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Abstract

Background: With China experiencing unprecedented economic development and social change over the past
three decades, Chinese policy makers and health care professionals have come to view mental health as an
important outcome to monitor. Our study conducted an epidemiological study of psychosis in Guangdong
province, with 20 million real-world follow-up records in the last decade.

Methods: Data was collected from Guangdong mental health information platform from 2010 to 2019, which had
standardized disease registration and follow-up management for nearly 600,000 patients with six categories of mental
diseases and 400,000 patients with schizophrenia. We conducted clinical staging for the disease course of the patients and
divided the data with various factors into different stages of disease. Quantitative analysis was utilized to investigate the
high relevant indicators to the disease. The results were projected on geography map for regional distribution analysis.
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Results: The majority cases of mental disease incidence were between the age of 15 and 29, while the peak age for both
male and female was between 20 to 24 years old. The disease course with the largest number of patients' cases was
between 5 to 10 years. The therapeutic effect of patients gradually decreased with the development of disease course,
while the risk increased with the disease course. The analysis of influencing factors showed that poor economic conditions
incurred higher risk scores, and good medication adherence was effective in improving treatment outcomes. In addition,
receiving good education contributed to the reduction of the risk of schizophrenia and the improvement of the efficiency
of early treatment. Through the analysis of regional distribution of schizophrenia disease, developed economic conditions
and favorable resource conditions could promote the reduction of disease risk, while in economically backward regions, it

often accompanied with lower therapeutic effect and higher disease risk.

Conclusions: Certain demographic factors had a relatively prominent impact on the therapeutic effect and risk of
schizophrenia, such as high-quality medication adherence. Therapeutic effect and risk were highly correlated. Backward
economic conditions often associated with poor efficacy and higher risk assessment, and the developed economy and
better medical resource are beneficial for the treatment of psychotic.

Keywords: Schizophrenia, Epidemiology research, Quantitative analysis

Background

Schizophrenia is a chronic disorder characterized with fre-
quent relapses that have severe consequences for patients’
quality of life, including occupational and psychosocial
functions, as well as economic burden for the patients and
their families [1]. Among the patients with schizophrenia,
the first onset of mental disorders usually occurs in child-
hood or adolescence [2]. In addition, the mortality of pa-
tients with the disease is relatively high than normal people
[3, 4], and this mortality gap is continually increasing in
recent decades [5]. Although the burden of schizophrenia is
increasing globally, it is still among incurable diseases even
its causes remain unknown. Given the severity, conse-
quences and unknown etiology, more attention needs to be
paid to the study of potential risk factors of the disease and
to contribute to prevention of the condition [6].

In recent years, there is an increasing number of epi-
demiology studies on schizophrenia [7]. The practical pur-
pose of epidemiology is discovering relations which offer
possibilities for disease prevention [8], and the epidemi-
ology counts health-related phenomenon to map the fre-
quency and distribution of disease across time and space.
This helps answer the questions related to which risk fac-
tors are linked to mental disorders and which treatments
and services can influence the course of mental disorders
[9]. McGrath et al. (2008) [10] concluded that the epi-
demiology of schizophrenia is characterized by prominent
variability and gradients that could help guide future re-
search. Hence, many epidemiology studies have been con-
cerned with the impact of the environment on the
development of schizophrenia. The marked variation in
incidence of schizophrenia is existed in various aspects
[11], and several socio-environmental factors have been
proposed to explain the prominent variation, such as men
are at higher risk of all psychotic disorders than women
[12] and the rates increase for ethnic minority groups, as

well as with lower socioeconomic status and in urban and
deprived neighborhoods [13, 14]. In view of these factors
on the impact of schizophrenia, it is essential to capture at
least some of these gradients and the clues that have been
generated by epidemiology [15].

In China, schizophrenia is the most common diagnosis
among hospitalized psychiatric patients [16], and it has
the highest age-standardized prevalence of schizophrenia
compared with other countries [17]. The early two
large-scale epidemiological surveys on mental disorders
in China were conducted in 1982 and 1993, providing
valuable foundations and guidance for next research.
With the fast development of China’s economy and the
accompanying changes in demographic structure, educa-
tion, social status and other aspects, the prevalence of
most mental disorders, however, is showing an increas-
ing trend [18]. Along with the continuous improvement
of population quality, the Ministry of Health and local
government, as well as the society, have realized the im-
portance and consequence of mental disorder [19], and
the China Mental Health Survey (CMHS) was launched
in 2012, which is aimed to conduct the nationally repre-
sentative community survey on mental disorders in
China [20, 21]. A meta-analysis estimated the pooled
prevalence of schizophrenia and suggested that location
distribution affects the prevalence estimates significantly,
with the prevalence for urban residents was higher than
for rural [22]. Another study demonstrated that family
economic status might also contribute to schizophrenia
as a potential impact [10]. Except for national studies,
another analysis conducted a series epidemiological
studies in selected four provinces to explore the preva-
lence of different types of mental disorders in China
[23]. These epidemiological studies investigated the in-
fluence factors and prevalence in China. Due to the large
population base of China, a low prevalence still can
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cover an enormous number of people. Thus, it is ur-
gently needed to take effort to deal with the huge unmet
need for treatment of mental disorders [24].

