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[ Abstract] Objective To construct a model for predicting recidivism in violence in community-based
schizophrenia spectrum disorder patients (SSDP) by adopting a joint modeling method. Methods  Based on the basic
data on severe mental illness in Southwest China between January 2017 and June 2018, 4565 community-based SSDP with
baseline violent behaviors were selected as the research subjects. We used a growth mixture model (GMM) to identify
patterns of medication adherence and social functioning. We then fitted the joint model using a zero-inflated negative
binomial regression model and compared it with traditional static models. Finally, we used a 10-fold training-test cross
validation framework to evaluate the models” fitting and predictive performance. Results A total of 157 patients
(3.44%) experienced recidivism in violence. Medication compliance and social functioning were fitted into four patterns.
In the counting model, age, marital status, educational attainment, economic status, historical types of violence, and
medication compliance patterns were predictive factors for the frequency of recidivism of violence (P<0.05). In the zero-
inflated model, age, adverse drug reactions, historical types of violence, medication compliance patterns, and social
functioning patterns were predictive factors for the recidivism in violence (P<0.05). For the joint model, the average value
of Akaike information criterion (AIC) for the train set was 776.5£9.4, the average value of root mean squared error
(RMSE) for the testing set was 0.168+0.013, and the average value of mean absolute error (MAE) for the testing set was
0.131+0.018, which were all lower than those of the traditional static models. Conclusion Joint modeling is an effective
statistical strategy for identifying and processing dynamic variables, exhibiting better predictive performance than that of
the traditional static models. It can provide new ideas for promoting the construction of comprehensive intervention
systems.
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Table1 Comparison of general data between the recidivism group and

the non-recidivism group of 4565 SSDP

Recidivism Non-recidivism 2

Variable (n=157) (n=ta08) 1" P
Agelyr., Xxs 48.92+13.67 52.51£14.09 2.645 0.008
Period/years, X+ s 17.53£11.99 18.14%11.56  0.649 0.516
Sex/case (%) 4.056 0.044
Male 85(54.14) 2027 (45.98)
Female 72 (45.86) 2381 (54.02)
Marital status/case (%) 1.976 0.577
Single 46 (29.31) 1350 (30.63)
Married 100 (63.69) 2616 (59.35)
Diverse 5(3.18) 192 (4.36)
Widowed 6 (3.82) 250 (5.67)
Education/case (%) 4.696 0.03
Uneducated 55(35.05) 1198 (27.18)
Educated 102 (64.95) 3210 (72.82)
Economy/case (%) 0.114 0.735
Poverty 43 (27.39) 1262 (28.63)
Non-poverty 114 (72.61) 3146 (71.37)
Employment/case (%) 0.732 0.392
Unemployed 17 (10.83) 390 (8.85)
Employed 140 (89.17) 4018 (91.15)
Family history/case (%) 0.602 0.438
Yes 10 (6.37) 220 (4.99)
No 147 (93.63)  4188(95.01)
Adverse drug reaction/case (%) 8.547" 0.003
Yes 7 (4.46) 58 (1.32)
No 150 (95.54) 4350 (98.68)
Crime history/case (%) 3.303" 0.192
VTO 8(5.1) 251 (5.69)
SH 0 87(1.97)
VTO+SH 149 (94.9) 4070 (92.34)
Hospital/case (%) 4.155 0.042
Yes 4(2.55) 292 (6.62)
No 153 (97.45) 4116 (93.38)
DUP/case (%) 2.231 0.135
<1 year 137 (87.26) 4002 (90.79)
=1 year 20 (12.74) 406 (9.21)
Social functioning/case (%) 2.894 0.235
Good 26 (16.56) 774 (17.56)
Medium 109 (69.43) 3199 (72.57)
Bad 22 (14.01) 435 (9.87)
Compliance/case (%) 4.968 0.174
Untreated 20 (12.74) 383 (8.69)
Compliant 86 (54.78) 2702 (61.3)
Intermittent 42 (25.75) 1022 (23.19)
Non-compliant 9 (5.73) 301 (6.82)

VTO: violence to other; SH: self harm; DUP: duration of untreated
psychosis. * Adjusted )(2 using correction for continuity.
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Table2 Parameters of GMM for medication adherence of different

categories
Class number aBIC LRT Entropy  Smallest sample size

1 -33761.6 - - -

2 -31864.2 P=0.009 0.76 1786
3 -29755.8  P=0.006 0.82 664
4 -27606.5 P=0.005 0.84 664
5 -25855.1  P=0.009 0.84 252
6 -26462.7 P=0.074 0.82 252

aBIC: adjusted Bayesian information criterion; LRT: Lo-Mendell-Rubin
adjusted likelihood ratio test.
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Fig1 Medication adherence patterns of 4162 SSDP treated with
antipsychotic drugs
PNC: persistently non-compliant; PC: persistently compliant.
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Table 3 Parameters of GMM for social functions of different categories

