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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 analysis of dataonlongterm ratesof hospitali zation from cohartsin two psychiatric
caseregisters ancluded that the amurseof hospitalizaion kecane dightly more benign asit
progressé, consistent with the concept of “progressve anelioration” (Eatonet a. 1992. The
disaussonto that paper expresse concern that there wasno adequate control for aviable
aternative explanation, and that the gopearance of amelioration had been artifacually produced
by gradual changesin the alministrative dructure of the hospitalsin the register area In this
analysiswe gply anew statistica method (Wang and Chen 2000 which all ows aljustment for
cdendar yea of admisson, stratification into subgroups, and correds for other deficienciesin
that method (deseibed further below), using data from the same time period and rational
popuation, that is, the psychiatric caseregister of Denmark.

The quedion d deteriorationin coursehasbeen central to the gudy d schizophrenia
sincethe g/ndrome wasfirst defined. Kragpelin (Kragpelin 1919 seeamned to imply that the
courseof schizophreniawasprogressvely deteriorating; others have concluded that the murse
might be better charaderized with aterm like “progressve anelioration” (Bleuler 1924
Harding, et a. 1987 McGlashan 1989§. Recently, Mason, et a (Mason, et a. 1996 studied 67
patients with |CD-9 schizophreniain a 13-yea follow-up study. Their data analysis doesnot
suppat either progressve deterioration a progressve amelioration and hence oncludes that the
courseof schizophrenia shoud be relatively stable. With data onthe courseof hospitali zations,
the datisticd problemisto assesshetrendin the gisodesof community tenures which can be
measired by the lengths of two conseaitive hospitali zaions: are they becoming shorter and

shorter (deteriorating coursg), or longer and longer (improvement in course? In addition, data
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from psychiatric caseregisters have important limitations in addressng this quegion, kecaise
the time between haspitali zations itsdf doesnot always refled the ébb and flow of the dinicd
course Evenif the nation that hospitali zations are produced by the new emergence of psychatic
symptomsis acceted, it is possble that changesin the threshold of hospitalizaion over time
could produce parent changesin the length of community tenure over time. In this stuation,
the statisticd problem isto adjust the asssament of trend, for the cdendar yea in which any
given hospitalization aceurs.

The symptomatology d schizophrenia may reflea more than ore diseasgrocess and an
important posshility isthat schizophreniamay be heterogeneous in its course(Carpenter and
Kirkpatrick 1988. Some subgoups of schizophrenia may have adeteriorating course and
others amore benign course Candidate variablesfor subdviding schizophrenia into subtypes
include important fadors that define risk, such as aje of onsd, family history and olstetric
complications. The most common attempt hasbeen to delineae subtypesbaseal onage of onsd,
perhaps due to successn parallel endeavors with ather diseasesEarly onse isthough to reflea
amore severe form of the disease Thereis eaulation, with some suppative data, that
sdhizophrenicswith ealy onse have ahigher genetic loading for the disorder (DeLisi 1992; but
the evidenceisfar from conclusive. Obstetric compli cations, onthe other hand, are wnsistently
and strongy as®ciated with ealy age of onsd (Verdouxet a. 1997. In 11studiesof age of
onsd and olstetric complicaions, the age thresholds used to define “ealy” had an average of 22
yeas. The gatisticd problem hereisto teg for the presence of an interadion d age of onse

with the ajusted trend in community tenure gpisodesover the long-term courseof the disorder.
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2. Methods
2.1 Data

Systematic registration d patients admitted to mental hospitalsin Denmark was sarted in
1938.The assciated haspital datawas @mputerized in 1970to include dl casesrom 86
psychiatric institutions in Denmark. The cachment areafor theregistry isthe entire nation d
Denmark. The anonymous data fil e recorded reaurrencesof hospitalizations and aher as®ciated
informationfrom 8,811 m@tients (5,493males ad 3,318 emaesg who were aimitted to the
hospital with the diagnasis of schizophreniafor the first timein their livesduring the period

April 1, 1970, throughMarch 25, 1988The reaurrence and censoring times ae measired in

days.

2.2 Statistical Analysis: Previous Approaches

Preliminary data analysis was onducted and presented in Eaton, et al. (Eaton, et al.
1992). To study schizophrenia progresson ower time, two conceptuali zations were alapted: one
wasto study the occurrencerate of the goisodesof hospitalization ower timein equal intervals
over the antire followup period, nating that episodestended to cluster in ealier time periods,
ancther methodwasto study the hazad rate of hospitali zations adjusting for risk fadors auch as
gender, age of onsd, and total number of hospitalizations during foll owup, by poding all
episodeswithin individual participants. The aljustment for total number of hospitalizations
edimated the tendency of any gven individual to have many o few episodes—in effed, an
indicator of severity, which measires pre-existing heterogeneity in the sanple asto netural

course After that variable was aljusted, the time to the next hospitali zation waspredicted bythe
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total number already experienced. The parameter for the hazad rate for the nth hospitali zation
was snall but negative, suggeding that hospitali zations later in the mursewere more Ppread ou
temporally than those edier in the course progressve anelioration.

