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Detection of Progressive Deterioration in
Early Onset Schizophrenia with a New
Statistical Method

Ying Qing Chen, Mei-Cheng Wang, and William W. Eaton

Abstract

Much controversy exists over whether the course of schizophrenia, as defined by
the lengths of repeated community tenures, is progressively ameliorating or de-
teriorating. This article employs a new statistical method proposed by Wang and
Chen (2000) to analyze the Denmark registry data in Eaton, et al (1992). The new
statistical method correctly handles the bias caused by induced informative cen-
soring, which is an interaction of the heterogeneity of schizophrenia patients and
long-term follow-up. The analysis shows a progressive deterioration pattern in
terms of community tenures for the full registry cohort, rather than a progressive
amelioration pattern as reported for a selected sub-cohort in Eaton, et al (1992).
When adjusted for the long-term chronicity of calendar time, no significant pro-
gressive pattern was found for the full cohort.



1. Introduction

An analyss d data on longtemrm raes d hospitalization from chorts n two psychi&ic
case registers concluti¢ha the couse d hospitalization becaeslightly moe bengn as it
progressed, consistent with tikencep of “progressive amelioration’(Eaton ¢ al. 1992) The
discussbn to tha paper gpressed concartha there was no adegeatontrad for a viable
aternative explantion, and thathe appearance amdioration had beenréfactually produced
by gradud changes n the administratie structure bthe hospitalsn the register area. In thi
analyss we appf a new stastical method (Wang and Ch&000 which dlows adjustmenfor
calendayear d admisson, gratification into subgroupsnd corred for other deficienciesi
tha method (descrilzbfurthe below), using dat from the same tira period and rieond
populdion, thd is, the psychiatric case registdrienmak.

The question of det®ration in couse has been cteal to the sudy of schizophremai
since the syndromwas irst definad. Kraepelin(Kraepelin 1919%eemed to imply thahe
course d schizophrera was pogressivey deteiorating; others have concludi¢ha the couse
might be bette characterized ith a tem like “progressive amelioration{Bleuler 1924;
Harding, ¢ al. 1987; McGlashan 198&ecertly, Mason & al (Mason & al. 1996)studied 67
patients wth ICD-9 schizophrer in a 13year followup study. Thig data analysisloes not
supporteither progessve deterioration or progssive amelioration and hence concladest the
course d schizophrera shoutl be relatively stabléNith dat on the cowge d hospitalizations
the statistical probla is 0 assess the md in the episodesfaommunity t@ures, which can be
measured by thkengths of two consective hospitalizatios: are they beconmig shorte and

shorte (deteiorating couse) orlonga and longe (improvement in cowwe)? In addition,data
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from psychi#ric case registers have portart limitations n addessng this question, becae
the time between hospitalizations itedbes not alwag reflect tle ebb and flow fothe clinical
course. Evenfithe notion thahospitalizatios are pioduced by the new engiance  psydotic
symptons is accepted, it is possible that eges n the threshal of hospitalization owetime
could produce apparent aiges n the lengt of canmunity tenue ove time. In this situation,
the stdistical problen is b adjus the assesmenm of trend, for tre calendayear in whichany
givenhospitalization occurs.

The symptomatalgy of schizophreai may reféct more than one disease process, and an
importart possilility i s that schizophreaimay be hetegeneousn its couse(Carpente and
Kirkpatrick 1988) Sone subgroupsfaschizophrera may have a deteriorating cear and
othes a more begn couse. Candida&t variables fosubdividing schizophremi into subtypes
include inportart factos that defie rik, such as agef @nset family history and obstieic
complications. The most oumon dtemp has been to deeakt subtypes based on ageonset
perhaps duentsuccesai pardlel endeavos with othe diseases. Eky onset ishought to refct
a more severe far o the diseaseThee is speculation, ith sorre supportie data, thia
schizophrerids with early onset hava hghe genetic loadig for tte disorder (DeLisl992); but
the evidence is far fra conclusive Obstéric comgications on the other had, ae consistently
ard drongly associated ith early age bonset (Verdouxteal. 1997). In 11 stueis d age o
onset ad obstéric comgications the age thresholds used to define “éangd an averagef @2
years. The statistical prolohehee is b test for tle presene d an intelaction of ag d onset

with the adjusted tred incommunity tenug episodesve the longtemm oourse d the disorder.

