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Abstract

necessary infrastructure for the employment of patients.

Rehospitalization, Schizophrenia

Background: Schizophrenia is a chronic, severe, and debilitating mental disorder always considered one of the recur-
rent psychiatric diseases. This study aimed to use penalized count regression models to determine factors associated
with the number of rehospitalizations of schizophrenia disorder.

Methods: This retrospective cohort study was performed on 413 schizophrenic patients who had been referred to
the Sina (Farshchian) Educational and Medical Center in Hamadan, Iran, between March 2011 and March 2019. The
penalized count regression models were fitted using R3.5.2.

Results: About 73% of the patients were male. The mean (SD) of age and the number of rehospitalizations were
36.16 (11.18) years and 1.21 (2.18), respectively. According to the results, longer duration of illness (P<0.001), having a
positive family history of psychiatric iliness (P=0.017), having at least three children (P=0.013), unemployment, dis-
ability, and retirement (P=0.025), residence in other Hamadan province townships (P=0.003) and having a history of
arrest/prison (P=0.022) were significantly associated with an increase in the number of rehospitalizations.

Conclusion: To reduce the number of rehospitalizations among schizophrenic patients, it is recommended to
provide special medical services for patients who do not have access to specialized medical centers and to create the
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Background

Schizophrenia is a kind of mental disorder characterized
by distortions in thought, speech, perception, emotion,
sense of self, and behavior. In addition, hallucinations
and delusions are the general symptoms of this disease
[1]. This illness is the 11th leading cause of disability
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worldwide [2]. This chronic and severe mental disorder
has currently affected about 20 million people worldwide
and its annual incidence has been estimated at 1 million
[3]. About 90% of all people with untreated schizophrenia
live in low and middle-income countries [1]. The preva-
lence of psychotic disorders (such as schizophrenia) has
been reported at 0.89% in Iran [4]. However, according
to the World Health report, 17% of the psychiatric hospi-
talizations in Iranian hospitals are for people with schizo-
phrenia [5]. The prevalence of schizophrenia is the same
for men and women, however, its occurrence is earlier
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for men and generally has a better outcome for females
compared to males. Schizophrenia has been reported
to be more common in people born during the winter
and early spring, which may be due to factors such as
the virus or changes in eating habits. Social pressures in
urban areas also increase the risk of suffering from schiz-
ophrenia for individuals who are prone to this disease [6].
Premature mortality in people with schizophrenia is 2 to
3 times higher than in the general population [7]. It often
occurs due to preventable physical ailments (such as car-
diovascular disease) [1]. Suicide and nicotine dependence
are other causes of death among these patients.

Schizophrenia is a type of recurrent disease, and even
if antipsychotics are prescribed, the chance of readmis-
sion is about 40 to 60 percent within two years after the
first admission. More than 50% of these patients are fre-
quently hospitalized, have worsening symptoms, experi-
ence major mood disorders, and have several attempts
for suicide [6]. Identifying the factors associated with the
number of rehospitalizations provides valuable results for
healthcare planning and rehospitalization prevention.

Statistical count regression models including Pois-
son regression (PR) and Negative Binomial (NB) as well
as zero-inflated Poisson (ZIP), Hurdle, and zero-inflated
Negative Binomial (ZINB) models in the presence of
over-dispersion or extra zeros can be used to determine
the correlates of the number of rehospitalizations. How-
ever, one main issue in statistical modeling is the variable
selection and achieving an interpretable model. There are
several methods for selecting a variable, including clas-
sical methods, such as stepwise regression and the best
subset selection. These methods generally require very
complex and time-consuming calculations, but their
most considerable drawback is instability [8]. It means
by making the slightest change in the data, the selected
model may be different, which in turn reduces the accu-
racy of the predictions. To solve these problems, a pen-
alty term can be added to the likelihood function which
performs variable selection and coefficients estima-
tion simultaneously [9]. The penalized version of count
regression models using popular penalties including
Adaptive Least Absolute Shrinkage and Selection Opera-
tor (ALASSO) penalty [10], Smoothly Clipped Absolute
Deviation (SCAD) penalty [11], and Minimum Concave
Penalty (MCP) [12] has been developed well. It has been
proved that all these penalties select true variables asso-
ciated with outcome.

This study was conducted to identify factors associated
with the number of rehospitalizations of schizophrenia
disorder using penalized count regression models with
ALASSO, SCAD, and MCP penalties. We also considered
Backward Stepwise and Random Forest (RF) methods
and compared their performances through a simulation
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study. We finally fitted a regression model on a real data-
set of schizophrenic patients with variables selected by a
more performing method found by simulation.

Methods

Data

In this retrospective cohort study (approved by “The Eth-
ical Committee of the Hamadan University of Medical
Sciences”; NO. IR UMSHA.REC.1398.075), all records of
patients with schizophrenia hospitalized at Sina Hospi-
tal (Farshchian) in Hamadan, Iran, from March 2011 to
March 2019 were reviewed, and finally, 413 patients were
selected according to inclusion criteria. All methods were
carried out by relevant guidelines and regulations. Inclu-
sion criteria were: the diagnostic criteria for schizophre-
nia in ICD-10 (International Classification of Diseases,
version 10), patients without change of disease in each
hospitalization, and patients without other psychiatric
disorders at the same time. To extract the information
from the patients’ files (without patient involvement), a
checklist made by the researchers and a clinical consult-
ant was used. In this checklist, the independent variables
were divided into two parts: demographic and clinical
characteristics, which were:

a) Demographic characteristics: age, gender, birth sea-
son, the birthplace township, education status, mari-
tal status, number of children, employment status,
residence status, the township of residence, living
status, having homogeneous siblings, number of sib-
lings, history of emotional distress, including illness
or death of a family member or loved one, parental
divorce, marriage, pregnancy, emotional breakdown,
etc., history of arrest or prison, history of substance
abuse, including opium, heroin, cannabis, metham-
phetamine, crack, and so on (based on a compilation
of interviews with patients and their companions and
laboratory results), and a history of smoking. In addi-
tion, to determine the population of the city or village
where people live, the results of the general popula-
tion and housing censuses in 2011 and 2016 were
used.

b) Clinical characteristics: age at onset of illness, dura-
tion of illness, family history of psychiatric illness,
history of medical disease, including cardiovascu-
lar, visual and auditory diseases, skin, hypertension,
hyperlipidemia, glands, gastrointestinal, neurologi-
cal, rheumatological and urological, history of non-
adherence to antipsychotic drugs (including failure to
take medication, taking lower doses than prescribed,
and premature termination of medication), and his-
tory of the suicide attempt.
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The variable of the number of psychiatric rehospitali-
zations of schizophrenic patients (from the onset of the
disease to the end of the study (March 2019)) was consid-
ered as the response variable. It is noteworthy that vari-
ables were measured at the time of the last recurrence of
the symptoms of the patients’ disease. Descriptive sta-
tistics of the response variable and characteristics of the
studied schizophrenic patients are presented in Tables 2,
3 and 4.

Statistical analysis

Variable selection methods including ALASSO, SCAD,
MCP, Backward Stepwise, and RF were used through a
simulation study by generating Negative Binomial dis-
tribution for the response variable. Methods were com-
pared and the best one was used to fit on schizophrenia
data to determine variables related to the number of psy-
chiatric rehospitalization for schizophrenia disorder. The
best model also was compared to other models such as
zero-inflated and full models using schizophrenia data.

