
















































































































































































stratum is permitted to have a different baseline hazards function, while the coefficients of the

remaining covariate are assumed to be constant across strata.

However, the remedies to the failure of the proportional hazards model assumption made through

stratification have a disadvantage. Especially for the continuous covariate, categorizing of this

variable into some levels may be subjective. Thus an alternative way is to build interactions

between covariates and time in the Cox regression model.

Here in our study we consider interactions between covariates and time, and then include the

interaction variable to the model. The estimate of the resulting model is given in Table 6 and 7.

Table 6: Omnibus Tests of Model Coefficients of the null model

-2 Log Likelihood

1791.922

Table 7: Omnibus Tests of Model Coefficients of the full model

Change From Previous

Change From Previous

-2 LL Overall (score) Step Block
] Chi-
Chi-square | df | Sig. } Chi-square df | Sig. \ square | df | Sig.
1376.745 l 629.211 12 | .000 ‘ 415.177 | 12 .000 { 415.177 | 12 i .000

The Omnibus test of model coefficient in Table 6 indicates that the null (intercept-only) model

has -2LL which is equal to 1791.922. The full model shown in Table 7 has the -2LL which is
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equal to 1376.745, a model chi-square difference of 629.211, which is significant at the given

level of significance. This shows that the model with the included variables explains the survival

duration better compared to the null model. On the other hand this means that at least one of the

variables included in our model has a significant contribution in explaining the survival

longevity of schizophrenic patients. To make an identification of this variable and make further

statistical interpretation we need to estimate the model parameters.

Table 8: Partial Likelihood Estimates for Fitted Proportional Hazards Models

Variable in 95.0% CI for
the model B SE Wald df Sig. Exp(B) Exp(B)
Lower Upper
durt -2.162 324 44.639 .000 118 .061 217
murt -1.349 215 39.314 .000 260 170 396
Sub use 17.593 .000
Sub use (1) -3.195 765 17.432 .000 041 .009 184
Sub use (2) -1.186 384 9.527 .002 305 144 .649
Marital 46.022 .000
Marital(1) -7.414 ’ 1.150 41.563 .000 .001 .000 .006
Marital(2) -5.325 .854 38.847 .000 .005 001 026
Marital(3) -3.240 640 25.652 .000 039 011 137
Marital(4) -1.583 493 10.311 .001 205 078 .540
Dur illness 51.586 .000
Durillness (1) | -9.475| 1.332 50.623 .000 .000 .000 .001
Dur illness (2) | -6.443  1.080 35.589 .000 .002 000 013
Dur illness (3) | -2.294 380 36.436 .000 101 .048 212
Sub uset -1.215 .000 297 157 562

326 |

13.925 |

The estimation results of Table 8 also show the supportive argument of the results in Table 6 and

7. In Table 8 one can conclude that the covariates duration of illness, marital status, substance
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use and the interaction variables duration of illness interacted with log of time (durt), marital
status interacted with log of time(mart), and substance abuse interacted with log of time(sub
uset) included to the model are all statistically significant at 0.05 level of significance. Here the
generated covariate with the interaction of the covariate and the log of time is significant. The
significance of this covariate supports that the proportional hazards assumption fails to hold as

indicated in Table 5.

The significance of the interaction variables (duration of illness interacted with log of time,
marital status interacted with log of time, and substance abuse interacted with log of time)
necessitate the need to include the interaction variable to the model. Moreover Table 8 shows
that marital status, duration of illness and substance use are time-dependent covariates. The
coefficient of interaction covariate is negative for each of these covariates implying that all of
these variables reduce the hazards ratio. When we come to the detail of each covariate, for

example for marital status interaction with log of time estimated value of the coefficient £ is

-1.349. Exp(ﬁ )= exp(-1.349) is 0.260 with a 95% confidence interval of 0.170 to 0.396, meaning
that the hazards ratio decreased by a factor of 0.260 due to the interaction of marital status and
log time effects. In a similar way the hazards ratio decreased by a factor of 0.115 and 0.279,
respectively, due to the interaction effect of duration of illness and log of time and substance use

and log of time.

