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Persenall Backareuna

Studies

Mathematics (imain) and social seiences
(Bielefeldi and Berlin)

[Degrees

M.Sc. (eptimal design) Dr. (algorithms)
IHabill (medicine: epidemielogy/hiometny)

Cooperation

NUmereus Institutions: in Europe; USA, Australia,
Thailand, and Philippines

\/isiting

85-86) Statistics;, PennState

96 Psychoelogy, Vienna

08-99 Statistics,, Munich

04 Intermational EpiLal, Copenhagen

Several Visits tor Philippines and Thailand



IHISTERY

1982: afiterf completion: of my: PhDrtake tpr junio)
position at the Institute of Secial Medicine

1992 V. | InrViedical Statistics; anal EpIdemieigy.
2000: Award of the: Title off Professor:

Several co-workers: 1990=2004; Dietz, Kuhnert,
Malzahn, Schilattmann, Stallmann, Schleinitz, ...
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INSTITUT FUR SOZIALE MEDIZIN i
ABT, EPIDEMIOLOGIE [ |

1.0G
rechis rechts links
LBitmlng  1Schelp 1, DOKTOHANDEN |

2 Dietz 2 Chew 2. Terminalraum \ |

3.5tallmann

1981: PrG IESSOIRSEIE]
Head of Ing [E'PE,,li'Fe for
Medicine wibiiiEnait
Epidemiolo@y/ ' J |
= Professor SGHEl[pieae
time) with s J
projects in




IHISTERY

Besides; cooperatingin several
Brojects in SE Asia

ORe majer activity: 1990-2000:
VI.SE. In Epldemiclogy.

at- URP Viania unader
palticipation; eff the Universities
off Viahidol (Bangkek, 1)),
Khon Kaen (i), FU Berin, UP
Manila (Ph)

IED-GTZ CONSORTIUM IN EPIDEMICLOGY
ES 2000 -2001

Free University Berlin Khon Kapey Unimiatey

College of Public Health
University of the Philippines Manila
625 Pedro Gil Street, Ermita 1000

Manila, Philippines or

Box EA-460, Manila 1000 Philippines

E-mail:epibio-mod @cph.upm.edu.ph




Coeperaton Pislkcts
With SE AS

Pelfiflars Feleifiy for
Piigfle plezifinr Izl
University,, Bkk;
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Capture-Recapiii@Er Proceduresiin
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-
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) .
Survelllance Project on lflicit Drug Use

In Thallapd usinggldiuncated.Counting
Distributions
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GERErRRINIGPRICS

General Epidemielegy Bihning

Problems of Inference Allgemeine
I Epidemiclogy Epidemiologie

Epidemielogic
Moedelling

Lehr- und Handbiicher der Statistik

Oldenbourg




GERErRRINIGPRICS

Monographs
on Statistics and

\V/ iXtu rem Od e | S | Applied Probability 81

Applications In Computer-Assisted

_ Analysis of
Biometiy anad Mixtures and

EpIdemielogy, Applications

Meta-analysis, disease
mapping and others

Dankmar Béhning

CHAPMAN & HALL/CRC




GERErRRINIGPRICS

WWILEY

: : DISEASE MAPPING
Disease Mapping and AND RISK ASSESSMENT

Geographical FOR PUBLIC HEALTH
Epidemiolo
p gy o
R

SMoethed Estimates P %"
ol Geographical Risk i )

Ebitep By

A. LAWSON

A. BIGGERI

D. BOHNING
E. LESAFFRE
J-E VIEL

R. BERTOLLINI




GERErRRINIGPRICS

| RALF SCHULZE - HEINZ HOLLING |
DANKMAR BOHNING (EDITORS)

Systematic Reviews
and Vieta-Analysis

rlsterogerneity, NEW DEVELOPMENTS AND APPLICATIONS
Covariate and IN MEDICAL AND SOCIAL SCIENCES
Pulblications Bias

Medelling
Unifying Cencept

Hogrefe & Huber




Persenall Backaorouno:
E@enaINEeaI

Biemetrics (1992)
StatisticaliMedelling (1999)