Poisson regression (PR) model

Poisson regression is the first model used specifically for
modeling count data and also is considered as the basis
for many count models [13]. IfY; (i = 1, ..., n) is a discrete
random variable and follows the Poisson distribution
with the parameter w; and # is the sample size, then its
density function is defined as follows:

(e7Hi) (1))

yi!

S =yis i) = ;20=0,12,... (1)
With equal mean and variance: E(Y;) = V(Y)) = w;.
In the Poisson regression model, a logarithmic link
function is typically used to link u; to the linear predic-
tor X;:

log(1s) = X[ B )

where the X;= (1,Xi1,Xi2,...,Xip)T shows the
vector of predictor variables for the ith subject,
B = (Bo, B1, B2s s ,BP)T shows the vector of regression
coefficients, and p indicates the number of predictor
variables.

Negative Binomial (NB) regression model

In practice, the variability of the response variable is
often greater than the expected value (over-dispersion),
in which case the use of the Negative Binomial regres-
sion model is common [14]. If ¥; as a random variable
has the Negative Binomial distribution with the mean
parameter p; and the shape parameter k (to control over-
dispersion), its probability density function is defined as
follows:
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SO =g,k =

T(y; + k) Nk
r(k)F(yf+1><m+k> (ui+k> im0l
)
With mean E(Y;) = pu; and variance V (Y;) = u; + “71
The Negative Binomial regression model is defined as
the Poisson regression model (Eq. (2)).

Zero-inflated (ZI) regression models

Zero-inflated models for high-zero data were proposed
by Mullahy in 1986 [15]. The zero-inflated count model
is a mixed model in which one component is count and
the other is zero-degenerated. The count component is
usually modeled as the Poisson distribution or Negative
Binomial. Lambert in 1992 proposed the zero-inflated
Poisson (ZIP) model with an application to defects in
manufacturing [16]. The zero-inflated Negative Binomial
(ZINB) model was introduced as a generalization of the
Negative Binomial model to include large zeros in the
data by Mwalili et al. in 2008 [17]. The density of the ZI
model is expressed as follows (0 < ¢ < 1):

¢+ 1A —¢)Pr[Y =0] for n=0
Q1—-¢)Pr[Y =n] for n=1,2,..
(4)
where the random variable Y follows a standard distri-
bution such as Poisson or Negative Binomial and ¢ repre-
sents the uncertainty parameter (mixing proportion).

Pr[Y = n] ={

Penalized methods

Various penalty methods such as LASSO, SCAD,
ALASSO, and MCP have been proposed for variable
selection. In penalty methods, removing the predictor
variables not related to the response variable increases
the interpretability of the model and reduces the over-
fitting of the data. These methods penalize the regression
coeflicients in the likelihood function and select the vari-
ables by setting some coefficients to zero. In other words,
the estimation of regression coefficients is obtained by
minimizing the logarithm of the penalized likelihood
function. Thus, variable selection and estimation of
regression coefficients do simultaneously [18]:

k
ﬁl’enalized method — aI'8 minﬁ - l(ﬂ) + Z P(ﬂj) (5)
~— =l N
Log —likelihood Penalty Function

where /(B) is the logarithm of the likelihood function
(the function can be considered PR, NB, ZIP, and ZINB),
P(.) is the penalty function, 8 = (81, B2, .. BT is the
vector of regression coefficients, and k is the number of
explanatory variables.
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Penalty functions

k
LASSO (Tibshirani (1996)) [19]: Py() = > /B
=1

j=

’

where A > 0 is the tuning parameter.

SCAD (Fan and Li (2001))
i A’/j]i’ . 18| < 2
Bi —2al|Bj|+ .
1) p,(Bjia) = —| ~ 2(a—1]) A< |B| < an
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Where A > 0and a > 2 are tuning parameters.

ALASSO (Zou (2006)) [10]: Pl(ﬁ,)zi;bwjyﬂj
j=1

’

where A > 0 is the tuning parameter and w; = L is an
j
adaptive weight vector (y > 0; a possible value for f; is
the coefficients obtained from the ordinary least squares

estimator method).

MCP (Zhang (2010))
B2
[12]: pa(Bj; 2) = { Bl — 2 1] < a2
S Bl =z a2

Where A > 0 and a > 1 are tuning parameters.

In the present study, the tuning parameter a for SCAD
and MCP was considered equal to 3.7 [11, 20] and the
tuning parameter A was estimated by optimization.

Random Forest variable selection

Random Forest introduced by Breiman (2001) is a pop-
ular algorithm and belongs to the family of ensemble
methods used for both classification and regression prob-
lems [21]. This technique predicts an outcome by averag-
ing the output of hundreds or more decision trees [22].
RF is also used as a variable selection approach in order
to find informative variables [23]. In this paper, we used
RF variable selection using the tree minimal depth meth-
odology introduced by Ishwaran et al. (2010) [24].

Simulation study

We carried out a simulation study by setting up six differ-
ent scenarios to evaluate and compare the performance
of five different variable selection methods. In the simula-
tion study, we generated 100 data sets with sample sizes
of 500 as a training set to optimize tunning parameters of
ALASSO, SCAD, MCP, and RF. The tenfold cross-valida-
tion and out-of-bag (OOB) error were used to optimize
the tuning parameters in penalized methods and the
Random Forest, respectively. Furthermore, we generated
additional data sets with sample sizes of 1000 in order
to calculate evaluation criteria including the number of
false-negative cases (NO. FN), number of true-positive
cases (NO. TP), number of false-positive cases (NO. FP),
number of true-negative cases (NO. TN), total accuracy
(TA), sensitivity, and specificity. The number of covari-
ates was set to 20, and 40, and they were generated from

Page 4 of 13

Multivariate Normal distribution with different values
of correlations (p = 0.2, 0.5,0.7). Five covariates were
considered effective (informative covariates). For non-
informative covariates, the regression coefficients were
considered zero. The response variable was generated
from the Negative Binomial distribution.

Software

After entering the information recorded in the patients’
files into SPSS software (version 24) and grouping the
variables, regression models were fitted using R software
(version 4.1.1) by mpath, randomForestSRC, and MASS
packages. Also, the pscl package was used to run the
Vuong test. We used a significance level of 0.05 for all sta-
tistical analyzes.

Results

Simulation study

In this study, the evaluation criteria of five different vari-
able selection methods were compared through a simula-
tion study. The results of the simulation study (evaluation
criteria) were provided in Table 1. According to the
results, the sensitivity of all methods was similar and all
five informative variables were selected by all methods
in all scenarios. Also, the MCP tended to select a lower
number of variables due to its concave penalty form, so
its specificity was higher compared to the other methods.
This was also the case for SCAD. Backward Stepwise and
Random Forest methods tended to select more variables
which resulted in a larger number of false positives and
lower specificity. In general, among others, the NB-MCP
had the best performance in terms of all criteria in differ-
ent scenarios.