Since the variable in Table 8 is time-dependent, we use a graphical interpretation. The graph in
the appendix shows a decreasing hazards rate with time. In the graph the patients with the lower
curve indicate higher death rate than the upper curve. When we come to the specific covariate for
example, for marital status the curves are in the increasing order for Divorced, Separated,
Widowed, Married and Never Married respectively indicating that keeping assuming the same
level for all other covariate Divorced schizophrenic patient have the highest death rate while
Never married schizophrenic patient have the lowest. In similar way the graph for substance use

and duration of illness are interpretable.
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Another way to accommodate the time-dependent covariate and to make a valid interpretation

from the resulting estimate is to stratify the data set based on the value of the time-dependent

covariate.

Table 9: Partial Likelihood Estimates for Fitted Proportional Hazards Models

(Stratification by substance use)

95.0% CI for
variable B | SE | Wald | df Sig. | Exp(B) ~ ExpB)
Lower Upper

Durllliness 27.549 3 .000

Durllliness(1) =777 181 18.346 1 .000 460 322 656
Durllliness(2) -1.150 JET 2.506 1 113 | 17 .076 1.315
Durllliness(3) .084 217 .149 1 699 1.088 211 1.664
Marital 13.055 4 011

Marital(1) -.526 406 1.683 1 195 591 267 1.308
Marital(2) -.529 413 1.644 1 .200 589 262 1.323
Marital(3) -.182 456 159 1 .690 834 341 2.038
Marital(4) .100 411 | 059 | 1 .808 1.105 494 | 2.472

For categorical covariates in Table 9, onc must interpret the results with respect to the reference
category. In our analysis we use the first category (married, none of the period) as the reference

category. For example, for the marital status of psychiatric patients, the estimated covariate

coefficient S = -0.526 for the risk factor NEVER MARRIED implies that the hazards ratio is

exp ( ,f?) = 0.591 on the average. This shows that the estimated odds that NEVER MARRIED
psychiatric patients with severe mental illness die is 0.591 times greater than for MARRIED.
Differently speaking the quantity exp ( ﬁ’ )= 0.591 indicates the instantaneous relative risk of an

event (death in this case), at any time, for an individual with the risk factor NEVER MARRIED
compared with an individual with risk factor MARRIED, assuming that the two individuals do

not differ from one another except in their marital status.

The estimated covariate coefficient B = -0.529 for the risk factor SEPARATED implies that the

hazards ratio is exp ( /5‘) = 0.589 on the average. This shows that the estimated odds that
SEPARATED schizophrenic patient dies is 0.589 times greater than for MARRIED. The
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estimated covariate coefficient # = -0.182 for the risk factor DIVORCED implies that the

hazards ratio exp (ﬁ) = 0.834 on the average. This shows that the estimated odds that
DIVORCED schizophrenic patient dies is 0.834 times greater than for MARRIED. Similarly, the

estimated covariate coefficient ,5’ = 0.100 for the risk factors WIDOWED implies that the

hazards ratio exp (,5’) =1.105 on the average. This shows that the estimated odds that

WIDOWED schizophrenic patient dies is 1.105 times that of MARRIED schizophrenic patients.

The sign of the estimated covariate coefficients do have an implication on the hazard rate of
schizophrenic patients, for example for the covariate MARRIED with the risk factor NEVER
MARRIED the value of the estimated coefficient B = -0.526. The negative sign implies that
being NEVER MARRIED reduces the hazard rate of a schizophrenic patients and the hazard
ratio value consequently implies that holding the other covariate constant, an additional month of
being NEVER MARRIED reduces the hazard rate of schizophrenic patients by a factor of exp
( ,5’ ) =0.591 an average as compared to the MARRIED individuals. Similarly for schizophrenic
individuals at thc same level of all other covariates, being SEPARATED and DIVORCED
reduces the hazard rate of these schizophrenic patients by 0.589 and 0.834 on average
respectively as compared to the MARRIED individuals. To the contrary of this keeping all other
covariates at the same level, an additional month of being WIDOWED increases the hazard rate
of schizophrenic patients by 1.105 on the average compared with the MARRIED schizophrenic

patients.