Based on the previous epidemiological studies of risk
factors for schizophrenia, we used statistical analysis to in-
vestigate the impact of relative factors on schizophrenia.
We first conducted a preliminary analysis of age, course of
disease and geographical distribution. In order to explore
the influence of relevant factors on schizophrenia, we se-
lected several valuable attributes based on the records of
patients’ relevant information in the follow-up data to
evaluate the effect of these attributes on the treatment ef-
fect and risk of schizophrenia. Finally, we explored the re-
gional distribution characteristics of the disease as well as
analyzed the related phenomena, which indicates several
severely affected areas that we should pay much attention
to. To our knowledge, this is the first and largest quantita-
tive study on the epidemiology of mental disorders based
on the large numbers of follow-up data in Guangdong
province, which is the province with largest economy vol-
ume in the country.

The contribution of this work is as follows: (1) Collect-
ing and preprocessing the largest study data containing
approximately 20 million real-world follow-up records
and nearly 400,000 patients with schizophrenia in
Guangdong province. (2) Defining measures to analyze
the treatment effect and risk, and analyzing the influence
factors, as well as comparing their difference between
groups. (3) Exploring the characteristics of the regional

Page 3 of 19

distribution of schizophrenia and comparing the differ-
ences of the treatment effect and risk in different re-
gions, which provided a reference for the effective and
reasonable allocation of medical resources and the
optimization of disease prevention and control. (4) Dis-
cussing how these factors can be applied to clinical sys-
tems or medical institutions by analyzing the factors that
influence schizophrenia for applying the optimized out-
comes to prediction, diagnosis, or treatment.

Methods

Design

The overall analytical framework is shown in Fig. 1.
From the risk and treatment effect existing in the
follow-up data, we extracted the focus groups with nega-
tive therapy effect and high risk. Age, gender, blood glu-
cose and other indicators were as the closely monitored
indicators. The characters of group were used to design
the prediction model and feature clustering, which was
used to analyze the group and quantify treatment effect
and risk. The quantified treatment effect and risk were
used afterwards for estimating the influence of different
factors in schizophrenia.

Data preparation

The study population including 348,801 individuals with
valid registered records who living in Guangdong prov-
ince and were diagnosed with ICD code F20.* during the
period from January 1, 2010 to May 30, 2019, of which
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1755 were excluded due to missing or implausible data.
The follow-up data was obtained from the Guangdong
Mental Health center network medical System (GDMHS),
which was initiated in 2000 and covered over 99% of
schizophrenia patients in the province. Within the disease
registration report system, patient profile, diagnosis and
treatment information in hospitals were reported and re-
corded into the system via a computer network.

Validity of the data was confirmed by psychiatrist doc-
tors and a chief physician in the hospital after data entry.
Moreover, the Health Commission verified the data an-
nually through sampling survey to ensure data reliability.
Since the data from GDMHS did not contain individu-
ally identifiable information, and therefore individual in-
formed consent was not required.

Covariates

We conducted a descriptive analysis of the data based
on age groups and disease course length. The evaluation
models of therapeutic effect and risk were focusing on
gender, economic status, medication adherence, educa-
tion level, risk evaluation, region distribution, register
type and age group. The data was also represented as
points and density levels to project them geographically
for presenting the location characteristics of patients.
The location factor was taken into account in order to
investigate the regional distribution of mental disorders.

Evaluation metrics

The measures of main treatment outcome in this study
were quantified treatment effect and risk. The calcula-
tion method of the efficiency rate is as Eq. (1).

|Cured| + |Improved)|
| Total|

Efficiency = (1)

where Cured is the patients cured, Improved is the pa-
tient has improvement on disease, and Total is the total
follow-up records of this research group.

Table 1 Classification of risk assessment levels
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During the evaluation of treatment risk, the assess-
ment can be classified into six levels based on the differ-
ences of patients’ symptoms, as shown in Table 1.

Statistical analysis

In this study, we adopted various statistical analysis
methods to explore the influence of factors on the inci-
dence of outcomes to reveal the treatment characteris-
tics of real-world schizophrenia at different stages of
disease course as well as relevant factors affecting the
treatment effect and risk of schizophrenia.

To assess the therapeutic characteristics of schizophre-
nia in different populations and stages of the disease, we
grouped patients according to different disease courses
and calculated proportion of each factor in different dis-
ease stages. The influence of each factor on the indica-
tors was divided into five different stages: 0—6 months,
7-12 months, 13-24 months, consolidation period (2-5
years), and maintenance period (over 5years). In
addition, we sorted and grouped different attributes for
each factor, such as households was grouped as urban
and rural areas, economic conditions was grouped as
poverty and non-poverty, etc., to explore the intra-group
differences in the influence of different factors.