Biometricalt Journal (2004)
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Viedellingl Effect="anea Nuisance
Parameter it Molt=FCenter Studies

Wpical setting: treatment- and: contrel Arm
FOr treatment arm:

Eor controll arm:




Viedelling Effect i Vitli-Center;
Stllciess AuypicalrExample




Viedellingl Effect="anea Nuisance
Parameter it Molt=FCenter Studies

parameter off Interest:

AUISANGCE parameter:

poisson log-likelihood




Viedellingl Effect="anea Nuisance
Parameter it Molt=FCenter Studies




KEeeping| the: parameter of Interest
lixed ane maximiZing e e
RUISERCENPIEINELEIE:

~C

A

AC
replacing A% by its estimate A
~AC

A




|eads) te) the! beauitl simple
PlrefileCegHikelliieed "

... building the profile over all centers:




AGVaRIZGES

AUISance parameter eliminatead
Profile likeliheod! s, simple (In this; case):

peneficial net enly: for effect strlctures Ut alsoe for
covariance: structures (Simplification; of: EIsher
Ifermatien)




Preblems Ioeked at: NeMeEEROUS CaSE

6. =0 for all centers 1 =1,...,k:

Score equation for profile MLE gives:




Prehlems lepked at: NemMeFgEeneUs
GISE

Clese connection| to; Mantel-Haenszel:
s arms balanced then: PMLE = MH

» Non-sparsity: PVILE ana MEFclose

a Sparsity: PMLE more efficient




@Venrview

IHIStenRy,

General Tepics

Current Areas ofi Interest
REeseaiCihACaSHRNEIERE e




Viedelling Effect-IHetereogeneity imrvitio=
Center Studies:
Uplo)ejsapy/elel pletefojefeinlelny

Allewing e Unekserved heterogenelty leads to
mixtures of profile log-likelinoeds

Where mixing distiHpuien: can be parametric

0f non—parametric

s stroeng| results on NPMLE pessible using convex theory.
a estimation with EM o glehallascent algerithms




Viedelling Effect-IHetereogeneity imrvitio=
Center Studies:

URBRSEREa S EICOEEREIL,

Comparisen Withretherr approaches; such: as

a approximating nemmal (preblem: Uuse empircal
estimate of thnalfvamnance)

x multi-level approeachi (ala Murray Altkin)




Viedelling Effect-IHetereogeneity imrvitio=
Center Studies: Observed
rleiefoejenleiny/~CoVelifieiie i fEiion

Ofiten additenal tral infermatien: IS  availanie: s.a.
study: date; treatment medifications, patient
characteristics

SUppPEeSsE Infermation s captured in a covariate
\/ECLOr




Viedelling Effect-IHetereogeneity imrvitio=
Center Studies: Observed
rleiefoejenleiny/~CoVelifieiie i fEiion

Log-likelihend PECOmES

using & =exp(S, + S 'z)

Streng results possihle:

s Hessian hasi simple structure

a Hesslan has lewer beund: (lower bound algerthm pessikle)
a Guaranteed convergence to VILE
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Capiure-Recapture: Procedures hased
ColRRG PIStHpUIeRS

Basic objective off CR:
estimate population size: s
I particularr of Interest in ﬁ:

areas Wwhere: direct o
counting Is difficult such as;

s a wildlife pepulation
(historic genesis)

= hew many peeple drive a
car witheui license?

= fIGW many. practicing P
physicians are alcohol dep.? y/

= hew may cases of a disease ‘} Ui T
remain undetected? o v.m‘ N O e

Adjustment for undercount




HeW many. cases /. In &
cJojoLllziile)r)?
Seme mechanism Identifies /7. cases

D) prebanility: off veing net identiiied oy
the mechanism
TThen:
N=Np, + (1-py) N
= Unohserved + ohsernved cases
~ NPy #1

= L et

= Nn/(1-p,)

(Hoemwitz- Thempsen)




HeIVIZEIIeIMPSeREARPIOACH
SEEmS easy,, oui:...