Another way to interpret this scaling factor is in terms of percentage difference in risk. The
general rule is the percentage difference in risk per unit difference in the predictor is given as
100(exp (,5’ )- 1), Allison (1995). Thus an estimate of exp (ﬁ) or 100(exp (ﬁ)—l) are therefore

multipliers of, or percentage of increase in the odds of an event. For example in the marital status
of schizophrenic patients with NEVER MARRIED status having the estimated parameter -0.526
and hazard ratio of 0.591, can be interpreted as being NEVER MARRIED decreases the odds of

death for schizophrenic patients by 40.9% compared to the married schizophrenic patients
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assuming that both patients are at the same level in all other factors. In a similar way we can

make interpretations for other categories of the marital status.

The durations in of months a schizophrenic patient had been in the hospital due to psychiatric
problem do have a significant impact on the hazard rate of schizophrenic patients. The result of
the analysis shows that when we compare the schizophrenic patients who had never been in a
hospital due to psychiatric problems assuming that the individuals are at the same level for all
other covariates, schizophrenic patients about 2 months and about three or more months have
respectively 0.460, and 0.317 times greater than patients who were never admitted into a hospital

due to psychiatric problems.

The sign on the estimated covariates coefficient is negative for the risk factor less than one
month and for about two months. It indicates that additional months of being in hospital due to
psychiatric problem for one month or less and for about two month, reduces the hazards of
schizophrenic patients by , 54%, and 68.3% respectively. It takes some more months until the
occurrence of an event by schizophrenic patients due to these risk factors. And the positive sign
for the covariate estimate of the risk factor three or more months indicate that an additional
month of being in hospital due to psychiatric problem for three or more months increases the
hazard rate of schizophrenic patients by 8.8%. It is again equivalent to saying that schizophrenic
patien‘ts who had been in hospital due to psychiatric problems for three or more months have
fewer months until the occurrence of an event (death) compared with the one who had not been

in hospital due to psychiatric problem.

57



Table 10: Partial Likelihood Estimates for Fitted Proportional Hazards Models
' (Stratification by marital status)
|

95.0% CI for

Variable B SE Wald | df | Sig. | Exp(B) Exp(B)

| Lower | Upper
Durllliness 30.483 3| .000 |
Durllliness(1) -.844 180 21.898 1 .000 430 302 612
Durllliness(2) -1.009 726 1.929 | 1 165 365 088 1.514
Durllliness(3) 035 219 026 | 1 871 1.036 675 1.590
Substause 28.840 2 .000
Substause(1) -1.038 .203 26.248 1 .000 354 238 527
Substause(2) -.489 248 3.880 1 .049 013 S17 | 998

In Table 10 the stratifying variable is marital status, with the reference category to be none of the
period, no substance use respectively for duration of illness and substance use. The durations in
of months a schizophrenic patient had been in the hospital due to psychiatric problem do have a
significant impact on the hazard rate of schizophrenic patients. The result of the analysis shows
that when we compare the schizophrenic patients who had never been in a hospital due to
psychiatric problems assuming that the individuals are at the same level for all other covariates,
schizophrenic patients with about one month or less, about 2 months and about three or more
months have respectively 0.430, 0.365, and 1.036 times greater than patients who were never

admitted into a hospital due to psychiatric problems.