In the descriptive analysis, we conducted a statistical
analysis towards the data. We grouped patients by age and
gender, to observe the number of patients in different age
groups and whether there existed differences between dif-
ferent gender groups. In the meantime, the course of dis-
ease was grouped according to the follow-up time points,
and analyzed count and variation trends of male and fe-
male cases in different disease courses respectively. Finally,
the regional distribution of disease was depicted based on
the follow-up sites of mental patients to analyze the re-
gional characteristics of the incidences of schizophrenia.

During the quantitative analysis of treatment and risk,
the patient treatment data, such as treatment develop-
ment status including cure, improvement, no-change or
aggravation, was recorded. In order to calculate effi-
ciency and risk scores, we grouped the data by course of

Level  None of the following behaviors are consistent with levels 1-5.

0

Level  Verbal threats and shout but no hitting behaviors.

1

Level  Hitting behavior is confined to the home and can be persuaded to stop.

2

Level  Having obvious hitting behaviors which regardless of the occasion and only aim at the property and items, cannot persuaded to stop.
3

Level  Persistent hitting behaviors which regardless of the occasion and target at property or people, cannot be persuaded to stop (including self-
4 injury and suicide).

Level  Any act of violence against a person with a weapon, or an act of explosion, arson, etc,, whether at home or in public.

5
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disease in year, and then summarized the follow-up re-
cords by year and patient ID. According to a list of
evaluation metrics, the total effective rate and risk of
each patient per year were calculated. After that, the
mean (95% confidence interval) was used to calculate
the total effective rate and risk per year. We used the
time length of the disease as an independent variable to
investigate the variation trend of different factors on the
time axis of the disease course towards efficiency and
risk, and to compare the differences between different
attributes of the same factor. In order to further analyze
the trend of schizophrenia among different factors, the
Cox-Stuart method was used to test the significance of
the risk and efficacy trend of each group to explore the
changing trend of risk and efficacy of different attributes
in each factor group with the course of disease. In risk
assessment, if a patient appeared with multiple different
evaluation levels, level 0 to 2 was represented as 0 point
and level 3 to 5 was represented 1 point. Then the
amount of times appeared a year is counted as the count
of corresponding points.

In addition, we investigated the characteristics of the re-
gional distribution of treatment effects and risks, which
were conducive to the early detection of problems from
geographical distribution. A hotspot map was utilized to
represent the distributions of relevant indicators of pa-
tients. First, we exploited a gradient of color levels to map
the patient population density in different areas. Then,
multiple groups of efficient intervals were divided and the
interval values were indicated by the depth of color, with
the deeper color representing the higher efficient value.
Efficient mappings were represented in node color on the
map. In order to map the risk assessment, we used risk
scores as a variable and plotted them as the sizes of nodes,
with the larger nodes representing higher risk score in the
region. Meanwhile, with the goal of analyzing the demo-
graphic characteristics of a region, the average age and
length of disease course of the patients in the region were
counted to be the labels of the nodes.

Analyses were stratified to examine the epidemiology
of psychosis in Guangdong province from different per-
spectives, with exploring the characteristics of psychosis
population, and the differences and evolution trends of
schizophrenia in urban and rural, region, economic sta-
tus, education status and other aspects.

Results

From 10-year follow-up data of psychiatric patients, 348,
801 individuals were screened, where 190,225 (54.5%)
patients were male and 158,576 (45.5%) were female.
Among the patients, 144,804 (41.6%) were registered in
urban areas, while 203,373 (58.4%) were registered in
rural areas. Meanwhile, 208,894 (59.9%) of the patients
were recorded as poverty population and only 139,683
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(40.1%) were non-poverty population. Young and middle-
aged patients accounted for most of the follow-up popula-
tion, among which 149,295 (42.8%) were young (18-44
years old) and 148,348 (42.5%) were middle-aged and eld-
erly (45-65 years old) at all stages of the disease. Mean-
while, most of these follow-up patients only received
primary education (224,330, 64.3%), followed by illiteracy
& semi-illiteracy (55,915, 16.0%). Only 10,331 (3.3%) pa-
tients experienced higher education.

Group analysis of disease course

The statistical information of social demographic charac-
teristics was shown in Table 2. We first analyzed the in-
ternal characteristics of the follow-up data in groups.
Comparing the distribution of various factors at different
stages, the count of patients at different stages of the dis-
ease presented an increasing trend. The number of pa-
tients in the maintenance period was the most, while
patients at the onset of 0—6 months was the least. Ac-
cording to the follow-up age, young people and middle-
aged and elderly people were the main population with
the disease, representing that the disease age was mainly
distributed between 18 and 65 years old. In terms of geo-
graphical category, the population groups of patients in
Guangdong province were mainly distributed in the eco-
nomically developed areas, e.g., Guangzhou, Foshan and
Shenzhen, as well as the densely populated areas, e.g.,
Chaoshan, and Meizhou. In addition, most schizo-
phrenic patients had a low level of education, and the
poverty rural areas having more patients may also repre-
sent a lower level of education, compared with the non-
poor urban areas.