Schizophrenia data

This study included 413 patients with schizophrenia.
Table 2 shows the frequency distribution of the num-
ber of rehospitalizations. According to the results of
Table 2, the number of rehospitalizations was between
0 and 21. 219 patients (53.03%) had no rehospitaliza-
tion, 79 patients (19.13%) once, 44 patients (10.65%)
twice, and 71 patients (17.17%) had three rehospitaliza-
tions and more. The mean (standard deviation) of the
number of rehospitalizations was equal to 1.21 (2.18).
The skewness coeflicient of this variable was equal to
4.49 which indicates the positive skewness of its dis-
tribution. The frequency distribution of the number of
rehospitalizations has appeared in Fig. 1. Table 3 shows
the demographic characteristics of patients. Accord-
ing to Table 3, 72.60% of patients were male. The age of
the patients was between 17 and 77 years with a mean
(standard deviation) of 36.16 (11.18) years. Table 4
shows the clinical characteristics of the patients.
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Table 1 Evaluation criteria for five variable selection methods over 100 repetitions by assuming Negative Binomial distribution for the

response variable

Method P o P No. FN No.TP No. FP No.TN TA Sensitivity  Specificity
ALASSO 20 02 1070£1.10 000+£000 500+£000 510+£1.10 990+1.10 0744005 1.00£000 0.66=40.07
05 8204£198 000+£000 500£000 3204198 11.804+£198  0.84+0.09 1.00+£0.00 0.78+0.13
07 733+180 000£000 5004+000 233+£180 1266+£1.80 088+009 1.00+000 0.84+0.12
MCP 20 02 570£221 000£000 500+£000 070+221 1430+£221 096£011 1.00£000 095+0.14
0.5 5104031 0.00£0.00 5.004+0.00 0.10+£0.31 14.90£0.31 0.99+0.01 1.00£000 0.99+£0.02
07 5224044 000£000 5004£000 0224044 1477+£044 098+002 1.00+£000 0.98+0.03
SCAD 20 0.2 500£000 0004000 500+000  0.00=£0.00 15.00£0.00 1.00£0.00 1.004+£0.00 1.00+0.00
05 6704343 000£000 5004+000 170£343 1330£343 091+0.17 1.00+£000 0.88+0.22
07 677164 000£000 5004+£000 177+164 1322+164 091+£008 1.00+£000 0.88+0.10
Backward Stepwise 20 0.2 740107 000+£0.00 5004000 24041.07 1260£1.07  0.88=£0.05 1.00£000 0.84£007
05 780+147 000£000 5004£000 280+147 1220+£147 086+£007 1.00+£000 0.81+0.09
0.7 844%1381 0.00£0.00 5004000 344+181 11.554+1.81 0.82£0.09 1.00+£0.00 0.77+0.12
Random Forest 20 02 2000£000 000£000 5.00+£000 1500+£0.00 0.004+£000 0254000 1004000 0.0040.00
0.5 19904031 0.00£0.00 5004000 1490+£0.31 0.10£0.31 0.25£0.01 1.00+£0.00 0.006=£0.02
0.7 1933£1.00 000+£000 500+0.00 1433+£1.00 066+£1.00 0.28+£0.05 1.00£000 0.04=£0.06
ALASSO 50 02 1000£521 000£000 500+£000 500+£521 4000+521 090£0.10 1.00£000 088£0.11
0.5 940+£6.09 000+£000 5004+£000 440+£6.09 4060£6.09 091£012 1.00£000 090+£0.13
07 1033%+416 000£000 5004£000 533+4.16 3966+£416 089+£008 1.00+£000 0.88+0.09
MCP 50 0.2 510+£031 0.00£0.00 5004000 0.10£031 4490+0.31 0.99+£0.006 1.00+000 0.99+£0.01
05 5204+042 000+£000 5004+000 0204042 4480+£042 099+£0008 1.00+£000 0.99+0.01
07 516+057 000+£000 500+000 0.16+057 4483+£057 099+£001 1.00+£000 099+001
SCAD 50 0.2 518+040 0.00+£0.00 5004000 1800+£040 4481£040 099£0.008 1004000 0.9940.01
05 5904223 000£000 5004£000 090£223 4410+£223 098+005 1.00+£000 0.98+0.04
0.7 7914£337 000£000 500£000 2914337 4208£337 0944006 1.00+£0.00 093+0.07
Backward Stepwise 50 02 14724293  000£000 5004+000 9724293  3527+£293 0.80+005 1.00+000 0.78+0.06
05 1850+435 000£000 5004+000 13504435 31.50+£435 073£008 1.00+£000 0.70+£0.09
0.7 1633+£3.14 000+£000 500+£000 1133+£3.14 3366+3.14 0.77+0.06 1.00£000 0.74£0.07
Random Forest 50 02 2190£1008 000+£000 500+£000 1690+£1008 280941008 066+020 1.00+000 0624022
05 1750+£6.11 0.00£0.00 5004000 1250+6.11 3250+6.11 0.75£0.12 1.00+£0.00 0.72+0.13
07 1366+155 000£000 500£000 866+155 3633+£155 0.82+003 1.00+£000 0.80+0.03

P =number of total variables, p = correlation between variables, P’=number of selected variables, No. FN Number of False-negative cases, No. TP Number of True-
positive cases, No. FP Number of False-positive cases, No. TN Number of True-negative cases, TA Total Accuracy

According to this table, the age at onset of illness was
between 5.5 and 69.5 years with a mean (standard devi-
ation) of 26.44 (10.48) years. The duration of illness was
between 0.5 and 36.5 years with a mean (standard devi-
ation) of 9.72 (8.32) years.

The lowest and the highest rate of missing values
with 0.72% and 6.77% belonged to the variables of his-
tory of medical disease and family history of psychiat-
ric illness, respectively. To estimate the missing data
of the variables, we used a simple imputation method
(mean for imputing quantitative variables and median
for imputing qualitative variables). Imputation of these
missing values with a simple method is expected not to
be problematic [25].

Table 5 shows the results of the comparisons of the
NB-MCP model and other models according to the
Vuong test which is a kind of likelihood ratio test [26].
It is worth noting that the fitting of the ZINB-Full, ZIP-
Full, and the ZINB-MCP models did not lead to con-
vergence. It, therefore, was not possible to compare
these models with NB-MCP. According to the results of
Table 5, the NB-MCP had a significantly better fit than
P-MCP, P-Full, and NB-Full, however, it had a slightly
better fit than ZIP-MCP. The NB-MCP model, therefore,
was considered the final model. Figure 2 has summarized
the fitted models through a simulation study and schizo-
phrenia data. We also compared the performance of NB-
MCP and RF based on the mean of RMSE (Root mean
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Table 2 Frequency distribution of the number of rehospitalizations
for schizophrenic patients

Number of Frequency (%)
rehospitalizations

Female Male Sum
0 66 (5841) 153 (51.00) 219(53.03)
1 28 (24.78) 51(17.00) 79 (19.13)
2 7(6.19) 37(12.33) 44 (10.65)
3 5(4.42) 25(8.33) 30 (7.26)
4 3(2.65) 17 (5.67) 20 (4.84)
5 2(1.77) 7(2.33) 9(2.18)
6 0(0.00) 5(1.67) 5(1.21)
7 1(0.88) 1(0.33) 2(048)
10 0(0.00) 1(0.33) 1(0.24)
11 0(0.00) 1(0.33) 1(0.24)
13 1(0.88) 0(0.00) 1(0.24)
20 0(0.00) 1(0.33) 1(0.24)
21 0 (0.00) 1(0.33) 1(0.24)
Sum 113 (100) 300 (100) 413 (100)

square error) through nested cross-validation for schizo-
phrenia data (the Vuong test could not be applied for the
RF). The Mean = SD of RMSE for NB-MCP and RF were
equal to 2.04£0.41 and 1.68£0.34 (P=0.053), respec-
tively. The figure of variable importance of selected
variables by the Random Forest method is provided in
Additional file 1 (Figure Al). Apart from that, we fitted
logistic regressions with ALASSO, SCAD, MCP, Back-
ward Stepwise, and RF with a binary response (having/
not having rehospitalization). The final logistic regres-
sion model is available in Additional file 2.