http://biostats.bepress.com/ucbbiostat/paper102



2. Methods
2.1 Data

Systeméc registration of pgents adntted to menthhogitals n Denmark vas startd in
1938. The associated hospidata was coputeaized in 1970 to include all casesH®B6
psychidric institutions n Denmark. The catchmearea fo the registry § the etire nation of
Denmark. The anonymous daiie fecaded ecurerces @ hospitalizations and othassociated
information from 8,811 pents §,493 mats and 3,318 femad) who wee adnitted to the
hospitalwith the diagnos of schizophrera far the first time in thar lives during the period
April 1, 1970, through March 25, 1988. The rernce and censog times are measured

days.

2.2 Statistical Analysis: Previous Approaches

Prdiminary dat analysis was condudt@nd pesented in Eatont al. (Eaton, ¢al.
1992). To study schizophrempiogresson ove time, two conceptualizations were adaptede
wasto study theoccurerce rateof the episodesfdospitalization ovetime in equaintervals
over the ertire followup peiod, noting tha epides tende to cluste in earlie time periods
anothe method vas tostudy the hazdrrae d hospitalizationsadjuging for risk factos such as
gender, agefmnsef and tothnumbe of hospitalizations during followp, by pooling
episodes whin individud participants The adjustmerfor total numbe of hospitalizations
estimate the tendencof any given indivdud to have many or & episodes—in efect, an
indicata of severity, which reasure pre-exiging heterogerigy in the sample a®tnatura

course. Afte that variable was adjusted, the éio the nexhospitalization as predicted by the

Hosted by The Berkeley Electronic Press



4

totd numberdready expaenced. The parameter foralnazad rae for the nh hospitalization
was small but negatiysuggesting thehospitalizations later in the cagr were more spread out
tempordly than those earlrein the couse: progessive amelioration.

The latte conceptualizatiorprovides a more appropriate anélyal stratgy for the
analyss d trend/pdtern of hospitalization ovdime. Usinga variam of the Cox Proportiona
Hazara nodd (Prentice, Villiams and Peterson, 1985 paamete was estimatéfor the trend
in paiods between hospitalizationslowever,the procedwr used amiappropriatendicata of
heterogenity: it did not correct for induced inforri@ae censang, as descritiebelow andit did
not hawe the inportart ability to adjug for calendayear in which the hospitalization oaced.
Heterogenity is observed as ffierent distributionad patterrs o the recurent hospitalizations fo
different individuals Pat of the heteogenéty can be explairgby the observeshdependent
variables, such as gendemnd agef onset However, soma d the heteogenédty can be caused
by unobservalel @ immeasurald variables, such as participdregsposue o unknown
environmenthrisk factors, or participants’ getypes. Therefa, even afteadjusting for tie
observed independent variables, #meay sill be unexplained heterogeiteleft anong
paticipants with the resli tha the recurrert hospitalizations are not independehtow ©

account for te dependence structuregudying the trad is statistically chiéenging.

2.3 Statistical Analysis. New Approach
A paticipant’s fdlowup is callal “censoretiif the recurences é hospitalizations are not
completely observed. Censoring ocir mog longitudind followup studeswhen the fil

course fa survival outcoras is not observed hee areanumbe of possibé reasons tw the
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outcones are not fully observeth the stuationto be siidied the two prominent cases &
censoing are matality prior to the end othe fdlowup, and the fact thateéhfdlowup ended
before individuak in the sample had finished theourse d hospitalizations The poportiona
hazard modd (Cox, 1972, Eaton,teal. 1992)requires the assuripn that censeoing is
independent. Howevethe hetesgendy of recurences n hospitalizationproduces &erious
complication. To illustrate the pblem conside two speciftc episodes bcommunity tenure
betweenhospitalizatios, tha is, the timre from the first hospitaization to the second
hospitalization(first community tenure), and the terfrom the second to the itld hospitalization
(second community tenurélthough the censng time d the first community tenurean be
assumed independerittbe first recurene time the censong time d the secondommunity
tenureis no longeindependentécawse the secondommunity tenureés more o less likely to be
censoredlepending on whethét is longe or horter. Ths phenomeon is called as “hduced
informative censoing,” which arises as a refiuof the unadjustalel heteogenéty of the recurert
hospitalizations.flthe induced informfive censang occurs, as seen in the daide analyzed,
a naive application of éhproportiond hazarsg nodd to analyze thesecondand later
hospitalizatios lead o bias (Wang and Chari99).