Descriptive analysis

Among the follow-up data, the number of cases at the age
of initial onset (in units of 10) were grouped and summa-
rized, and the distribution of onset age were shown in the
Fig. 2. The highest incidence of schizophrenia in both men
and women was aged between 20 and 24, and the count of
patients between 15 to 29 years old was the majority. Also,
there were more patients in men before the age of 30-34
years old than in women, and fewer patients after the age
of 34. In view of such situation, it was appeared to be at-
tributed to men may be related to work pressure and
women may be related to menopause physiology. We also
observed the variation in the number of patients with
schizophrenia over course of disease (respectively observed
in men and women). As shown in the Fig. 3, by dividing
the course of disease into different intervals, most patients’
course of disease was concentrated between 5 and 10
years. The number of cases with course of disease in-
creased from O to 10 years, and then presented a trend of
decline. Meanwhile, the result demonstrated that men pa-
tients had more cases per course of disease than women.
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Table 2 The statistics of follow-up data in stages according to the disease course of patients
Disease course classification Total 0~6months 7~12 13~24 Consolidation  Maintenance Sum (Ratio)
months months
# Cases # Cases # Cases (Ratio) # Cases (Ratio) # Cases (Ratio)
(Ratio) (Ratio)
Group summaries 348,801 2657 (0.76%) 3971 (1.14%) 13,260 (3.80%) 57,822 271,091
(16.58%) (77.72%)
Sex 348,801
1-Male 1410 (040%) 2199 (0.60%) 7187 (2.10%) 31,484 147,945 190,225
(9.00%)) (42.40%) (54.5%)
2-Female 1247 (040%) 1772 (0.50%) 6073 (1.70%) 26,338 (7.60%) 123,146 158,576
(35.30%) (45.5%)
Age 348,737
01.Child0~6 - - - 7 (0.00%) 2 (0.00%) 9 (0.0%)
02.Youngster 7 ~ 12 5 (0.00%) 11 (0.00%) 10 (0.00%) 71 (0.00%) 94 (0.00%) 191 (0.1%)
03.Adolescent 13~ 18 108 (0.00%) 153 (0.00%) 391 (0.10%) 689 (0.20%) 494 (0.10%) 1835 (0.5%)
04.Youg people 18 ~ 44 1473 (040%) 2103 (060%) 7330 (2.10%) 32,207 (9.20%) 106,182 149,295
(30.40%) (42.8%)
05.Middle-aged 45 ~ 65 800 (0.20%) 1253 (040%) 4098 (1.20%) 18495 (5.30%) 123,702 148,348
(35.50%) (42.5%)

06.0ld age 65~

Registration 348,177
1-Urabn

2-Rural

Regions 348,801

1-Guangzhou &Foshan&Shenzhen
2-Meizhou&Chaoshan

3-South coastal region
4-Xinfeng&Heyuan

5-Remote areas in northern Guangdong
6-Northern Guangdong&Shaoguan

7-Mountainous area in western
Guangdong

8-West coast in Guangdong
0-Other regions

Educational status 348,801
Unknown

Primary education

Higher education

Secondary school education

llliteracy & semi-illiteracy

Economic status 348,577

1-Poverty

2-Non-poverty

270 (0.10%)

910 (0.30%)

1732 (0.50%)

310 (0.10%)
346 (0.10%)
290 (0.10%)
103((0.00%))
157 (0.00%)
275 (0.10%)

)

211 (0.10%,

12 (0.00%)
953 (0.30%)

330 (0.10%)
1555 (0.40%)

160 (0.00%)
328 (0.10%)
284 (0.10%)

1192 (0.30%)

1455 (0.40%)

450 (0.10%)

1331 (0.40%)

2618 (0.80%)

488 (0.10%)
666 (0.20%)
1(0.10%)
149 (0.00%)
205 (0.10%)
1(0.10%)

(

297 (0.10%)

43 (0.00%)
1351 (0.40%)

493 (0.10%)
2305 (0.70%)

189 (0.10%)
429 (0.10%)
555 (0.20%)

2056 (0.60%)

1908 (0.50%)

1429 (0.40%)

5179 (1.50%)

8030 (2.30%)

1582 (0.50%)
2170 (0.60%)
1435 (0.40%)
530 (0.20%)
763 (0.20%)
1058 (0.30%)
785 (0.20%)

115 (0.00%)
4822 (1.40%)

1698 (0.50%)
7932 (2.30%)