It should be noted that due to the strong correlation
between the variables of age and age at onset of illness
(r=0.70), the age variable was not used in modeling the
response variable. As mentioned before, the penalized
variable selection methods can be used in the presence
of a large number of predictor variables. Therefore, in
addition to the main effects, several interactions exam-
ined in other studies were used to model the response
variable. These effects were: interactions between gen-
der and education status, gender and history of the sui-
cide attempt, and gender and history of antipsychotic
drug use. Additionally, some variables due to their clin-
ical importance entered into the final model including
the history of non-adherence to antipsychotic drugs,
substance abuse, and smoking.

Fitting the final model
We fitted a Negative Binomial regression model (with-
out penalty) with variables selected by NB-MCP. Table 6
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Fig. 1 Bar plot of the number of rehospitalizations of schizophrenic
patients

shows the regression coefficients of this model. Accord-
ing to the results of the table, duration of illness, fam-
ily history of psychiatric illness, number of children,
employment status, the township of residence, and his-
tory of arrest or prison were significantly related to the
number of rehospitalizations. So that longer duration of
illness increased the average number of rehospitaliza-
tions %% = 1.08 times. Having a positive family history
of psychiatric illness increased the average number of
rehospitalizations e%3> = 1.41 times. Having at least three
children compared to one or two children increased the
average number of rehospitalizations ¥ = 1.91 times.
Unemployment, disability, and retirement compared to
having a job increased the average number of rehospitali-
zations €%*7 = 1.59 times. Residence in other Hamadan
province townships compared to the residence in Hama-
dan township increased the average number of rehos-
pitalizations €% = 1.56 times and having a positive
history of arrest or prison increased the average number
of rehospitalizations %> = 1.71 times.

Discussion

Identifying factors associated with the number of rehos-
pitalizations of schizophrenia and the frequency of rehos-
pitalizations are vitally important. In this study, several
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Table 3 Description of demographic characteristics of patients with schizophrenia (n=413)

Variable Variable levels Frequency (%) Mean +SD? P-value®

Gender Male 300 (72.60) 0.88+1.71 0.028
Female 113 (27.40) 1344233

Age (year) <25 55(13.32) 045+0.95 <0.001

36.16+£11.18 25-34 154 (37.29) 0904137
35-44 111 (26.87) 1684331
>45 93(2252) 1.62+1.89

Birth season Spring 130 (31.47) 11+£1.68 0438
Summer 145 (35.11) 1434238
Autumn 67 (16.22) 0.96+2.80
Winter 71(17.20) 1.20+1.89

Birthplace township Hamadan 119 (28.81) 1.02+£1.66 0.178
Other Hamadan province townships 210 (50.85) 414266
Out of Hamadan province 84 (20.34) 1.004+1.30

Education status llliterate 36 (8.72) 142+£1.74 0.184
Under diploma 237 (57.38) 1.38+£253
Diploma 102 (24.70) 0.85+1.35
Academic 38(9.20) 0.97+193

Marital status Married 130(31.48) 1.15+159 0.924
Separated/Divorced/Widow 50(12.11) 128+194
Single 233 (5641) 1234250

Number of children 0 282 (68.28) 1214239 0.023
1-2 74(17.92) 0.77+£1.24
>3 57 (13.80) 1.82+£193

Employment status Employed 74(17.92) 1.00+£1.92 0.165
Housewife 45 (10.89) 0.76+£1.30
Unemployed/Disabled/Retired 294 (71.19) 134+£233

Residence status Urban 279 (67.55) 1124205 0.204
Rural 134 (32.45) 1411244

The township of residence Hamadan 163 (39.47) 100161 0.077
Other Hamadan province townships 197 (47.70) 147 +267
Out of Hamadan province 53(12.83) 0924149

The population of residence (person) < 10,000 150 (36.32) 1424253 0495
10,000-99,000 75(18.16) 107147
100,000-499,000 42(10.17) 126+323
> 500,000 146 (35.35) 1.06+1.69

Living status With parents 229 (5545) 1.14+£220 0.598
With spouse 115 (27.84) 121+£161
With siblings/children/other people or alone 69 (16.71) 145+2.86

Having homogeneous sibling Yes 369 (89.35) 1.25+227 0.368
No 44 (10.65) 0.93+1.28

Number of siblings 0-1 43(1041) 126154 0.197
2-3 98 (23.73) 0.87+144
>4 272 (65.86) 133+246

Having a history of emotional distress Yes 286 (69.25) 1314233 0.187
No 127 (30.75) 1.00£1.79

Having a history of arrest or prison Yes 43(1041) 1374167 0.615
No 370(89.59) 1194224

Having a history of substance abuse Yes 145 (35.11) 1.17+£174 0.746
No 268 (64.89) 1.244239

Having a history of smoking Yes 211 (51.09) 1374229 0.125
No 202 (48.91) 1.04+£2.06

2 For the number of rehospitalizations

§ Independent two-sample t-test or analysis of variance test
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Table 4 Description of clinical characteristics of patients with schizophrenia (n=413)
Variable Variable levels Frequency (%) Mean £ SD? P-value
Age at onset of illness (year) <20 129 (31.24) 155+264 0.134
26.44+£1048 20-29 166 (40.19) 117227
30-39 74 (17.92) 088+1.33
>40 44 (10.65) 0.93£1.30
Duration of illness (year) <1 42 (10.17) 0.0240.15 <0.001
9724832 1-9 213 (51.57) 0794123
10-19 92 (22.28) 1.68+2.53
>20 66 (15.98) 267+£351
Having a family history of psychiatric illness Yes 181 (43.83) 1541276 0.011
No 232 (56.17) 096+£155
Having a history of medical disease Yes 177 (42. 90) 1364211 0.233
No 236 (57.10) 1.10+£2.24
Having a history of non-adherence to antipsychotic Yes 303 (73. 37) 1.21+£233 0.982
drugs No 0(26:63) 12141
Having a history of the suicide attempt Yes 81 (1 9.61) 147£257 0.240
No 332(80.39) 1.154£2.08

@ For the number of rehospitalizations
§ Independent two-sample t-test or analysis of variance test

Table 5 Results of comparisons of NB-MCP model with other
models using the Vuong test on schizophrenia data

BIC orrected Vuong z-statistic P-value
P-MCP 2.85 0.002°
ZIP-MCP 1.54 006
ZINB- MCP - _

NB-full 143 <0.001¢
P-full 6.14 <0.001¢
ZINB-full - -

ZIP-full - -

€ NB-MCP model has a significantly better fit

variable selection methods were used. Negative Binomial
regression with MCP penalty showed a better fit.

