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Abstract
The World Health Organization predicted that depression will become the second greatest disease burden after coronary heart
disease by 2020. However, there are few quantitative studies on the spatial relationship between environmental factors and
characteristics of patients with depression. In this paper, mathematical statistics, geographical information system and regression
methods were used to conduct a quantitative analysis of the individual attributes of hospitalized patients with depression in a
Class 3A hospital in Shanghai from 2013 to 2019 and to explore the relationship between individual attributes and circumjacent
environmental factors. The results show that (1) the total number of patients with depression has increased in recent years, and the
proportion of women was increased 2.5-fold compared with that of men. The risk was significantly increased in middle-aged and
young adults aged 45–69 years compared with other age groups. The average hospitalization time was 20–30 days. The lower the
level of education, the greater the risk of depression. (2) Within a certain spatial range, the closer to city parks and coffee shops,
the lower the distribution density of depressed patients. (3) Medical insurance for patients with depression needs to implement a
“people-oriented” differentiation policy. (4) Expanding urban public space, improving urban leisure and entertainment infra-
structure, and introducing coffee shops into large-scale residential communities are three important strategies to prevent and treat
depression.
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Introduction

Depression is a common mental disorder mainly manifested
by sustained negative affect and anhedonia. Depression has
become one of the most serious psychiatric diseases affecting
human health in modern and stressful social environments
(Bongiorno, 2012; Drysdale et al., 2017; Katon et al., 2002;
Mathers & Loncar, 2006; Watzke et al., 2020). Depression
andOther CommonMental Disorders reports that greater than
300 million individuals suffered from depression worldwide,
and the average incidence rate was approximately 6.66% in
2019 (https://app.mhpss.net). Depression affects 20 million
people in the US, and approximately 10% of American
adults are projected to have depression with a prevalence of
7:100 males and 12:100 females. Depression is one of the
largest and costliest medical health problems in the United
States, accounting for > US$46.5 billion in total costs
annually (Bongiorno, 2012; Quilala, 2017). In China in
2009, 4.2% of the total population (approximately 54 million
people) experienced depression. In addition, depression leads
to an annual economic burden of greater than 51.37 billion
Chinese yuan (https://app.mhpss.net). By 2030, depression

* Yishao Shi
shiyishao@tongji.edu.cn

Tianhui Tao
taosky06@tongji.edu.cn

Qianqian Yang
yangqianqian@tongji.edu.cn

Shanzhu Li
lishanzhu@tongji.edu.cn

Xiatong Guo
15735186395@163.com

Xiaowen Pei
peixiaowen@tongji.edu.cn

1 College of Surveying and Geo-Informatics, Tongji University,
Shanghai 200092, China

2 Tongji Hospital of Tongji University, Shanghai 200065, China

https://doi.org/10.1007/s12144-021-01940-z

/ Published online: 3 June 2021

Current Psychology (2023) 42:5910–5921

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s12144-021-01940-z&domain=pdf
http://orcid.org/0000-0003-4056-9472
https://app.mhpss.net
https://app.mhpss.net
mailto:shiyishao@tongji.edu.cn


will become a major global public health issue and the leading
cause of death globally, causing a significant negative effect
on productivity.

In recent years, many cities, such as Shanghai and
Shenzhen, have advocated for the inclusion of depression
and psychosis in universal health coverage (UHC), aiming
to increase affordability for patients. Drug therapy and psy-
chological interventions represent key defenses for preventing
suicide and have been studied extensively (Hasin et al., 2005;
Weinberger et al., 2018). Although substantial progress has
been made in the pharmacology and psychotherapy fields of
depression, most patients do not receive the correct treatment
in a timely manner due to many factors, such as stigma (Riolo
et al., 2005; Whiteford et al., 2013). With considerable atten-
tion given to mental illnesses, especially major depression,
research on depression has been increasingly performed. An
increasing number of studies suggest that depression preva-
lence has increased progressively over time and that individ-
ual attributes vary significantly among patients with depres-
sion (Hidaka, 2012). In terms of gender, depression affects
more women than men (Kuehner, 2017); patients with multi-
ple chronic diseases have a higher prevalence of depression
(Altun & Yazici, 2015), and the prevalence of depression in
middle-aged individuals was increased compared with that in
younger people (Pratt & Brody, 2014). Regarding influencing
factors, harmonious family relationships, social support and
the amount of financial assets owned by the elderly are in-
versely associated with the prevalence of depression (Horita &
Otsuka, 2014; Jin, 2019; Koizumi, 2005; Ma et al., 2020).