Wang and Chenfang ar Chen2000) introducedhe concep of comparabity to
overcone the poblem o induced informive censang. A par of uncensoredecuren times d
hospitalzation for one participdns sad to be “comparable” when both of tharenot longe
than hal of thar respectie censang time Based on the compaiiéity concept hypothes
testing and the stratifieregesson modes$ are develped to study thedngtem progresson of

schizophrera measured by piEcipants hospitalizations
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Suppose that T;; isthe jth community tenure of the ith participant. The following test

statistic will be used to test the direction and significance of schizophrenia progression:

TS= DY
Z in=1U i2=1

where U, = zj(kéi,jksgn{('l'ik -T,)(2 -2, )} , 8, ; isthe comparability indicator of T, and T, ,

and Z; and Z, arethe trend measures of the jth and kth community tenures. The null hypothesis
of H, of thistest isthe equality of distributions of all community tenures F, = F,, =... againsta
prior dternativeof F, <F,<...orF,2F,>...,fori=12... n.

For the regressin analysis, a clasg$ accelerated flure time nodek with random &ects

is used to estimate theagnitude bthe progresson:

logT; =a; +Bj+yz +g;,
wher a;, B, y ar parameters ang| is raxdom eror. Hee e’ is the Mdtiplicative
Progesson Constant (MPQ)f consective recurernt hospitalization tires @ community
tenues, yis the effect for my possibé confoundig factos anda; are subgctspecifc effect
which repesens the possible unadjustaltheteogendty. It is noted tha the parameterfof is
of the most interest in chacterizing the pygresson ove time. For exampleif  =log 2, then

the MRC of community tenugsis 2, whichindicakes pogressive amelioratiobhecase the

hospitalization tend®tbe bnge and longe by doubling; if 8 =-log 2, then the ME of

community tenugsis %2, whichindicaies pogressive deterioratiobecage the inter

hospitalization tines tend to be shortend shorte by halving; if 3 =0, then it nears there is no
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progresson tendency whatsoever.

To bdter understad the MPCwe introduce arequivalent oncept termed “Doubling
Halving Constarit(DH Constant). The DH Constant is the numbfecommunity tenues after
which the lendt of canmunity tenue is doubld (if progressive amelioration) or hahge(if

progressie deterioration)lt is defined as

L
DH = Hog 2 |
0|8l ¢
C
where %T%ﬁ[ is the closest integer J%ETZ. For exampleif 8 =0.1, then the ME is
U L

€' =1.105 and DH=6. This means the second community tenisr10.5% longethan the frst
community tenug for two consective pairs Or equivalently, afte 6 consective canmunity
tenues, the  community tenug will be double. If 8 =-0.1, then the ME is ' = 0.905
and DH=6. This means the second community tenisr9.5% Borter tha the frst conmunity
tenue for two consective pairs Or equivalently, afte 6 consective canmunity tenues, the ¥

community tenurevill be halved.

3. Results
For the Danishdata describd in the above section,enfirst perform stéistical testingsd
explore whether or not there is aggiressve tendency of@curert community tenues and
detect the potentiddirection of sub tendency. &st statistics are cqted anddisplayed in
Table 1. For tle test statistics showin the table, associatpevalues are calculated based on the

standard normalistribution.In general, g-value that is less than 0.05 implies aytsficart”
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progresson trend ove time. The sgn of the test statistic represents theedtion of tre
progresson— a po#ive sgn mears ovatime increasen length of conmunity tenues, thais,
“progressive amelioration,” whe a negatie sgn mears “progressve deterioration.” As show
in Tabke 1, for all tke 8,811 regisants n the data sethe test statistic fahe progresson is—
5.5165 with ap-value muchéss than 0.05, whichears that tle eriire sudy cohort las a
generapattern of gynificart progessiwe deteriorationfithe induced informfive censadng is
accounted for, thas, the canmunity tenues tend to be shortend shorter.fithe etire sudy
cohort is divided into ma and femad goups then both gendegroups show gnificart
tendency of prgressie deterioration.flit is divided into four groups accordj to the
paticipants onset ags (o olde than 20, 2230, 3:44 and no youngehan 45) then the
paticipants wth early schizophreanionset lsow grong tendency of jagressive deterioration, as
manifested by the gnificart test statisticsfahe groups @& onset ags no oldethan 20, 2130
and 3144. Although the test statistic is alsogagve for the participants wh ther first
schizophrera symptoms after &5, it does not®w a sgnificart tendeng of ether
progressive amelioration or deterioration. Furthermafehe enire sudy cohort is cross
classified by gendeand onset ge goups for boh maks and femals, paticipants wth earlig
onset ags consistently showggiificart tendeng of progressie deterioration (mak no olde
than 20, 2130, 3144 and femads no oldethan 20, 2130), while hose vith late onset ags do
not yow ay significart pattern.
[Table 1. about here]
As measured by the test statistitd abk 1 and accounted foreghnduced informave