The latter conceptuali zation provides amore gpropriate analyticd strategy for the
analysis of trend/pattern of hospitalizaion ower time. Using a variant of the Cox Propartional
Hazads model (Prentice Willi ams and Peterson, 198), a parameter was efimated for the trend
in periods between haospitali zations. However, the procedure used an inappropriate indicator of
heterogeneity: it did na corred for induced informative censoring, asdeseibed below, andit did
not have the important ability to adjust for cdendar yea in which the hospitalizaion accurred.
Heterogeneity is obsaved asdifferent distributional patterns of the reaurrent hospitali zations for
different individuals. Part of the heterogeneity can be explained by the obseved independent
variables such asgender, and age of onsd. However, some of the heterogeneity can be caised
by unolsevable or immeagirable variables such asparticipants’ exposure to unknavn
environmental risk fadors, or participants genotypes Therefore, even after adjusting for the
obsaved independent variables there may still be unexplained heterogeneity left among
participants, with the result that the reaurrent hospitali zations ae not independent. How to

acourt for the dependence dructurein studying the trendis satisticdly challenging.

2.3 Statistical Analysis. New Approach
A participant’ s followupis cdled “censored” if the reaurrencesof hospitalizations ae not
completely obsaved. Censoring accurs in most longtudinal followup studieswhen the full

coursefor survival outcomesis not obsaved. There ae anumber of possble rea®ns why the
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outcomes ae not fully observed. In the situation to be gudied, the two prominent causesof
censoring are mortality prior to the end d the followup, and the fad that the foll owup ended
before individualsin the sanple had finished their courseof haospitalizations. The propartional
hazads model (Cox, 1972 Eaton, et al. 1992 requiresthe asamptionthat censoringis
independent. However, the heterogeneity of reaurrencesin haospitali zaions produces aseious
complication. To ill ustrate the problem, consider two spedfic episodesof community tenures
between hospitali zations, that is, the time from the first hospitalizaion to the seond

hospitali zation (first community tenure), and the time from the seondto the third hospitali zation
(seondcommunity tenure). Althoughthe censoring time of the first community tenure can be
assimed independent of the first reaurrence time, the cansoring time of the seond community
tenure isnolonger independent becaisethe seond community tenureis more or lesslikely to be
censored depending onwhether it islonger or shorter. This phenomenoniscdled as ‘induced
informative censoring,” which arises as aeallt of the unadjustable heterogeneity of the reaurrent
hospitali zations. If the induced informative censoring accurs, as seer in the datato be analyzed,
anaive gplicdion d the propational hazads model to analyzethe seondand later

hospitali zations leads to bias(Wang and Chang 1999.

Wang and Chen (Wang and Chen 2000 introduced the concept of comparability to
overcome the problem of induced informative censoring. A pair of uncensored reaurrent timesof
hospitali zation for one participant is sad to be “comparable” when bah of them are nat longer
than half of their repedive cansoring time. Basal onthe comparability concept, hypahess
teding and the gratified regresson models ae developed to study the longterm progresson o

schizophreniameasired by participants’ hospitali zations.
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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 -, )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, =... against a
prior alternativeof F, <F,<...or F,2F,>...,fori=12,...,n

For the regresson analysis, a dassof acceerated fail ure time models with randam effeds

is usel to edimate the magnitude of the progresson:

logT; =a; +Bj+yz +g,
where a;, B, y are parameters and g; israndam error. Here e’ isthe Multiplicaive
Progresson Constant (MPC) of conseaitive reaurrent hospitali zation timesor community
tenures yisthe dfed for any pessble mnfoundngfadors and a; are subjed-spedfic dfed
which represents the possble unadjustable heterogeneity. It is noted that the parameter of 8 is
of the most intered in charaderizing the progresson ower time. For example, if 8 =1og2, then

the MPC of community tenuresis 2, which indicaesprogressve anelioration becaisethe

hospitali zation tends to be longer and longer by doubling; if 8 =-log2, then the MPC of

community tenuresis Y2, which indicatesprogressve deterioration becausethe inter

hospitalizaion timestend to be horter and shorter by halving; if 8 =0, then it meansthereisno
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progresson tendency whatsoever.

To better understand the MPC, we introduce an equivalent concept, termed “Douling-
Halving Constant” (DH Constant). The DH Constant is the number of community tenures dter
which the length of community tenure is doulled (if progressve anelioration) or halved (if

progressve deterioration). It is defined as

L
DH = Hog2 |
0|8l ¢
Hog2L . . log 2 o .
where BW[ isthe doses integer to W For example, if 8 =0.1, thenthe MPCis
U L

e’ =1.10 and DH=6. This means the seond community tenure is 10.8% longer than the first

community tenure for two conseaitive pairs. Or equivalently, after 6 conseattive mmmunity
tenures the 7" community tenure will be douted. If 8 =-0.1, then the MPCis ! =0.9(b

and DH=6. This means the seondcommunity tenureis 9.5% shorter than the first community
tenure for two conseaitive pairs. Or equivalently, after 6 conseative @wmmunity tenures the 7"

community tenure will be halved.