Scholars generally believe that several factors are related to
depression, mainly including age, gender, genetic factors, per-
sonal factors, and family and social factors (Bongiorno, 2012;
Altun & Yazici, 2015; Pratt & Brody, 2014; Wang, 2020; Su,
2019; Ji et al., 2020). Additionally, some interesting phenom-
ena are also present from the perspective of spatial patterns.
As scholars have noted, greening urban space can improve the
mental health of surrounding residents and alleviate negative
emotions, such as depression (Zhu et al., 2019). In addition,
coffee has a preventive effect against depression (Guo et al.,
2014; Kim & Kim, 2018; Kimura et al., 2020).

Caffeine intake was negatively correlated with depression
and depressive symptoms and may prevent depressive symp-
toms, which has been verified in studies conducted by re-
searchers in the United States (Guo et al., 2014), South
Korea (Kim & Kim, 2018) and Japan (Kimura et al., 2020).
Coffee is a major contributor to dietary caffeine among adults.
Appropriate physical activity not only obviously alleviates
symptoms of depression and ameliorates anxiety but also im-
proves quality of life (Kvam et al., 2016). Additionally, access
to green spaces and proximity to parks are linked to positive
health outcomes for urban residents, including reduced risk of
cardiovascular disease and diabetes and less stress (Orstad
et al., 2020). Urban parks offer opportunities for improving

physical health and contact with nature, which can reduce
loneliness and improve psychological well-being (Kowitt
et al., 2020).

Notably, most of the previous studies regarding factors
associated with depression presented qualitative analysis re-
sults of internal environmental factors, such as individual at-
tributes and family relationships, whereas relatively little at-
tention has been given to the external environmental factors
around residential areas.

For instance, urban green space and infrastructure con-
struction can impact surrounding residents’ psychological
health. Therefore, this paper attempts to present a quantitative
analysis of the external environmental factors in patients with
depression. Additionally, the spatial epidemiology approach
of integrating geographical information system (GIS) analysis
and data miningmethods contrasts with traditional methods of
pathology and clinical research, which links incidence data,
geographical data and spatial information to discover the spa-
tial characteristics affecting the occurrence of diseases in a
more intuitive and simplified manner.

The remainder of the study is arranged as follows.
Section 2 describes materials and methods. Section 3 presents
the attribute characteristics of patients with depression.
Section 4 investigated the relationship between the surround-
ing environmental factors and the distribution density of de-
pression patients. The discussion is given in Section 5.
Finally, the conclusions and recommendations are given in
Section 6.

Materials and Methods

Data Sources

As a typical city in China, Shanghai represents the direction of
economic and healthy development in China. Shanghai had
approximately 24.87 million resident population (China sev-
enth national census, 2020) and included 16 districts of which
7 districts in the downtown and 9 in the suburbs (Fig. 1).
Besides, the Shanghai Municipal Health Commission
Annual Data Report indicated that shanghai had 387 hospi-
tals, 105 beds and 53 doctors per 10, 000 population in 2019.

This study was approved by the Shanghai Medical
Insurance Association and a Class 3A hospital in Shanghai
and complied with all relevant ethical regulations. Patient data
were obtained retrospectively from the hospital registry data.
The psychiatric discipline of this hospital is a characteristic
discipline in Shanghai. The hospital is one of only two training
bases for psychiatric specialists in Shanghai and professional
departments with national qualifications for clinical trials of
psychotropic drugs. Thus, as the research objects in this study,
patients with depression in this hospital can represent the over-
all situation of patients with depression in Shanghai to some
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extent. Hospital inpatients with depression data, including
age, sex, street address, length of stay, and hospitalization
expenses, from 2013 to 2019 were acquired from the hospital
information system. Point of interest (POI) data mainly reflect
the macroscopic distribution of geographic datasets. Spatial
location data of urban parks and coffee shops were obtained
from the points of interest (POIs) of Baidu Maps in 2019.
Figure 1 shows the study area and hospital X which is located
in the Putuo district of Shanghai.

Methods

The present paper aims to quantitatively investigate the rela-
tionship between geospatial factors and depression. To ac-
complish this goal, a combination of mathematical statistics,
kernel density estimation, Euclidean distance and linear re-
gression were applied.