551 (0.20%)
1368 (0.40%)
1(0.50%)

6436 (1.80%)

6809 (2.00%)

6338 (1.80%)

22,484 (6.50%)

35,183
(10.10%)

6714
8542
6336

(1.90%
Q.
@
2198 (0.
(a
@
(

)
40%)
%
%
%
0%,

0
0
3321 0
6246
4044

.80%)
60%)
.00%)
.80%)
20%)

431 (0.10%)
19,990 (5.70%)

7347 (2.10%)
34,686 (9.90%)

2156 (0.60%)
5580 (1.60%)
8053 (2.30%)

32,069 (9.20%)

25,706 (7.40%)

40,572 (11.60%)

114,900
(33.00%)

155,810
(44.80%)

44,447 (12.70%)
46,014 (13.20%)
33,278 (9.50%)
11,208 (3.20%)
17,427 (5.00%)
25,741 (7.40%)
( )

18,116 (5.20%

549 (0.20%)
74,311 (21.30%)

14,857 (4.30%)

177,852
(51.00%)

7275 (2.10%)
25,795 (7.40%)
45,312 (13.00%)

167,141
(47.90%)

103,805
(29.80%)

49,059 (14.1%)

144,804
(41.6%)

203,373
(58.4%)

53,541 (15.4%)
57,738 (16.6%)
1,750 (12.0%)
14,188 (4.1%,
1,873 (6.3%,
33,681 (
23453 (6.7%

9.7%,

1150 (0.3%)

101,427
(29.1%)

24,725 (7.1%)

224,330
(64.3%)

10,331 (3.0%)
33,500 (9.6%)
55,915 (16.0%)

208,894
(59.9%)

139,683
(40.1%)
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Fig. 2 The proportion of patients with different onset ages. The two lines represent the distributions of male and female patients

Quantitative analysis of efficacy and risk

We first computed the effectiveness and risk of each fac-
tor using a list of quantitative strategies aforementioned.
According to the social demography of the data, the ef-
fects of various factors with the time intervals of disease
course on the efficiency and risk were analyzed. Finally,
we explored the efficiency and risk of trends of disease
course in eight groups respectively.

Overall, the efficacy tended to worse with the course of
the disease, and the risk score was higher with the course
of the disease. Through statistical analysis of various factors,
there was little difference in the effect of gender on effi-
ciency. However, there was a significant difference in the ef-
fect of gender on risk score, demonstrating that the risk

score of men was higher than that of women (Figs. 4 and
5). The effect of economic conditions for treatment efficacy
was not prominent (Fig. 6). When the course of disease
exceeded 1 year, the treatment efficiency of poor economic
condition was relative higher. While the effect of economic
conditions on the risk score was more obvious, reflecting in
the fact that poorer economic conditions had higher risk
scores at each time point in the disease course compared
with better economic conditions, and the risk score existed
a certain gap between different economic conditions (Fig. 7).
Medication adherence exerted a significant effect on the
therapeutic efficiency (Fig. 8). Three different grades of
medication adherence indicated that better medication
adherence represented higher therapeutic efficiency. In

8092k
80000

60000

40000

Case count

20000

Gender

-~ 1-Male
= 2-Female

0-4 59 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85-89 90-94 95-99
Course of disease

Fig. 3 The distribution of course of disease in patients with schizophrenia by gender
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Gender
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- Female
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Disease course

Fig. 4 The change of effective rate with the course of disease by gender with decreasing trend (Male, p < 0.001; Female, p < 0.001)

particular, there was a prominent difference between the ef-
fective rate of intermittent medication and non-medication,
suggesting that drugs played a certain role in the improve-
ment of psychiatric treatment. As for risk assessment, there
was little difference between medication compliance levels
and a certain degree of fluctuation with the development of
disease course. In general, risk assessments for regular
medication adherence were lower (Fig. 9). Dividing the age
groups by six groups manifested that the effective rate of
young people and middle-aged and elderly people was rela-
tively higher, and the effective rate of youngsters shown a
relatively rapid decline in the first 10 years of the course of
disease, while young people had a higher risk score in the
overall course of disease distribution (Figs. 10 and 11). In

view of the distribution of efficiency and risk in urban and
rural areas, the efficiency of urban environment was higher
in the first 10 years of disease course, while the efficiency of
rural was overpassed the urban when the disease course
continues to increase. In terms of risk, the risk score of
urban areas was lower than that of rural areas in each dis-
ease course, which existed some certainly consistent with
the analysis of the corresponding economic status (Figs. 12
and 13). According to the classification of the education
level of the population, there was little difference in the
treatment efficiency among different education levels, but
the patients who had received higher education tended to
have the highest treatment efficiency at the beginning of
the disease, while the illiterate and semi-literate patients