The sign on the estimated covariates coefficient is negative for the risk factor less than one
months and 2 months. It indicates that additional months of being in hospital due to psychiatric
problem for one month or less and for about two month, reduces the hazards of schizophrenic
patients by 57% and 63.5%, respectively. It takes some more months until the occurrence of an
event by schizophrenic patients due to these risk factors. And the positive sign for the covariate
estimate of the risk factor three or more months indicate that an additional month of being in
hospital due to psychiatric problem for three or more months increases the hazard réte of
schizophrenic patients by 3.6%. It is again equivalent to saying that schizophrenic patients who
had been in hospital due to psychiatric problems for three or more months have fewer months
until the occurrence of an event (death) compared with the one who had not been in hospital due

to psychiatric problem.
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The other important covariate that had been assumed to have a significant impact on the hazards
of schizophrenic patients is SUBSTANCE ABUSE. The study shows that compared with the
schizophrenic patients with no substance abuse, the estimated hazard rate of schizophrenic
patient with a little and some substance abuse are respectively 0.354 and 0.613 times greater on
average. This is to say that keeping other covariates at the same level the risk factor due to little
substance abuse and some substance use increases the hazards of schizophrenic patients by 64.3

and 38.6 percent respectively compared with no substance abuse at all.

The odds ratio for a little and some substance use are both less than one indicating that
compared to no substance use schizophrenic patient (the reference category), taking a little and
some substance use reduces the survival longevity. Schizophrenic patients with no substance use
took more months to experience an event. Based on the 95% confidence intervals of the hazard
ratio, one can also interpret the results as using a little substance reduces the hazard rate from

76.3% to 47.3% and from 62.3% to 0.2% for users of some substance.

Table 11: Partial Likelihood Estimates for Fitted Proportional Hazards Models

(Stratification by Duration of illness)

. 95.0% CI for
B SE Wald df | Sig. Exp(B) Exp(B)
l Lower Upper

Marital 15.235 4 004

Marital(1) -.627 406 2.378 1 123 534 241 1.185
Marital(2) -.705 414 2.899 1 089 494 220 1.112
Marital(3) -, 183 458 159 1 .690 833 340 |  2.042
Marital(4) -015 413 001 1 971 985 439 2212
Substause 30.746 2 .000

Substause(1) [ -1.069 201, 28.285 1 l .000 343 232 509
Substause(2) =525 248  4.495 1 .034 592 364 961

Table 11 shows the partial likelihood estimate for the parameters of the proportional hazards
model. In Table 11 the stratification is made with respect to the time-dependent covariates
duration of illness. The interpretation for the resulting estimate can be made in similar way as we

made in Table 9 and 10.
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4.6 Test for the functional form of the model

Test for linearity in the relationship between the log of the hazards function and the covariates
are one of the most common tests in the functional form for the Cox proportional hazards model.
In most real situation an incorrectly specified functional form (non log-linearity) of the model

covariate is a potential problem in the Cox regression model, especially for continuous variables.

LeBlanc and Crowley (1999) demonstrate that the average model error for a Cox model with
incorrect covariate functional form is three times higher than a model that accounts for the non-
linearity. Normally, it is assumed that covariates enter into the Cox partial log-likelihood in a log
linear fashion, but continuous covariates can affect the hazard through more complicated
nonlinear functional forms. Thus log-linearity in the functional form of the covariate is more

likely to occur.

Failure to address the correct functional form of covariates in the model has serious
consequences. If the hypothesized functional form is not same as the functional form we are
using, the results obtained can change the interpretation of the effect and can radically alter the
conclusions made from the model estimate. In that fitting the incorrect functional form is a form
of misspecification and leads to some statistical errors: biased and decrease in the power of
statistical significance. In general, the effects of incorrect functional form are similar to that of
the failure of the proportionality of the proportional hazards model. Thus in order that the
interpretation made from the model output is valid, the fit of the data with the model functional

form has to be tested.