(1) Kernel density estimation (KDE) is widely used in spa-
tial clustering analysis of point data, which reflects the
relative concentration degree of the spatial point distri-
bution. We used KDE to analyze the spatial distribution
of hospitalized patients with depression (Wang,
2020;Okabe et al., 2009). The points falling into the
search area have different weights. Points near the center
of the search area are given higher weights. As the dis-
tance increases, the weight value will decrease (Shi et al.,

2021). The kernel density function f(x) at spatial position
x can be calculated as follows:

f xð Þ ¼ 1

r2
∑
n

i¼1
k

x−x
r

� �
ð1Þ

In Formula (1), r is the distance attenuation threshold; n is
the number of points that are less than or equal to r from
position x; and the k function represents the spatial weight
function.

(2) The Euclidean distance (ED) calculates the distance be-
tween each pixel and the nearest source and is a com-
monly used definition of distance. ED is the true distance
between two points in m-dimensional space. The calcu-
lation is presented in the following equation:

D ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x1−x2ð Þ2 þ y1−y2ð Þ2

q
ð2Þ

where x1 and y1 are the coordinate values of the pixels to be
measured; x2 and y2 are the coordinate values corresponding
to the target pixel; and D is the shortest straight-line distance
between the selected pixel and the nearest pixel.

Fig. 1 Study area and sample X hospital
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(3) Univariate linear regression analysis was selected to de-
termine the coefficients of relationships between the den-
sity of depressed patients and ED from city parks and
coffee shops to identify the influence of urban spatial
facilities on the incidence of depression. The model
was established as follows:

b ¼
∑
n

i¼1
xiyi−nx y

∑
n

i¼1
x2i −nx−2

ð3Þ

a ¼ y−bx ð4Þ
where a and b are the parameters to be solved; yi is the kernel
density value of depression; and xi is the ED between the city
park and the coffee shop.

Attribute Characteristics of Hospitalized
Patients with Depression

In this paper, a total of 1735 inpatient records were selected
from 2013 to 2019. Each appearance of an inpatient consti-
tutes one visit record in the raw data. Each record contains
inpatients name, age, gender, education background, address,
hospitalization frequency and hospitalization expenses.
Therefore, the records should be properly preprocessed and
excluded according to various attribute characteristics. For
example, male patient Tom who has multiple hospitalizations
in one year, it can only be counted as one male record in
gender statistics. Following the plenary discussion, to avoid
double-counting, we designed the excluded rules as follows:
for patients with multiple hospital admissions, we counted
only one sex, one age, one education background and one
duplication by excluding the previous records and retaining
only the latest record of each patient in a year. With respect to
the hospitalization frequency and expenses, we opted to make
no adjustments on original recordings.

Gender Characteristics

A total of 1440 records were kept in the gender statistics. In
general, the number of patients with depression has experi-
enced periods of growth during 2013–2019 in a Class 3A
hospital in Shanghai (Fig. 2) with approximately 77.7%
growth over the past 7 years. In fact, the number of female
patients with depression grew 78.4% from 111 to 198 persons.
The number of male patients with depression grew 86% from
43 to 80 persons, whereas the number of female patients was

approximately 2.5 times that of men in Shanghai. According
to the demographic data in Shanghai Statistical Yearbook
2019, the male to female sex ratio is 1:1.02 in Shanghai, dem-
onstrating that women in Shanghai are more likely to suffer
from depression.

Age Distribution

The age of depression patients is classified into 6 classes, i.e.,
young people under 30 years old, young-middle aged 30–
44 years, middle-aged between 45 and 59, young-elderly be-
tween 60 and 69, middle-elderly between 70 and 79 and el-
derly people over 80 years old. In both males and females,
depression occurs more frequently in young-middle and
young-elderly patients in the age range of 45–69 years
(Fig. 3), and a low proportion of depression is noted among
in young and elderly people.

Education Background Distribution

The available data sets can be broadly divided into three cat-
egories: ‘junior college degree and above’ (27.18%), ‘primary
education and below’ (12.46%) and ‘secondary and technical
secondary education’ (60.36%). Among patients with a junior
college degree and above, patients with undergraduate educa-
tion had the highest probability (approximately 15%) of hav-
ing depression, patients with master’s education had the sec-
ond highest probability (1.07%), and patients with doctoral
education had the lowest probability (0.13%). Among patients
with junior college degrees and below, patients with second-
ary education represent the greatest proportion (approximately
55%) of subjects with depression. Overall, research has shown
a higher probability of depression in individuals with lower
levels of education (Fig. 4).