0.050

0.025

Risk Assessment

0.000

Gender

- Male
-= Female
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Fig. 5 The change of risk assessment with the course of disease by gender with increasing trend (Female, p < 0.001)
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Fig. 6 The change of effective rate with the course of disease by economic status with decreasing trend (Poverty, p < 0.001; Non-poverty, p < 0.001)

had a lower treatment efficiency (Fig. 14). In terms of risk
assessment, correspondingly, the patients who had received
higher education had the lowest risk score in each course
of disease, while the risk score of the patients who had been
illiterate and semi-literate and primary education was rela-
tive higher (Fig. 15). The distribution of treatment efficiency
and risk of the major 8 regions of Guangdong province was
analyzed and visualized in (Fig. 16). The regions with better
economic conditions, such as Guangzhou, Foshan and
Shenzhen, had higher treatment efficiency at the initial
stage of disease course, but shown the lower treatment ef-
fect in the overall course of disease. On the contrary, in the
risk assessment, the better economic conditions reflected

the lower risk score and the risk was generally higher in the
remote areas of north Guangdong (Fig. 17). Correlated the
effectiveness and risk, four different treatment effects were
classified in the risk assessment according to the patients’
recovery, including cure, improvement, no change and ag-
gravation. It could be seen that the risk assessment value
represented by the aggravation of the patient’s illness was
the highest and different with the other three indicators. In
the analysis of treatment effect, the risk was divided into 6
different grades, and overall the lower risk degree corre-
sponded to the better treatment effect. But there were still
some cases where the risk was higher and the treatment ef-
fect was also higher. In the risk assessment, because of the
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Fig. 7 The change of risk assessment with the course of disease by economic status with increasing trend (Poverty, p = 0.004)
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Fig. 8 The change of effective rate with the course of disease by medication adherence with decreasing trend (Regular medication, p < 0.001;

incomplete follow-up records of some patients’ cure condi-
tions, data in some disease courses was missed (Figs. 18
and 19).

Furthermore, statistical method (Cox-Stuart) was used
to analyze the significance of the risk and therapeutic ef-
fect trend in each group. Among them, the intro-group
factors whose risk increased significantly with the course
of the disease were: urban and rural register factors,
illiteracy and semi-illiteracy attributes in education level
factors, poverty attributes in economic factors, young
people and middle-aged people in age groups, females in
gender factors, as well as remote mountainous areas in
northern Guangdong in geographical categories. While

in the effective rate analysis, the effective rate of each
group mostly showed a significant decline with the
course of disease, except for the following two groups:
level 5 in risk factors and child attributes in age group.
These results could also be derived from the corre-
sponding curve trends.

Through the comparison between the different factors
within the set of attributes to be efficient and risk differ-
ence, we identified that different degrees of medication
adherence, different condition of economic, different
ages and risk level had difference in treatment effect in
general. In the risk assessment, there were significant
differences among the attributes of the group in gender,
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Fig. 9 The change of risk assessment with the course of disease by medication adherence
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economic status, age group, urban-rural and treatment
efficiency.

Disease distribution analysis

A hotspot map was used to represent the distribution of
effectiveness and risk assessment of the patients, where
node colors and node sizes represent the treatment ef-
fect and risk assessment respectively, as shown in Fig. 20.
By observing the color level mapping to the number of
cases, the areas with a large number of cases tended to

be distributed in areas with high population density,
such as Guangzhou, Dongguan and Chaoshan area. By
analyzing the mapping of node colors and sizes, it could
be found that in the economically developed cities, such
as Foshan, Guangzhou and the Pearl River delta region.
The treatment effect was moderate but the risk assess-
ment was generally low. Meanwhile, it could be seen
that the treatment effect of schizophrenia was poor and
the risk assessment was significantly higher in the re-
mote mountainous area of the rural-urban junction area
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Fig. 12 The change of effective rate with the course of disease by registration sites with decreasing trend (Urban area, p < 0.001; Rural

in north Guangdong, which is relatively backward in
economic development, especially in Lianshan county
and Fogang county. It worth to be noted that Chaoshan
area (including Chaozhou and Shantou cities) was a spe-
cial area with a large number of patients and a relatively
long course of disease. Although this area possessed a
certain degree of therapeutic effect, the risk assessment
was generally high and the distribution was relatively
dense, indicating that this might be an area that needed
to be paid more attention to. In southern Guangdong
province, some coastal cities, such as Kaiping and Yang-
jiang, had low population density, but poor treatment

effect and high-risk assessment, indicating that these
were also one of the regions with serious mental illness
in current situation. While in southern coastal areas
such as Maoming and Zhanjiang, antipsychotic treat-
ment was more effective and less risky.