As it was described in Chapter Three the martingale residuals may be plotted against covariates
to detect for the correctness of the functional form. The SPSS option of Cox-regression model
allows us a model diagnostic with hazards function, partial residual and DfBeta(s). On SPSS the
martingale residuals have to be recomputed as the difference of status variable and the

cumulative hazards function. Then we plot the martingale residual against each covariates.
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Fig 4: Figures for the assessment of functional form of the covariate in the model.
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The panels of displays in Figure 4 show the plot of the martingale residual versus covariates. For
each of the covariates, that is, marital status, substance use and the duration of illness, the plots
reveal no evidence of any nonlinearity in the effect. The panels do not show a linear trend. In fact
this is just for the sake of completeness since the problem of functional form is suspected about
continuous covariates but not about categorical covariates like the ones we had considered.
Irrespective of types of covariates (categorical or continuous) the panels show that the log

linearity assumption of the covariate in the proportional hazards model is correct.

Chapter Five

Conclusions and Recommendations

5.1 Conclusions

The paper analyzes the effect of marital status, gender, substance use, duration of illness,
physical illness, Year of education, age at the onset of illness and the current age of
schizophrenic patient on their numbers of months of survival. The analysis was done based on a

proportional hazards model.

The study suggests that marital status, duration of illness and substance use have statistically
significant effects on the survival longevity of schizophrenic patients. On the other hand,
physical illnesses, gender, age-at-onset of the illness and the current age of schizophrenic patient

have no impact on the survival longevity of schizophrenic patients.

The study also assesses if the proportional hazards assumption for those statistically significant

covariates is met. The covariates show the violation of the assumption both collectively and
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individually. Thus we conclude that these covariates are time-dependent covariates whose effect

will change from time to time over the study period.

In the assessment of the proportionality of the proportional hazards model assumption, the SAS
program was used to check for the overall significance of the assumption and SPSS for
individual tests of the assumption. The graphical test supported by statistical test was applied to
check the validity of assumption. Up on rejection of the assumption an attempt was made to see
. the interaction effect between time and the time-dependent covariates. We finally use this model

in analyzing the impact of the covariates on the survival longevity of schizophrenic patients.

The other important assumption about the proportional hazards model is the log linear
assumption in the covariates. Even though this assumption is more likely to hold for continuous
covariates, an attempt was made to assess the statistical significance of covariates in the model

so as to confirm that the conclusion made is valid.

With regards to their marital status the married schizophrenic patients do have a better survival
longevity than the never-married, separated, and divorced. For duration of illness due to
psychiatric problems, schizophrenic patients who were never in a hospital due to psychiatric
problem have a better survival longevity than those who have been admitted to a hospital for a
month or less, for two months, and for three or more months. In the case of substance use, the
study points out that compared to schizophrenic patients who never used a substance the

probability of death of a schizophrenic patient with a little and some substance use is higher.

5.2 Recommendations

Based on the result of the study we forward some recommendation. The study shows that
substance use has a statistically significant impact on the survival longevity of schizophrenic
patients. We recommend that in order to reduce or stop substance use by schizophrenic patients

the intervention of clinicians, governmental and non governmental bodies is necessary.
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Alternatives to substance use for coping with stressful situations can be suggested. The reasons
for substance misuse including relationship to psychiatric symptoms, antipsychotic treatment and
feelings of social isolation must be explored, and then appropriate remedies can be given to
patients by adopting concrete problem-solving approach. It is advisable to set tasks that are
simple and readily achievable and encourage participating in activities with non-substance using
peer group. The other important survival time determining factors are marital status and duration
of illness. The study shows that being never-married reduce the hazards rates than in the case of
separated, divorced and widowed. We strongly recommend that some orientation that will
discourage separation or divorce for schizophrenic patients. As the number of months in hospital
due to psychiatric problem increases the hazards rate increases as well. The physicians can

advice the psychiatric patient to stay in the community.
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Appendix

Case Processing Summary

|

N Percent

Cases Event(a) 190 58.3%
available in Censored 133 40.8%
analysis Total 323 99.1%
Cases dropped Cases with missing 3 90

values

Cases with negative 0 0%

fime

Censored cases before

the earliest event in a 0 0%

stratum

Total 3 9%
Total 326 | 100.0%

a Dependent Variable: survival time

Categorical Variable Codings (b, c, d, e, f)