The findings of this study showed that gender was not sig-
nificantly associated with the number of rehospitalizations.
However, in the study by Avci, the male gender was signifi-
cantly associated with a greater number of hospitalization
[27]. Apart from that, in the studies of Kal et al. [28] and Hui
et al. [29], the female gender was considered as a risk fac-
tor for relapse. This is because men and women with schizo-
phrenia may be different in terms of age at onset, premorbid
functioning, symptoms level, and outcomes [30].

In our study, a longer duration of illness was sig-
nificantly associated with an increase in the number of
rehospitalizations. This finding was also seen in the study
of San et al. [31]. However, the study conducted by Kal
et al. was inconsistent with our study [28]. Studies have

Simulation study
|

NB-ALASSO

NB-SCAD

NB-MCP

NB-Backward Stepwise
\\ Random Forest

‘L best model

{ NB;MCP

’ Comparison with other models
by schizophrenia data

‘ P- MCP
ZIP-MCP

L P-Full
NB-Full

L Final model |

| NBMCP

Fig. 2 Hierarchy chart of fitted models

shown that prolonged duration of untreated illness is sig-
nificantly associated with more severe positive and nega-
tive symptoms and poorer social functioning in patients
[32, 33]. The prolonged duration of untreated illness
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Table 6 Associated factors with the number of rehospitalizations among schizophrenic patients based on an NB model using

selected variables by NB-MCP

Variable Multivariate Univariate

Estimate SE Z statistic P-value Estimate SE Z statistic P-value
Intercept -1.34 0.36 -3.66 <0.001
Gender

Female (Reference category)

Male 043 0.23 1.81 0.07 042 0.18 227 0.022
Duration of illness (year) 0.08 0.008 9.66 <0.001 0.08 0.008 9.76 <0.001
Having a family history of psychiatric illness

No (Reference category)

Yes 035 0.15 238 0.017 047 0.16 297 0.002
Having a history of non-adherence to antipsychotic drugs

No (Reference category)

Yes -0.08 0.16 -0.53 0.592 0.004 0.18 0.02 0.98
Number of children

3 < =(Reference category)

0 -0.17 0.21 -0.8 042 -041 0.22 -1.85 0.064

1-2 -0.65 0.26 -247 0013 -0.86 0.28 -3 0.002
Employment status

Unemployed/Disabled/Retired (Refer-

ence category)

Employed -047 0.21 -2.23 0.025 -0.29 0.21 -1.34 018

Housewife -0.07 033 -0.23 0813 -0.57 0.28 -2.03 0.041
The township of residence

Hamadan (Reference category)

Other Hamadan province townships 045 0.15 2.88 0.003 0.38 0.17 2.21 0.026

Out of Hamadan province -0.05 0.25 -0.21 0.83 -0.07 0.26 -0.29 0.769
Having a history of arrest or prison

No (Reference category)

Yes 0.54 0.24 2.28 0.022 013 0.26 0.53 0.594
Having a history of substance abuse

No (Reference category)

Yes -0.12 0.21 -0.58 0.562 -0.06 0.16 -0.35 0.719
Having a history of smoking

No (Reference category)

Yes 0.25 0.21 1.19 0.232 0.27 0.16 1.7 0.089
0 0.99 0.15

AIC 1151
BIC 1211.33
Log-likelihood -560.49

SE Standard Error, 8 Dispersion parameter

is one of the main reasons for the increase in the dura-
tion of illness. Evidence has shown that long duration of
untreated illness and duration of illness are associated
with poor response to therapy, especially in schizophre-
nia [34]. Therefore, due to this issue, it is expected that
timely diagnosis and treatment of schizophrenic patients
will play a crucial role in responding to their treatment
and recovery.

In this study, a significant relationship was found
between a positive family history of psychiatric illness
and an increase in the risk of rehospitalization. Accord-
ing to previous studies, schizophrenic patients with
this history had more severe symptoms and a higher
risk of relapse and readmission [35, 36]. Esterberg et al.
conducted a systematic review study and found that
schizophrenic patients with a positive family history of
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psychosis had a significantly lower age at onset. However,
in some studies, family history did not have a significant
effect on the age at onset of illness, and even an inverse
relationship was observed between these two variables.
Having this history can also act as an environmental
stressor through a conflict between the affected fam-
ily member and the patient [37]. The study by Goldberg
et al. was another study that found a direct link between a
positive family history of psychiatric illness and the early
onset of schizophrenia [38]. In the present study, the
mean age of onset was significantly lower in patients with
a positive family history of psychiatric illness.

Non-adherence to treatment is also one of the most
important issues related to the number of rehospitaliza-
tions of schizophrenia disorder. The results of the study
of Wu et al. [39] and several other studies including
studies of Kal et al. [28] and Hui et al. [29] showed that
drug non-compliance is significantly associated with an
increased risk of relapse of this disease. Having said that
in the studies of San et al. and Suzuki et al., there was
no significant relationship between drug adherence and
disease recurrence [31, 40] similar to our study. This can
be attributed to the low percentage of drug adherence
among patients (27%). On the other hand, despite the
long-term use of antipsychotic drugs, there is still a pos-
sibility of recurrence of the disease [41].

Having more children was significantly associated with
an increase in the number of rehospitalizations in our
study. Typically, older patients also have more children.
This significance therefore may be due to the relationship
between the number of children and the age of patients.
In this study, age groups under 25, 25 to 34, 35 to 44, and
45 years and older have an average (standard deviation)
of the number of children equal to 0.05 (0.29), 0.24 (0.65),
0.81 (1.14) and 2.46 (2.21) respectively. On the other
hand, having more children imposes more economic
and psychological burdens on patients and their families.
Supplying economic security for the family is generally
the responsibility of men. In the present study, the major-
ity of patients were male, and because patients with this
disorder often face occupational and housing problems
[41], they often fail to play their social roles, which can
lead to feelings of shame and conflict between patients
and their families [42]. Studies have shown that criticism
and emotional conflicts in the family environment lead to
a poor prognosis in these patients [43].

Another result of this study was that employed people
had significantly fewer rehospitalizations than unem-
ployed, disabled, and retired patients. Several studies are
showing that unemployment and poor job performance
are associated with an increase in the risk of disease
relapse of schizophrenia disorder [39, 44, 45]. Scientific
evidence shows that almost all people with schizophrenia
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have significant disabilities in various dimensions of
function [41, 46]. Lack of attention to improving patients’
performance results in problems related to work, hous-
ing, etc. [41]. Because the early onset of this disease dis-
rupts a person’s social and cognitive development and
leads to poor social and occupational performance [47],
necessary measures ought to be taken in the early years
of the disease to rehabilitate patients.

According to the results of this study, the number of
rehospitalizations of the disease in patients living in other
Hamadan province townships was significantly higher
than in Hamadan township. Lack of access to specialized
medical services and long distance from the center of the
province to get these services results in patients referring
to the center of the province after the aggravation of the
disease symptoms when there is no possibility of recov-
ery on an outpatient basis and as a result, it increases
the number of psychiatric hospitalizations. Studies have
shown that timely follow-up after the discharge of schiz-
ophrenic patients can reduce the risk of readmission
[48, 49]. Environmental factors such as the existence of
a supportive environment and access to mental health
services are considered as facilitators in the recovery of
the patient, while the stigma of mental illness and inter-
rupted health services are considered as obstacles to
the patient’s recovery [50]. It thus is necessary to make
appropriate plans for the evaluation and outpatient
examination of patients after discharge from the hospital.