Through the above analysis of the distribution charac-
teristics of schizophrenia in various regions of Guang-
dong province, it could be found that the efficacy and
risk were correlated. Poverty areas with backward eco-
nomic conditions such as northern Guangdong were
often accompanied by poor curative effect and high-risk
assessment. On the contrary, in areas with developed
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Fig. 13 The change of risk assessment with the course of disease by registration sites showing an increasing trend (Urban, p=0.018;
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economy and good medical resources, such as
Guangzhou, Foshan, Shenzhen, the risk assessment was
lower, indicating that the disease was effectively con-
trolled. Meanwhile, Chaoshan area deserved more atten-
tion for its special geographical location and disease
distribution condition.

Discussion

Schizophrenia is a complex mental illness which brings
great economic loss to patients and society [25]. This is
the first work to carry out epidemiology study of schizo-
phrenia on large quantity of patients with mental illness

using follow-up data and to conduct integrated process-
ing and data analysis using a platform of big data ana-
lysis. We used statistical analysis method to study the
characteristics and impact factors of schizophrenia.
Through this study, the mental health center estab-
lished a refined treatment effect and disease risk control
system based on the quantification of disease risk indica-
tors based on the big data. The system dynamically pre-
sented the history and current situation of treatment in
each region of Guangdong province through the analysis
of patient demographic characteristics, disease condi-
tions, treatment, region and other dimensions. The
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Fig. 15 The change of risk assessment with the course of disease by education level showing an increasing trend
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system could help managers to intuitively compare the
prevention and control of schizophrenia as well as the
effectiveness of regional health policies. It also enabled
managers to better combine data phenomena, regional
characteristics and corresponding measures for analysis,

example: 1) Shenzhen was characterized by large popula-
tion mobility and difficult follow-up of urban patients.
By improving service, Shenzhen had carried out joint
follow-up visits for patients by mental health social
workers and primary schizophrenia prevention doctors,

continuous attention and in-depth research. For so as to improve follow-up compliance of patients and
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Fig. 18 The change of effective rate of with the course of disease by risk levels with decreasing trend (Risk 0, p < 0.001; Risk 1, p < 0.001; Risk 2,

reduced the occurrence of dangerous behaviors of pa-
tients who had been followed up. 2) Every primary
health and medical institution in Yunfu city had opened
a psychiatric output clinic with the characteristic of
complete inpatient and outpatient medical insurance,
thus improving the treatment rate and medication com-
pliance of patients. 3) In response to the poor medical
conditions in rural areas, Shantou city had established a
“mental health prevention day”, in which psychiatrists
from municipal psychiatric hospitals regularly send
medicine to the countryside free of charge. To some ex-
tent, this alleviated the difficulty in seeking medical
treatment and the inconvenience in the return visit, so

that patients could return visit and take medicine in a
timely manner. The system would also continue to im-
prove in data governance, quality control, analysis and
mining functions, and would provide more help for the
study of regional differences, measures, and effectiveness
of the causal relationship.

In the study, we conducted clinical staging of the pa-
tients’ course to analyze the characteristics of the disease
and treatment in different populations and stages of
real-world schizophrenia. Clinical staging, as an import-
ant basis of clinical treatment, had been widely used in
the diagnosis and treatment of various diseases. More-
over, clinical staging was of great significance for the
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Fig. 19 The change of risk assessment with the course of disease by treatment effect showing a decreasing trend (Aggravate, p=0.018)
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improvement of clinical treatment outcome. In the field of
schizophrenia, the Royal Australian and New Zealand Col-
lege of Psychiatrists had published the guidelines for clin-
ical practice management of schizophrenia and related
disorders in 2016, which proposed a new concept of
schizophrenia staging and a corresponding strategy of
step-based treatment [26]. Therefore, studying the disease
characteristics of schizophrenia in different stages and car-
rying out corresponding preventive intervention was of
great meaningful, which could effectively avoid the trans-
formation of the disease. Our results demonstrated the
distribution characteristics of disease and treatments at
different stages of disease course, which provided refer-
ences for personalized treatment, optimization of disease
prevention and control.

Statistics on the age of initial onset by males and females
were conducted respectively. Although recent studies sug-
gest that differences in prevalence between male and fe-
male were controversial [27], the results manifested that
these differences might be existed in current regional
characteristics. By observing that the number of male pa-
tients was higher than female before the age of 30 to 34

years old but fewer than female after 34 years old, we be-
lieved that the social factors and physiological characteris-
tics contributed to gender differences in schizophrenia,
and might also have a significant impact on the prevalence
of psychosis.