censoing, the participants suijt to early schizophremionset lsow a sgnificart patten of
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shorte and shorte community tenues, which implies mrgressive deterioration. The question
now is wha is the magnitudefesud graduadeterioration tendency? 8\use the mposed
regresson modéto measue the magnitudeniterns d the MPC’s @ DH ConstantsEdimates

of regiesson codficient of  are displayed in Tall 2 for tte enire sudy cohort ad its
subgroups. Siitar to the sgns d the test statisticqiTabk 1, a poisive (negativgestimate

B implies pogressive amelioration (deteration), espectively. The magnitudé e’ is the

MPC. For tke erire cohort, the ME is e°°**=0.986 with 95% ®nfidence interval
(0.983,0.989), which gars onaverage each following community teaus 1.4% signitiartly
shorte than its precedig one. @ equivalently, DH Constant = 50, i.e., it &kthe etire sudy
cohort 50 moe canmunity tenues after te first one b halve the coimunity tenure. Ahough
statistically significant this effect is small inlmical or administratie terms.

For males and femas, the MPC'’s are 98.6%@& 98.9%, corresponding to the DH
Constang d 48 and 62, eéspectively. For differdronset ag groups the goup with
schizophenia onset during age 21 to 30 has the fastest deteriorateod 6ab% cecremenper
community tenug (DH Constant = 46)while the latest onset agyoup has the slowest
deteioration raé d 0.7% (DH Constant = 94jvhich & in fact no longesignificant aad may
imply that the late schizophreaionset wuld have relatively stabldisease pgresson. ff
compared acis gendeand onset ag subgroupsthe goup with onset ags less than 21 has the
largest MR for the females (ME = 97.4% DH Constant 26) and thd with onset ag between
31 and 40 for ta males (ME = 97.9% DH Constant = 33)All gende and onset ag subgroups

excep males vith onset ags d 45 or highe show piogressive deterioration, lthough the males
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with onset ages less than 21, the females with onset ages between 31 and 44 and 45 or higher do
not show significant pattern. However, comparing to other subgroups, we may need more data to
increase the sample sizes for further justification.

[Table 2. about here]

Although the progressive pattern of schizophreniais modeled and identified by
comparing two consecutive community tenures, the community tenure itself may be determined
by not only the trend measure of what episode it belongs to, but also at what calendar time it
starts. Thisis because many factors that could influence community tenure would vary over
time. For example, the changes in the threshold of hospitalization over time could affect the
trend. It is necessary to estimate the adjusted progressive pattern, as if every community tenure
starts at the same date, as displayed in Table 3. Controlling for the calendar time at which the
community tenure starts, the adjusted trend of community tenure for the entire cohort is stable
(adjusted MPC = 99.99% with p-value of 0.87), suggesting neither progressive amelioration nor
deterioration. In terms of the DH Constant, it would take 6,931 more episodes to halve the
community tenure, controlling for initiation timing of community tenure. Even though the
overall adjusted MPC is not significant, the female group shows significant progressive
deterioration with adjusted MPC of 99.47%. All subgroups of different onset ages demonstrate
negative adjusted progression patterns, among which the subgroup with the youngest onset ages
has significant adjusted MPC of 98.69%.

In summary, if the induced informative censoring is accounted for, the entire study cohort
supports the notion of progressive deterioration, although the pattern becomes non-significant if

adjusted for the initiation timing of community tenures.
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[Table 3. about here]

4. Discussion

The new statistical methodology presented in this articleis different from that used in
Eaton, et a. (Eaton, et al. 1992). The new method directly models the length of community
tenure for every episode, instead of studying the hazard rates of the community tenures.
Compared with the methods in Eaton, et a. (Eaton, et al. 1992), the new method has some
distinct advantages: (1) the progressive pattern of community pattern is clearly defined in terms
of the community tenures themselves, and the defined MPC or DH Constant has explicit clinical
interpretation; (2) more importantly, it provides a correct approach dealing with the phenomenon
of induced informative censoring caused by the heterogeneity of schizophrenia among
individuals.

