial dependence [3095]
1 - hot spot (Z-score = 1.96) [578]
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(S Hypnolaus and Geocolaus data (2009-2012) | www.colaus.ch (Colaus 2) | Spatial analysis: SJ, LASIG, EPFL 2017
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Conclusion

* The measure of spatial dependence is key to detect and visualize spatial patterns
in health data

 Spatial statistics can reveal signals that remain hidden using thematic mapping

* On the basis of the clusters highlighted by these exploratory methods, it is then
possible to formulate hypotheses about potential environmental or socio-
economic causes and to test them with the help of confirmatory statistics

* «ldeas come from previous explorations» John Tukey, The American
Statistician, 1980, in «We Need Both Exploratory and Confirmatory»

* This reasoning was applied by John Snow to detect deaths
"hot spots” in London, which then allowed him to
hypothesize that a particular water pump was infected, and finally to
take public health steps to check the cholera epidemic
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Thank you for your attention!
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