The other result of the present study was that patients
who had a positive history of arrest or prison experienced
a significantly higher rehospitalization rate than those
who had not. In general, substance abuse is considered
one of the causes of violent behavior among individuals
with mental illness, and this increases the probability of
being arrested and imprisoned [51]. These patients do not
receive adequate medical care during their incarceration,
and when they release from prison, face problems such as
unemployment, homelessness, and limited access to med-
ical care, and ultimately suffer from adverse clinical out-
comes [52]. Apart from that, substance abuse exacerbates
patients’ problems and leads to the relapse of disease
and recurrence of the crime [53]. In our study, 81.40%
of patients with a positive history of arrest or prison also
had a positive history of substance abuse, however, there
was no significant association between the history of sub-
stance abuse and the number of rehospitalizations.

The last result of the current study was that there was
no significant association between the history of smok-
ing and an increase in the number of rehospitalizations.
However, in the study conducted by Tang et al. smok-
ers with schizophrenia compared to patients who were
non-smokers had more probability to have an episodic
and more severe course and also had a significantly
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higher number of psychotic relapses [54]. In addition,
Apud et al. found that treatment-resistant schizophrenic
patients who were smokers were more apparently func-
tionally impaired and had more positive symptoms in
comparison to non-smokers [55].

The performance of statistical methods used in this
study has been investigated by several studies in terms
of selecting important variables. Xie and Xiao (2020),
by simulating on german health care demand data, con-
firmed the superiority of the penalized Negative Bino-
mial regression model compared to the full model in
terms of stability in selecting predictor variables and
providing a sparse model [56]. Malick and Tiwari (2016)
utilized six methods including PR, NB, ZIP, and ZINB
models, the LASSO method of Wang et al. [57], and the
ALASSO method with a new approach on genetic data.
According to their results, the ZINB model with the new
approach of the ALASSO method provided the best fit
for identifying SNPs related to the number of phenotypes
[58]. Wang et al. (2015) used the ZINB model with three
penalties including LASSO, SCAD, and MCP to model
the number of doctor office visits. The ZINB-MCP model
was selected as the best-penalized model and had a bet-
ter prediction compared to the NB-MCP, ZINB-Full, and
ZINB-Backward Stepwise models [57]. Wang et al. (2014)
used the ZIP regression and three penalties including
LASSO, SCAD, and MCP to identify the factors affect-
ing the number of postoperative morbidity after cardiac
surgery and the ICU length of stay. They found that the
ZIP-MCP model fit was better than the ZIP-Backward
Stepwise model in analyzing the length of stay of patients
in the ICU. In addition, ZIP-MCP and ZIP-SCAD mod-
els did not show a significant difference from the ZIP-Full
model. Analysis of the number of postoperative morbid-
ity after cardiac surgery also led to similar results, with
the difference that the software failed to fit the ZIP-Full
model and could not fit the model with all predictor vari-
ables in the two components of zero and Poisson [59]. In
the present study, the fit of the ZINB-Full and ZIP-Full
models did not lead to convergence. It thus was not pos-
sible to fit ZINB-Backward Stepwise and ZIP-Backward
Stepwise models. Consequently, when the zero-inflated
full regression model faces the problem of non-conver-
gence [57, 60] and we are trying to find a sparse model,
it is necessary to use penalized variable selection meth-
ods or other variable selection methods such as Random
Forest instead of classical methods such as the stepwise.
Zeng et al. (2014) utilized the ZIP & ZINB regression
models and ALASSO method to identify the factors
affecting the number of doctor visits. The simulation
results showed the identification of important variables
by applying this penalty method [61]. Buu et al. (2011)
compared the PR-LASSO, PR-SCAD, ZIP-LASSO, and
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ZIP-SCAD models in terms of the identification of risk
factors for substance abuse and alcoholism. Finally, the
ZIP-SCAD model showed the best fit based on criteria
such as sensitivity and specificity [62].

There were some limitations to the present study. For
instance, the high percentage of male participants, no
electronic patient records, not recorded some important
variables including the father’s age at birth, the quality
of family relationships, socio-economic status, etc. (that
may in addition to the effect on the incidence of schizo-
phrenia play a role in rehospitalizations of schizophrenic
patients), the existence of missing values for some vari-
ables, underestimating the response variable due to the
fact that some patients had not been referred to Farsh-
chian Hospital during the study period (March 2011-
March 2019) for reasons such as change of residence and
not being convinced for psychiatric hospitalization, the
existence of Berkson’s bias (people who have been hos-
pitalized more are often more likely to be readmitted),
the lack of resources that are similar and comparable
to our study in terms of the nature of response variable
and disease, non-convergence of ZIP-Full and ZINB-Full
models as well as the impossibility of fitting these models
with the Backward Stepwise method, non-convergence
of the ZINB-MCP model, and as a result, the impossibil-
ity of comparing these non-convergent models with the
best model found by simulation study (i.e., NB-MCP).
Despite these limitations, given that so far almost all
studies on schizophrenia have examined the occurrence
or non-occurrence of the rehospitalization of this disease
through logistic regression, the use of count models to
identify the decreasing and increasing factors of rehospi-
talization can be one of the strengths of this study. Mod-
eling the number of rehospitalizations of schizophrenia
disorder through penalty methods and Random Forest
was used for the first time in the present study. Models
used in this research can be useful in modeling many
count outcomes especially when zero-inflated full mod-
els face the problem of non-convergence and as a result,
in practice, we cannot fit the classical variable selection
methods. When we have a large number of predictor var-
iables and a small sample size, the use of penalty methods
provides remarkably more stable results than classical
methods for variable selection. A wide range of predic-
tor variables therefore can be examined through penalty
methods. For example, in future studies, in addition to
demographic and clinical factors, genetic variables can
be used to model the number of rehospitalization for
schizophrenia disorder. In this study, we compared the
performance of penalized methods to Random Forest in
terms of selecting important covariates assuming Nega-
tive Binomial distribution for the response variable. It
is suggested to compare the methods used in this study
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with other machine learning methods such as the Sup-
port Vector Machine (SVM) and also to consider zero-
inflated distribution for the response variable.

Conclusions

The results obtained from the use of variable selection
methods in this study showed that the NB-MCP model is
the best model for explaining the number of rehospitali-
zations of schizophrenia disorder. To reduce the number
of rehospitalizations in patients with schizophrenia dis-
order, it is recommended to provide special medical ser-
vices for patients who do not have access to specialized
medical centers and to create the necessary infrastruc-
ture for the employment of patients.

Abbreviations

PR: Poisson Regression; NB: Negative Binomial; ZI: Zero-inflated; ZIP: Zero-
inflated Poisson; ZINB: Zero-inflated Negative Binomial; LASSO: Least Absolute
Shrinkage and Selection Operator; ALASSO: Adaptive Least Absolute Shrinkage
and Selection Operator; SCAD: Smoothly Clipped Absolute Deviation; MCP:
Minimum Concave Penalty; RF: Random Forest; AIC: Akaike Information Crite-
rion; BIC: Bayesian Information Criterion.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512874-022-01648-z.

Additional file 1:Figure A1. Variable importance of selected variables by
Random Forest method.

Additional file 2:Table A1.Associated factors with rehospitalization
among schizophrenic patients based on a Logistic model using selected
variables by MCP.