3. Results

For the Danish data descibed in the dove setion, we first perform statistica tegings to
explore whether or not there is aprogressve tendency of reaurrent community tenures and
deted the potential diredion d such tendency. Ted statistics ae cmmputed and displayed in
Table 1. For theted statistics $1own in the table, as®ciated p-values ae cdculated basel onthe

standard namal distribution. In general, a p-value that islessthan 0.05implies a “sgnificant”
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progressontrend ower time. The sgn d the ted statistic represents the diredion d the
progresson— a positive $gn means overtime increasan length of community tenures that is,
“progressve anelioration,” while anegative sgn means “progressve deterioration.” As $iown
in Table 1, for all the 8,811registrantsin the data sé, the ted statistic for the progressonis—
5.5165with a p-value much lessthan 0.05,which means that the entire gudy cohat has a
general pattern of significant progressve deterioration if the induced informative censoringis
acouned for, that is, the mmmunity tenurestend to be horter and shorter. If the entire sudy
cohort isdivided into male and female groups, then bah gender groups $how significant
tendency of progressve deterioration. If it is divided into four groups acording to the
participants onsd ages(no dder than 20, 2230, 344 and no youngr than 45, then the
participants with ealy schizophrenia onsd show strongtendency of progressve deterioration, as
manifeged bythe ggnificant ted statisticsof the groups of onse agesno dder than 20, 2130
and 3%44. Althoughthe ted statistic is dso negative for the participants with their first
schizophrenia ymptoms dter age 45, it doesnaot show a sgnificant tendency of either
progressve amelioration a deterioration. Furthermore, if the entire gudy cohatt is aoss
classfied by gender and orse age groups, for bath males and females participants with ealier
onsd ages onsistently show significant tendency of progressve deterioration (malesno dder
than 20, 2130, 3144 and femalesno dder than 20, 2130), whil e thasewith later onsd agesdo
not show any significant pattern.
[Table 1. abou here]
Asmeasired bythe ted statisticsin Table 1 and acourted for the induced informative

censoring, the participants sibjed to ealy schizophrenia onsd show a sgnificant pattern of
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shorter and shorter community tenures which impliesprogressve deterioration. The quedion
now is, what is the magnitude of such gradual deterioration tendency? We usethe propcsed
regresson model to measire the magnitude in terms of the MPC's or DH Constants. Estimates

of regresson coefficient of 3 are displayed in Table 2 for the entire fudy cohat andits
subgoups. Similar to the sgns of the ted statisticsin Table 1, a positi ve (negative) edimate of

B impliesprogressve amelioration (deterioration), regpedively. The magnitude of € isthe

MPC. For the entire what, the MPC is € *”® =0.98 with 99% confidenceinterval
(0.983,0.989 which means on average eat foll owing community tenure is 1.4% significantly
shorter than its preceding ore. Or equivalently, DH Constant = 50, i.e., it takesthe entire gudy
cohat 50 more coommunity tenures dter the first one to halve the community tenure. Although
statisticdly significant, this dfed is small in clinicad or administrative terms.

For males and females the MPC’s ae 98.6% and 98.9%6, corregpondng to the DH
Constants of 48 and 62,reedively. For different onse age groups, the groupwith
schizophrenia onsd during age 21 to 30 lasthe faged deterioration rate of 1.5% deaement per
community tenure (DH Constant = 46), whil e the lated onsd age group hasthe dowed
deterioration rate of 0.7 (DH Constant = 94), which isin fad nolonger significant and may
imply that the late shizophrenia onse would have relatively stable diseasgrogresson. If
compared acossgender and orsd age subgoups, the groupwith orsd ageslessthan 21 rasthe
larged MPC for the females(MPC = 97.4%, DH Constant = 26) and that with orse age between
31 and 40for the males(MPC = 97.9%, DH Constant = 33). All gender and orsd age sibgoups

except maleswith orsd agesof 45 a higher show progressve deterioration, althoughthe 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 article is 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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edimation procedures This may also be why the new method, thoughcorred, dcesnat
efficiently deted the progressve pattern in the mwhart of 600 participants.

In summary, development of a new statisticd procedure dlowed adired and unbasel
ted of the quedion d progressve amelioration versus deterioration. There was ®me evidence
for deterioration in uradjusted models, epedally in groups with ealy onsd. After adjustment
for cdendar time, the trend in timesbetween haspitali zaions was $able over time —that is,

preseaited noevidencefor either progressve amelioration a progressve 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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0.54
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0.59
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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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0.0104

0.0062

0.09

18

67
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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

45-

Male
-20
21-30

31-44

Beta SD p-value
-0.0001 0.00060 0.87

Classified by age of onset

-0.0132 0.00169 <0.005
-0.0001 0.00086 0.91
-0.0006 0.00113 0.60
-0.0010 0.00158 0.53

Classified by gender

-0.0053 0.00096 <0.005
-0.0001 0.00076 0.90

Cross-classified by gender and age of onset

-0.0008 0.00321 0.80
0.0002 0.00158 0.90
0.0010 0.00182 0.58
0.0079 0.00062 <0.005
0.0010 0.00204 0.62
-0.0001 0.00033 0.76
-0.0002 0.00150 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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