IRclusion propanility’ eften UiRkneya
and censequently,

appreaches dilier il the way: they,
estimate: the Inclusion: prekanility,

OIF IRl OthEer Words;, hew: they.
model 7, &




PDEVelepments

Inclusion Probability ‘
to be modelled ,g
Modelling Multiway Modelling the
Contigency Table Counting Distribution

2 x 2 Table log-linear Simple Mixtures of
Independence Modelling Distributions Simple
Distributions

Lincoln-Petersen Poisson Binomial
Estimator




e Cotinting DIstrluien

... occurs when the mechanism can catch multiple
identifications (s.a. police identifies and expells an
lllegal iImmigrant several times)




Frequency

Distribution of Observed and Predicted Counts of Sources
for fictional data of multiple identifications

1000

900
800
700
600

Blue = fitted under model
Red = observed

500
400
300
200

100
0

0 1 2 3 4 5 6 7
Number of Idenfications




The Counting Distrlkubion: A
RISIEHC EXample

McKendricks™s cholera data

Village i lndia haa
NeUSEnolds wWithrcholera
CASEs /1,=52, ,=16; 1,=0,
n,=1

McKenadrick ignered the
NOUSES WIth NOo Cases

Constructed an estimate
(moment) vased upoen a
PoISson assumption for the
counts

ﬁ\ House affected, /m cases




Fhe counting distibUtien: &
ECEn ExXampleNiomISCiecning

Lloyal & Eremmer
(2004, Applied
Statistics) Screening
eI heWEll cancer

38,000 men screened
I Sidney’ at 6
CONsecutive days by
means oii Self=tesing
for bloed I stoeols

3,000 tested positively: at
least once and cancer
status evaluatead

196, Were: confirmed
positive te have: hewel
Camncer

IHOW, many: ol 35,000
URceniirmEd negative
nave howel cancer?




e colnting distiputien: a recent
ExaImpIEIGmMISCEcning

o0+ [ confirmed
firequency /7, off those = 45. positive

testedi negativerat all 40-
6 times with bewel ? 35 |

CanCcer Is unknewn Q 301

an estimate. oft /7, o 25
mIght e construcied = 20-
fifem the distrbution 15-
[y My g 107

of counts g'

O 1 2 3 4 5 6
Count tested positive




Simple Distibutienal Count Viodels
Poisson (for unobservable counts)

truncated Poisson (for observable counts)




Simple Distibutienal Count Viodels




VE=EStimation In’ Zere-lirtncateo
PoeIssen Viedels

Step 1:




ENEAIGeHbLRI

Step 1 (M-Step):

Step 2 (E-Step):




VE=EStimation In’ Zere-lirtncateo
cotntMeaels

Zero-truncated




ENEAIGeHbLRI

Step 1 (M-Step):

Step 2 (E-Step):




Moere fiexisle and renust
APPIE2CHFRIEUG R MILUIES

Simple: counting seurces, distrhutiens stch
as Binemialland Poeissen reguire
assumptiens sUch as hemoegeneity: of
identification: prokanilities thatare seldem
met I reality;

allewing the identrfication prekalility te
Vany Inrunehsened: sub-populaticons willkve
moere realistic




e mixtlre approachiin a nutshael

mixture density

component density

mixing distribution




Nested EM-Algertam
Step 1 (M-Step):

EM algorithm for mixtures

Step 2 (E-Step):




gcUITY

Ministry. oHBublic | H‘e

" collects routinely, data o)
use via the ONCBron drug
users visiting treatment

- [nstitutions

|

In a pilot study (Bo -

Busaba, Chukiat et al. 2004
_EUJE) CR-Poisson m|xt req
\Model applied td [data fi om! /

20[0)2 (Iast quarter) |

Major emphasis; on heroin and
metamphetamin. users

hnlng




Application: suivelllance study en

diitigruse iRtailiand
3000 1,

Count distrlbution
(Counting nUMEr of 2500

A - L1 Heroin
VISItS)) ol MErein; USers 20001

n = 7,048 observed 15007
erein; users (2004, 4) 1000+

2001

O
o 9 13 17

Number of visits




Counting contacts te treatnent
RstittitensS e URCEMMON

Previeus moedelling dene: primarily: by,

practitieoners With puklications; in

Addiction, Addiction; Research & Theony, Journal of
Drug Issues, Jourmnall eff Quantitative Cirminelogy,

Moedelling uses primaiily: simplerPoissen

simple ter understand, torapply andiuse, and te
communicate

NGWEVEL: ofiten net apprepriate

petter: semi-parametrc Mmoedels for counts
suchi as Poisson mixtures




Some results

1=, 048 (ggs2ryea))

N=17,2/8

N=pl=180), 280 (rilclel=y] )
RO |

BSENEU/NICEERE06S

Estimating the Number of Heroin

Users:

g;

log-likelih.