Acknowledgements

This work was part of an MSc thesis in Biostatistics. We would like to appreci-
ate the Vice-chancellor of Education of the Hamadan University of Medical
Sciences for technical support. We also express our gratitude to the staff of
Sina (Farshchian) Educational and Medical Center in Hamadan for providing
appropriate facilities for collecting patients’information.

Authors’ contributions

LT and MA conceived the research topic, explored that idea, performed the
statistical analysis, and drafted the manuscript. GR, AG, and JP participated
in the interpretations and drafting of the manuscript. All authors read and
approved the final manuscript.

Funding
This study was a part of the MSc thesis of the first author and it was supported
by the Hamadan University of Medical Sciences (Grant No. 9802241464).

Availability of data and materials
The data are available upon reasonable requests from the corresponding
author.

Declarations

Ethics approval and consent to participate

The data were collected from the patients' medical recodes that have already
been discharged and were not accessible for giving informed consent. A
waiver of informed consent was awarded for the analysis conducted in this

Page 12 of 13

study by the Ethical Committee of the Hamadan University of Medical Sci-
ences. All methods were carried out in accordance with relevant guidelines
and regulations, and the study was approved by the Ethical Committee of the
Hamadan University of Medical Sciences (IR.UMSHA.REC.1398.075).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Biostatistics, School of Public Health, Hamadan University

of Medical Sciences, Hamadan, Iran. 2Modeling of Noncommunicable Dis-
eases Research Center, Hamadan University of Medical Sciences, Hamadan,
Iran. >Department of Psychiatry, School of Medicine, Hamadan University

of Medical Sciences, Hamadan, Iran. “Research Center for Behavioral Disorders
and Substance Abuse, Hamadan University of Medical Sciences, Hamadan,
Iran. *Department of Epidemiology, School of Public Health, Hamadan Univer-
sity of Medical Sciences, Hamadan, Iran.

Received: 4 November 2021 Accepted: 1 June 2022
Published online: 15 June 2022

References

1. World Health Organization. Schizophrenia 2019. Available from: https://
www.who.int/news-room/fact-sheets/detail/schizophrenia.

2. Vigo D, Thornicroft G, Atun R. Estimating the true global burden of men-
tal illness. Lancet Psychiatry. 2016;3(2):171-8.

3. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al.
Global, regional, and national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study
2017.The Lancet. 2018;392(10159):1789-858.

4. Mohammadi MR, Davidian H, Nourbala AA, Malek Afzali H, Naghavi HR,
Pouretemad HR, et al. An epidemiological study of psychiatric disorders
iniran, 2001. Hakim Res J. 2003;6(1):55-67.

5. WHO & Ministry of Health and Medical education. WHO-AIMS report on
mental health system in the Islamic Republic of Iran. Tehran, the Islamic
Republic of Iran; 2006.

6. Sadock BJ, Sadock VA, Ruiz P. Kaplan and Sadock’s synopsis of psychiatry:
behavioral sciences/clinical psychiatry. 11th ed. Philadelphia: Lippincott
Williams & Wilkins; 2015.

7. Laursen TM, Nordentoft M, Mortensen PB. Excess early mortality in
schizophrenia. Annu Rev Clin Psychol. 2014;10:425-48.

8. Breiman L. Heuristics of instability and stabilization in model selection.
Ann Stat. 1996;24(6):2350-83.

9. Ahmed SE. Penalty, Shrinkage and Pretest Strategies: Variable Selection
and Estimation, Springer Briefs in Statistics. New York: Springer; 2014.

10. Zou H.The adaptive lasso and its oracle properties. J Am Stat Assoc.
2006;101(476):1418-29.

11. FanJ, Li R. Variable selection via nonconcave penalized likelihood and its
oracle properties. J Am Stat Assoc. 2001,96(456):1348-60.

12. Zhang C-H. Nearly unbiased variable selection under minimax concave
penalty. Ann Stat. 2010;38(2):894-942.

13. Hilbe JM. Modeling count data. New York: Cambridge University Press;
2014.

14. Tang W, He H, Tu XM. Applied categorical and count data analysis. FL:
Chapman & Hall/CRC; 2012.

15. Mullahy J. Specification and testing of some modified count data models.
J Econom. 1986;33(3):341-65.

16. Lambert D. Zero-inflated Poisson regression, with an application to
defects in manufacturing. Technometrics. 1992,34(1):1-14.

17. Mwalili SM, Lesaffre E, Declerck D. The zero-inflated negative binomial
regression model with correction for misclassification: an example in
caries research. Stat Methods Med Res. 2008;17(2):123-39.

18. Ogutu JO, Piepho H-P. Regularized group regression methods for
genomic prediction: Bridge, MCP, SCAD, group bridge, group lasso, sparse
group lasso, group MCP and group SCAD. BMC Proc. 2014;8(5):S7.


https://doi.org/10.1186/s12874-022-01648-z
https://doi.org/10.1186/s12874-022-01648-z
https://www.who.int/news-room/fact-sheets/detail/schizophrenia
https://www.who.int/news-room/fact-sheets/detail/schizophrenia

Arayeshgari et al. BMC Medlical Research Methodology ~ (2022) 22:170

20.
21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

Tibshirani R. Regression shrinkage and selection via the lasso. J Roy Stat
Soc: Ser B (Methodol). 1996;58(1):267-88.

Lin W, Lv J. High-dimensional sparse additive hazards regression. J Am
Stat Assoc. 2013;108(501):247-64.

Breiman L. Random forests. Mach Learn. 2001;45(1):5-32.

Hastie TJ, Tibshirani RJ, Friedman JH. The Elements of Statistical Learning:
Data Mining Inference and Prediction. Second Edition. Springer; 2009.
ISBN 978-0-387-84857-0.

Hapfelmeier A, UIm K. A new variable selection approach using random
forests. Comput Stat Data Anal. 2013;60:50-69.

Ishwaran H, Kogalur UB, Gorodeski EZ, Minn AJ, Lauer MS. High-
dimensional variable selection for survival data. J Am Stat Assoc.
2010;105(489):205-17.

Saunders JA, Morrow-Howell N, Spitznagel E, Doré P, Proctor EK, Pescarino
R. Imputing missing data: a comparison of methods for social work
researchers. Soc Work Res. 2006;30(1):19-31.

Vuong QH. Likelihood ratio tests for model selection and non-nested
hypotheses. Econometrica. 1989;57(2):307-33.

Avci E. Using count regression models to determine the factors which
effects the hospitalization number of people with schizophrenia. J Data
Sci. 2018;16(3):511-28.

Kal M-J, Kim W-H, Cho J-W, Kim J-H, Lee J-S, Bae J-N, et al. Factors affect-
ing recurrence in patients with schizophrenia received more than 10
years of treatment. Korean J Schizophr Res. 2015;18(2):66-72.

Hui CL, Chiu CP, Li Y-K, Law C-W, Chang W-C, Chan SK, et al. The effect of
paternal age on relapse in first-episode schizophrenia. Can J Psychiatry.
2015;60(8):346-53.