Class number aBIC LRT Entropy  Smallest sample size
1 -39788.8 - - -
2 -35524.2  P=0.001 0.79 1349
3 -34029.1 P=0.004 0.79 1064
4 -33002.6  P=0.004 0.81 212
5 -32496.4  P=0.052 0.80 178
6 -32302.2 P=0.107 0.81 178

aBIC: adjusted Bayesian information criterion; LRT: Lo-Mendell-Rubin
adjusted likelihood ratio test.
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Fig 2 Social functioning patterns of 4565 SSDP

CS: constantly stable; CM: constantly medium.
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Table4 IRR with 95% confidence interval in counting model and odds ratio with 95% confidence interval in zero-inflated model of 4565 community
SSDP in the baseline model and the joint model

Counting model Zero-inflated model

Variable Factor
Baseline model Joint model Baseline model Joint model

Age 0.981 (0.953-1.010)  0.964 (0.938-0.990)" 1.009 (0.989-1.029) 0.976 (0.957-0.996)"
Marital status Single Reference Reference Reference Reference

Married 0.246 (0.038-1.600) 0.375 (0.208-0.678)" 1.696 (0.445-6.467) 0.813 (0.466-1.419)

Divorce 0.687 (0.329-1.432) 3.77 (0.827-17.185) 1.108 (0.625-1.965) 2.408 (0.719-8.071)

Widowed 1.026 (0.502-2.099) 4.031 (1.084-14.987)" 1.647 (0.915-2.965) 2.492 (0.915-6.784)
Education Uneducated Reference Reference Reference Reference

Educated 0.736 (0.131-4.124) 0.486 (0.267—0.885)* 0.405 (0.102-1.609) 0.786 (0.495-1.248)
Economy Non-poverty Reference Reference Reference Reference

Poverty 1.77 (0.943-3.321) 2.547 (1.042—6.226)* 1.138 (0.669-1.935) 0.664 (0.315-1.399)
Crime history type VTO Reference Reference Reference Reference

SH NA* NA* NA* NA*

VTO+SH 0.113(0.023-0.565)  0.056 (0.013-0.235)° 0.221 (0.040-1.231) 0.163 (0.030-0.886)"
Adverse drug reaction No Reference Reference Reference Reference

Yes 1.025 (0.359-2.932) 1.891 (0.714-5.008) 8.525 (2.574—28.235)* 3.888 (1.482—10.199)*
Compliance Untreated Reference Reference

Compliant 0.563 (0.292-1.085) 2.275 (122974.21)*

Intermittent 0.312 (0.137-0.708)" 1.254 (0.664-2.366)

Non-compliant 0.61 (0.321-1.158)

Compliance pattern Untreated

PNC
Descending
PC

Ascending

Social functioning Good Reference

Medium 0.559 (0.257-1.216)

Bad 0.175 (0.030-1.032)

Social functioning pattern CS
CM
Ascending

Descending

Reference
0.466 (0.225-0.966)°
0.651 (0.174-2.433)
0.315 (0.109-0.914)

0.277 (0.124-0.618)"

Reference
0.655 (0.355-1.207)
0.744 (0.394-1.404)

2.901 (0.770-10.934)

1.218 (0.694-2.137)

Reference

0.481 (0.281-0.824)°

0.076 (0.040-0.143)"

Reference
1.855 (0.996-3.433)
3.380 (1.157-9.876)"
0.856 (0.463-1.580)

1.645 (0.881-3.075)

Reference
1.394 (0.851-2.284)
0.550 (0.173-1.753)

5.259 (2.547-10.861)"

VTO: violence to other; SH: self harm; PNC: persistently non-complia

* The count contains zero. = P<0.05.
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nt; PC: persistently compliant; CS: constantly stable; CM: constantly medium.
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® Baseline model ® Joint model

Overestimated

I Underestimated

0 1 2 3 4 5 6 7 8 >8
Counts of recidivism

Observed-predicted

3 456501t X EH BETRR N BILITHH THSHRE SR AEEIST
BR-Ful (B E
Fig 3 Observed-predicted figure of recidivism in both static model and

joint model of 4565 community SSDP
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Table5 The evaluation indicators for the fitting or prediction

performance of static model and joint model in the train and

test sets
Model Set AIC RMSE MAE
Baseline model ~ Train  963.2+32.6  0.313+0.033  0.266+0.031
Test 0.292+0.028  0.204+0.021
Joint model Train  776.5+26.4  0.171+0.014  0.131+0.018
Test 0.168+£0.013  0.131+0.018

AIC: Akaike information criterion; RMSE: root mean squared error;

MAE: mean absolute error.
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