As a contrast, testing of trend has also been done for the 600 participants of the Danish
cohort originally presented in Eaton, et a. (Eaton, et a. 1992). The cohort in that analysis was
chosen, in part, to minimize the effect of informative censoring, which might be a nonrandom
sample of the entire cohort. By applying the new statistical methods, no significant progression
pattern was shown except for the female group with onset age between 31-44 (test statistic = -
2.03 with p-value 0.04). However, since there are eight subgroups being tested and the result did
not make clinical and theoretical sense, we surmise the finding is not meaningful. In short, the
new method of analysis generates the same cohort used in the earlier study, asin the entire
sample. But, the new method works better when the sample sizeisfairly large, because only

comparable pairs of community tenures are utilized to construct appropriate testing and
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estimation procedes. Ths may also be ky the new métod, though correctioes not
efficiently detect the piogressive pattern in the cohoft @0 paticipants

In summay, devdopment d a new stastical pracedue allowel a drect and unbased
test d the question of prgressive amelioration versus deterioration. Td@ras some evidence
for deterioration in unadjusted models, especially in groughsearly onsetAfter adjustnent
for calendatime, the traxd in times between hospitalizations was stable ¢inee — tha is,

presented no evidencerfeither progessive amelioration or progssie deterioration.
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Table 1. Hypothesis testing on long-term trend of community tenures

# of Subjects Test Statistics p-value
Entire cohort 8,811 -5.52 <0.005

Classified by age of onset

-20 1,065 -2.24 0.03
21-30 4,168 -5.34 <0.005
31-44 2,330 -3.31 <0.005
45- 1,248 -0.48 0.63

Classified by gender

Female 3,318 -3.89 <0.005
Male 5,493 -4.08 <0.005

Cross-classified by gender and age of onset

Female
-20 305 -2.87 <0.005
21-30 1,253 -2.43 0.02
31-44 959 -1.24 0.21
45- 801 -0.64 0.52
Male
-20 760 -1.82 0.07
21-30 2,915 -4.84 <0.005
31-44 1,371 -3.08 <0.005
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Table 2. Magnitude of long-term trend of community tenures

Beta SD p-value DH
Entire cohort -0.0138 0.0014 <0.005 50

Classified by age of onset

-20 -0.0107 0.0042 0.01 65
21-30 -0.0151 0.0020 <0.005 46
31-44 -0.0145 0.0027 <0.005 48
45- -0.0074 0.0039 0.06 94

Classified by gender

Female -0.0112 0.0022 <0.005 62
Male -0.0145 0.0018 <0.005 48

Cross-classified by gender and age of onset

Female
-20 -0.0267 0.0075 <0.005 26
21-30 -0.0085 0.0036 0.02 82
31-44 -0.0050 0.0042 0.23 139
45- -0.0178 0.0510 0.73 39
Male
-20 -0.0086 0.0048 0.07 81
21-30 -0.0170 0.0023 <0.005 41
31-44 -0.0213 0.0012 <0.005 33
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Table 3. Adjusted magnitude of long-term trend of community tenures by initiation

calendar time

Entire cohort

-20

21-30
31-44
45-

Female
Male

Female
-20

21-30
31-44

Male
-20
21-30

31-44

Beta
-0.0001

Classified by age of onset

-0.0132

-0.0001
-0.0006
-0.0010

-0.0053
-0.0001

SD
0.00060

0.00169

0.00086
0.00113
0.00158

Classified by gender

0.00096
0.00076

p-value
0.87

<0.005

0.91
0.60
0.53

<0.005
0.90

Cross-classified by gender and age of onset

-0.0008

0.0002

0.0010

0.0079

0.0010
-0.0001

-0.0002

0.00321

0.00158

0.00182

0.00062

0.00204
0.00033

0.00150

0.80

0.90

0.58

<0.005

0.62
0.76

0.18

DH
6,931

53

6,931
1,155
693

131
6,931

866

3,466
693

88

693
6,931

3,466
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