AIC  BIC

1 275

1,00

-15462

-30927  -30934

7543

2 0,88
9,40

0,75
0,25

-13214

-26434  -26455

10226

3 041
2,97
6,80

0,69
0,22
0,09

-13134

-26279  -26313

13350

4 021
2,13
5,84

0,70
0,19
0,10

12,20 0,01

-13120

-26255 -26303

17278

AIC = 2 x log-likelihood — (2k — 1)2
BIC = 2 x log-likelihood — (2k — 1) log(n)



frequency (log-scale)

Pllet sttdy for Bangkek; 2004 (4)

count distributions of treatment episodes for heroin users

1000,00

100,00

10,00

1,00

0,10

(0,01

(0,00

(empirical = black; simple Foisson = red; Poisson mixture = blue)

r— 11 1 1 1 1T T T T T T T T 1
1T 2 3 4 &6 7 8 8 10 11 12 13 14 15

count of treatment episodes



take
ziplojinlel
10)0) ¢

Estimating the Number of Heroin

Users:

g;

log-likelih.

AIC  BIC

1 275

1,00

-15462

-30927  -30934

7943

2 0,88
9,40

0,75
0,25

-13214

-26434  -26455

10226

3 041
2,97
6,80

0,69
0,22
0,09

-13134

-26279  -26313

13350

4 021
2,13
5,84

0,70
0,19
0,10

12,20 0,01

-13120

-26255 -26303

17278

AIC = 2 x log-likelihood — (2k — 1)2
BIC = 2 x log-likelihood — (2k — 1) log(n)



PO USESE

d) JENSEN'S
INEGUZIILY,

19) ME2NN O}
eV IEE @i
UENTIXING
aIstikeUbeR
=isaimple
MEZNR

V. A Monotonicity Property
for the Population Size Esti-
mator

Result: Bohning and Schén (JRSS C'2004)

N MLE of population size w.r.t. a trun-
cated Poisson mixture with k components,
k=1,2,... Then:

Ny > Ny

likely, the more general statement is
also true:

Niy1 = Ni



= Current Areas of
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Concluding Remarks

Open Problems and Research
Questions

e Standard errors and confidence inter-
vals

e Suitable modification of resampling tech-
niques

e Validation studies

e Comparison to other approaches (Pollock-
Norris or Zelterman)

® ... Mixtures of binomials




Ve eCeRt WoKK IR PErSPECLVE

truncated mixture of Poisson: distrbutions

or ...

mixture: off truncated: Poisson distralbutions




truncated Poisson mixture
(cltlzifrplo)el=lh




mixture of truncated Poissons
(PrmalNeeel)




Hustration: dual model (ring) and prirmal model (+)
Lse equal welgnts and cormponent means 1 and 4

o
(W
|

Mixture Density
o
|




truncated Poisson mixture
(Aualhmoedel)

¢lose 1o the originallprokiem, easy: te
Understand and te; communicate

But technical difficult, because: of non-
INEarby




mure of tilncated PoiSsons
(Primalimedel)

Iess close tor the ergina
UL convex: prebleny Wit

preklem
il streng results

avallapleron NPMLE ane
estimation

glokal ML




HewW: aierdualrand prmeal medel
felfeiicie]?

Behning and Kuhnert: (2005, JASA)
Both share the same: likelihood surfaces

MICES can be explicitly, transtermed 1nte
each ether




ol
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Birth-conort disease-free with applications
to BSE

s Count daita. modelllng Wlth EXCEsS Zeros

|xture model —