In our study, several designed factors were selected,
which might be relevant to the efficiency and risk ana-
lysis of schizophrenia. By comparing the differences in
efficacy and risk among intra-group attributes of differ-
ent factors, our results revealed that treatment efficacy
presented differences among different degrees of medi-
cation adherence, different condition of economic, dif-
ferent age groups and risk levels. As suggested in [28,
29], patients with mental illness who persist in anti-
psychotic treatment without interruption of medication
could effectively improve the therapeutic effect of the
disease. Thus, we possibly needed to pay more attention
to these factors that were sensitive to schizophrenia and
had a potential impact on the improvement of treatment
outcome. In the risk analysis, there were certain differ-
ences among the attributes among groups by gender,
economic status, age group, urban-rural and treatment
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efficiency. The gender difference also reflected our ana-
lysis results of the number of cases in male and female
patients with different disease course, showing that male
had a higher risk of disease than female. Economic con-
ditions partly reflected the relationship between schizo-
phrenia and treatment conditions. The treatment of
psychosis tended to bring the higher costs [30]. Families
with better economic conditions probably were more
willing to accept long-term treatment for schizophrenia,
while families with poor economic conditions might
abandon treatment because of the high cost, leading to
further deterioration of the disease. These differences
and trends indicated that certain factors and environ-
ment were associated with the development of psychosis,
which had guiding significance for the treatment of
schizophrenia.

We took the location factor into account and con-
verted the efficacy into efficient density layer, which was
supposed to be better demonstrate the efficacy distribu-
tion. Our results suggested that social factors might in-
fluence the outcome and risk of rural urban gradients of
psychosis. This was meaningful since it implied that
some social determinants of the geographical distribu-
tion of psychosis-including socioeconomic or population
size were influencing factors. The geographical distribu-
tion of schizophrenia could be explained as follows. In
economically developed regions, the medical conditions
and awareness of patients with schizophrenia were rela-
tively perfect, and patients had more opportunities to re-
ceive professional antipsychotic treatments, so that the
disease could be better managed and the risk assessment
was relatively lower. On the contrary, in the places with
relatively backward economy and large population, lower
education attainment, backward medical conditions, lower
economic status, less access to health services, and lover
income contributed to the possibility that patients could
not afford the high treatment costs or missed the best
treatment time due to less awareness of schizophrenia [31,
32]. The socioeconomic and population sizes had been
suggested that risk factors for schizophrenia were cumula-
tive and interactive, both with each other [33]. The geo-
graphical nature of disease distribution also suggested that
we needed a major redistribution of social and health re-
sources to address this inequities issue, and this happened
if strong political, economic, social and professional stake-
holders in the community were actively involved.

Because of the large population of China, a small preva-
lence rate could lead to a large number of cases. As men-
tal disorders usually bring substantial disease burden, the
Government needed pay more attention to mental health
care [34]. With respect to this, there were initiatives to es-
tablish universal health care coverage, and a growing
number of individuals were covered by health insurance
systems, which could provide some relief from the high
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direct health care costs of schizophrenia for the patient
and family members [35, 36]. Because of common mental
disorders were associated with greater impairment than
chronic physical disorders but were markedly under-
treated, it is indicating that the priority of China’s medical
resources allocation should be actively adjusted, and the
use of medical resources should be optimized [37]. For the
treatment of schizophrenia in Guangdong province, we
should pay more attention to some relatively poor areas,
such as the remote mountainous areas in north and west
Guangdong, to achieve a reasonable allocation of medical
resources. Moreover, Chaoshan area with its high risk and
complex disease characteristics is another area worthy of
attention.

A long-time follow-up was conducted in this study,
and the recorded data lasted for 45 years, which was a
relatively large and important workload. A large number
of follow-up data were collected during the long-term
disease registration and follow-up management, includ-
ing 20 million follow-up data in the last decade. We re-
corded the data in detail, including: 1) demographic
sociology data; 2) psychiatry diagnosis, symptoms, treat-
ment and rehabilitation measures, risk, social function
assessment, etc.; 3) medication status and adverse reac-
tions of patients; and 4) a series of other information.
The abundant data was conducive to the epidemiological
study of schizophrenia and the analysis of the role of
several factors, including some demographic factors and
environmental geographical distribution. Here, we de-
signed the correlated formula to quantify the therapeutic
effect and risk to better assess the impact of different
factors on psychosis. The factors with significant differ-
ences among different attributes in the group were fo-
cused to provide reference basis for evaluating and
optimizing the treatment and follow-up management of
mental disease as well as accurate disease prevention and
control. Elaborately depicting the regional distribution
characteristics of disease, exploring the differences of thera-
peutic effect and risk in different regions, and proposing
the regions that need to be paid more attention to, which
provides help for the corresponding policy making and
health institutions to provide more targeted services. In the
future, we will continue to conduct in-depth research to ex-
plore how to better integrate our research results with rele-
vant clinical work, so as to provide references for clinical
personalized treatment, optimization of disease prevention
and control and other work.

Conclusions

The evidence of variation in therapeutic effect and risk
assessment in different regions, associated with local
economic levels and medical resources was analyzed.
Several demographic factors affecting the effectiveness
and risk of psychiatric care were identified, which might
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benefit the evaluation and optimization of the disease
treatment. Through the analysis, a list of high-risk areas
in Guangdong province should be paid more attention
to achieve effective and reasonable allocation of medical
resources for improving the overall treatment status of
schizophrenia in the province.
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