Fleming M. Gender differences in schizophrenia: The need for a psycho-
social and formulation based analysis? Clin Eff Nurs. 2004;8(3-4):156-60.
San L, Bernardo M, Gomez A, Pefa M. Factors associated with relapse in
patients with schizophrenia. Int J Psychiatry Clin Pract. 2013;17(1):2-9.
Barnes TR, Leeson VC, Mutsatsa SH, Watt HC, Hutton SB, Joyce EM. Dura-
tion of untreated psychosis and social function: 1-year follow-up study of
first-episode schizophrenia. Br J Psychiatry. 2008;193(3):203-9.

Norman RM, Lewis SW, Marshall M. Duration of untreated psychosis and
its relationship to clinical outcome. Br J Psychiatry. 2005;187(suppl. 4
8):519-23.

Altamura AC, Camuri G. Dell'Osso B. Anxiety Disorders: Karger Publishers;
2013.p. 111-8.

Ciudad A, San L, Bernardo M, Olivares JM, Polavieja P, Valladares A, et al.
Relapse and therapeutic interventions in a 1-year observational cohort
study of nonadherent outpatients with schizophrenia. Prog Neuropsy-
chopharmacol Biol Psychiatry. 2012;36(2):245-50.

Feldmann R, Hornung W-P, Buchkremer G, Arolt V. The influence of famil-
ial loading on the course of schizophrenic symptoms and the success of
psychoeducational therapy. Psychopathology. 2001;34(4):192-7.
Esterberg ML, Trotman HD, Holtzman C, Compton MT, Walker EF. The
impact of a family history of psychosis on age-at-onset and positive and
negative symptoms of schizophrenia: a meta-analysis. Schizophr Res.
2010;120(1-3):121-30.

Goldberg X, Fatjo-Vilas M, Penades R, Miret S, Munoz M, Vossen H, et al.
Neurodevelopmental liability to schizophrenia: the complex mediat-
ing role of age at onset and premorbid adjustment. Schizophr Res.
2011;133(1-3):143-9.

Wu F, Huang Y, Zhou Y, Li H, Sun B, Zhong X, et al. Factors influencing
relapse in schizophrenia: a longitudinal study in China. Biomed Res.
2017,28(9):4076-82.

Suzuki'Y, Yasumura S, Fukao A, Otani K. Associated factors of rehos-
pitalization among schizophrenic patients. Psychiatry Clin Neurosci.
2003;57(6):555-61.

Harvey PD, Heaton RK, Carpenter WT Jr, Green MF, Gold JM, Schoen-
baum M. Functional impairment in people with schizophrenia: focus on
employability and eligibility for disability compensation. Schizophr Res.
2012;140(1-3):1-8.

Ponting C, Delgadillo D, Rivera-Olmedo N, Yarris KE. A qualitative analysis
of gendered experiences of schizophrenia in an outpatient psychiatric
hospital in Mexico. Int Perspect Psychol. 2020;9(3):159-75.

Wasserman S, de Mamani AW, Suro G. Shame and guilt/self-blame as
predictors of expressed emotion in family members of patients with
schizophrenia. Psychiatry Res. 2012;196(1):27-31.

Page 13 of 13

44. Chabungbam G, Avasthi A, Sharan P. Sociodemographic and clinical
factors associated with relapse in schizophrenia. Psychiatry Clin Neurosci.
2007;61(6):587-93.

45, Owens DC, Johnstone EC, Miller P, Macmillan JF, Crow TJ. Duration of
untreated illness and outcome in schizophrenia: test of predictions in
relation to relapse risk. Br J Psychiatry. 2010;196(4):296-301.

46. Akinsulore A, Mapayi BM, Aloba OO, Oloniniyi |, Fatoye FO, Makanjuola
RO. Disability assessment as an outcome measure: a comparative study
of Nigerian outpatients with schizophrenia and healthy control. Ann Gen
Psychiatry. 2015;14(1):1-7.

47. Hafner H, Maurer K, Loffler W, Der Heiden WA, Hambrecht M, Schultze-
Lutter F. Modeling the early course of schizophrenia. Schizophr Bull.
2003;29(2):325-40.

48. Marcus SC, Chuang C-C, Ng-Mak DS, Olfson M. Outpatient follow-up care
and risk of hospital readmission in schizophrenia and bipolar disorder.
Psychiatr Serv. 2017,68(12):1239-46.

49. Okumura, Sugiyama N, Noda T. Timely follow-up visits after psychiatric
hospitalization and readmission in schizophrenia and bipolar disorder in
Japan. Psychiatry Res. 2018;270:490-5.

50. Kaewprom C, Curtis J, Deane FP. Factors involved in recovery from schizo-
phrenia: a qualitative study of Thai mental health nurses. Nurs Health Sci.
2011;13(3):323-7.

51. Pickard H, Fazel S. Substance abuse as a risk factor for violence in mental
iliness: some implications for forensic psychiatric practice and clinical
ethics. Curr Opin Psychiatry. 2013;26(4):349-54.

52. Baillargeon J, Hoge SK, Penn JV. Addressing the challenge of community
reentry among released inmates with serious mental illness. Am J Com-
munity Psychol. 2010;46(3-4):361-75.

53. Hartwell SW. Comparison of offenders with mental illness only and
offenders with dual diagnoses. Psychiatr Serv. 2004;55(2):145-50.

54 Tang Y-l, George TP, Mao P-x, Cai Z+j, Chen Q. Cigarette smoking in
Chinese male inpatients with schizophrenia: a cross-sectional analysis. J
Psychiatr Res. 2007;41(1-2):43-8.

55. Apud JA, Egan MF, Wyatt RJ. Effects of smoking during antipsychotic
withdrawal in patients with chronic schizophrenia. Schizophr Res.
2000;46(2-3):119-27.

56. Xie F, Xiao Z. Consistency of £1 penalized negative binomial regressions.
Stat Probab Lett. 2020;165:1-7.

57. Wang Z, Ma S, Wang CY. Variable selection for zero-inflated and overdis-
persed data with application to health care demand in Germany. Biom J.
2015;57(5):867-84.

58. Mallick H, Tiwari HK. EM adaptive LASSO—a multilocus modeling strategy
for detecting SNPs associated with zero-inflated count phenotypes. Front
Genet. 2016;7(32):1-19.

59. Wang Z, Ma S, Wang CY, Zappitelli M, Devarajan P, Parikh C. EM for
regularized zero-inflated regression models with applications to
postoperative morbidity after cardiac surgery in children. Stat Med.
2014,33(29):5192-208.

60. Famoye F, Singh KP. Zero-inflated generalized Poisson regression
model with an application to domestic violence data. J Data Sci.
2006;4(1):117-30.

61. Zeng P WeiY, ZhaoY, Liu J, Liu L, Zhang R, et al. Variable selection
approach for zero-inflated count data via adaptive lasso. J Appl Stat.
2014/41(4):879-94.

62. Buu A, Johnson NJ, Li R, Tan X. New variable selection methods for zero-
inflated count data with applications to the substance abuse field. Stat
Med. 2011;30(18):2326-40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Investigating factors associated with the number of rehospitalizations among patients with schizophrenia disorder using penalized count regression models
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Data
	Statistical analysis
	Poisson regression (PR) model
	Negative Binomial (NB) regression model
	Zero-inflated (ZI) regression models
	Penalized methods
	Penalty functions
	Random Forest variable selection
	Simulation study
	Software

	Results
	Simulation study
	Schizophrenia data
	Fitting the final model


	Discussion
	Conclusions
	Acknowledgements
	References