Frequency (1) 2) | 3) | @
physillnes(a)  O=not tall 296 1 0 | 0
1=a little 7 0 1) 0
2=some 19 0 0 1
3=alot 1 0 0 0
Durllliness(a) 0= ngnq of the 185 1 | 0 0
eriod
I=Imonth 5 0 1 0
2=2month 52 0 0 1
3=3month 81 0 0 0
Marital(a) 1=MARRIED 122 1 0 0 0
2=NMARRIED 80 0 1 0 0
%—SEPARATE 32 0 ‘ 0 | 0
4=DIVORCED 79 0 0 0 1
5=WIDOWED 10 0 0 0 0
Gender(a) 1=MALE 210 1
2=FEMALE 113 | 0
Substause(a)  O=not at all 221 1 0
1=a little 50 0 1
2=some 52 | 0 | 0 |
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Survival Table

Baseline At mean of covariates

cam | |1 cum
Time | Hazard | Survival SE Hazard
0 .000 977 .009 .023
1 .000 .966 .011 .034
2 .000 .953 015 .048
3 .000 | .941 017 .061
4 .000 .931 .020 071
5 .000 921 .022 | .082
6 .000 916 023 .088
7 .000 | .894 028 112
8 :000 875 .032 133
9 000  .866 034 144
10 .000 .849 037 183
11 .000 .836 .040 79
12 .000 .819 | 043 | .200
13 000 781 050 | 248
14 .000 769 .052 .263
15 .000 740 .057 301
16 .000 | 732 .058 e g 17
17 .000 710 .062 343
18 .001 701 .063 .356
19 .001 .683 .066 .382
20 .001 673 .067 396
21 .001 .664 .068‘ 410
22 .001 .639 072 448
23 .001 | 583 .078 .540
24 .001 a2 .079 558
ZD .001 552 | .081 | .595
26 .0011 .541‘ .082 | 615
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27
28
29
30
31
32
33
34
35
36
37
38
39
42
44
45
47
48
49
50
51
52
54
57
60

.001 |
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.002
.002
.002
002
002 1
.002
.002
002
.002
.002
.002
.003
.004

515 |
504
489
478
473
463
457
441 |
424

418
378
367 |
343
322
315 |
290
282
273
254
245
236
226 |
204 |
471
063 |

.084 |
.085
.086
.087
.087
.088
.088
.089 \
.089

.089 \
.090
.090
.090
.089
.089
.088
.088
.087 |
.086
.085
.084
.084
.081
077
.043

.664
.685
716
738
748
771
782
.819
.858
872
973
1.004
1.071
1.134
1.156
1.238
1.267
1.300
1.370
1.406
1.446
1.487
1.591
1.767
2.767
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Covariate Means

Variable name Mean
Level of

education 15.012
in years

age1 23.632
physillnes(1) 916
physillnes(2) .022
physillnes(3) .059
Durllliness(1) B3
Durllliness(2) .015
Durllliness(3) 161
Marital(1) 378
Marital(2) .248
Marital(3) .099
Marital(4) .245
Gender 650
age?2 30.604
Substause(1) .684
Substause(2) A55
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Survival Function at mean of covariates

0.8

0.6

0.4 —

Cum Survival

0.2

0.0

I | | I I I
0 10 20 30 40 50

survival time

SAS code for testing proportional hazards assumption

data schizo;

Set work schizo;

Proc phreg data=schizo;

model time*status (1) =dur mar subuse durt mart subuset;
durt=dur*LOG (time) ;

mart=mar*LOG (time) ;

subuset=subuse*LOG (time) ;

proportionality tet: test durt, mart, subuset;

run;

60
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Survival curve for each of the statistically significant covariate

Cum Survival

Survival Function for patterns 1 -5
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Cum Survival

Survival Function for patterns 1 - 3
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Cum Survival

Survival Function for patterns 1 - 4
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