Statistics of Hospitalization Frequency

Statistical analysis of the medical records of 1735 patients
with depression revealed that 952 patients with depression
were admitted for the first time, accounting for 54.87% of
the total inpatients with depression. Depression patients who
were hospitalized 2–10 times accounted for 37.52% of the
total depression patients, and 7.61% of patients with depres-
sion were hospitalized more than 10 times (Fig. 5).

Composition of Average Hospitalization Expenses

After the medical records acquisition step, the medical ex-
penses of patients with depression comprise seven diverse,
including the treatment category, diagnosis category, compre-
hensive medical service category, consumable category, tra-
ditional Chinese medicine category, nursing category and
Western medicine category. Regarding hospitalization
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expenses for depression, the treatment and diagnosis expenses
are the two highest costs among all items in each year, where-
as the proportion of pharmaceutical expenses gradually de-
creases, indicating that timely and scientific consultation and
treatment and a direct treatment path for depression are impor-
tant measures to reduce the cost of treatment for depression. In
addition, a significant reduction in drug costs occurred in 2016
that was related to the efforts of relevant departments to con-
trol drug costs. In 2017, medicine markups were cancelled in
the comprehensive reform of public hospitals, which pro-
duced obvious effects on drug costs. In addition, the propor-
tion of nursing expenses is at a low level, but a gradual in-
creasing trend is noted. Based on public attention to depres-
sion in recent years, clinical nursing has become increasingly
important. In summary, nursing care should be provided to
depressed patients to provide psychological relief, drug advice
and safety. In addition, the cost of consumables is less than 1%
because depression is a psychological disease and does not
require surgical treatment (Fig. 6).

Patterns of Spatial Association of Patients
with Depression and Surrounding
Environmental Factors

Urban parks represent green spaces, and these studies focus on
the spatial relationship between the natural environment and
patients with depression. Coffee shops represent social spaces,

and these studies focus on the spatial relationship between the
human environment and patients with depression.

Spatial analysis requires accurate patient addresses. Thus,
sample points with multiple visits and unclear addresses were
excluded, and a total of 900 valid sample data points were
finally obtained. The analysis results show as the distance
from the hospital increased, the area contained in the spatial
range increases exponentially. However, the number of sam-
ples corresponding to patients gradually decreases as the area
increases (Table 1, Fig. 7). Considering that the principle of
nearby treatment of patients in hospitals has a significant in-
fluence on the spatial distribution of cases, an appropriate
range was selected as the study area based on factors, such
as sample points and hospital service coverage area. As a
result, the study area was obtained by setting 10 km as the
buffer radius centered on X Hospital. In total, 681 sample
points were noted in the study area, accounting for 75.67%
of the total area of Shanghai (Table 1).

Spatial Distribution Relationship between Urban
Parks and Depressed Patients

The spatial distribution density of depression patients was
obtained by kernel density analysis. The greater the density,
the greater the number of patients diagnosed at this point in
spatial distribution. The results showed that the spatial distri-
bution of depression inpatients in Shanghai presented a block-

Fig. 2 The number and proportion of hospitalized patients with depression in X Hospital from 2013 to 2019
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like clustering pattern with “one main and many secondary”
(Fig. 8).

First, we used resampling to obtain the distance value and
kernel density value at the location of the sampling point by
ArcGIS. The sampling density was 200 m *200 m. The sam-
pled density value served as the Y-axis, and the distance value
served as the X-axis to generate a scatter plot. When the dis-
tance from the park is greater than 2000 m, the data are highly
discrete. Thus, data within 2000 m were selected for analysis.
The linear regression results between the distance to park and
density of depressed patients are presented in Fig. 9.

Remarkably, a positive correlation between the density of
depressed patients and park distance within 2 km was
established with a goodness of fit (GOF) parameter of 0.63,
equation y = 0.0003x + 1.9735 and correlation coefficient of
0.7928. In Fig. 9, we can observe that the density of patients
increased with increasing distance from the park within 10 km
of the hospital buffer zone and 2 km from the park. Thus, the
farther the distance from the park, the higher the distribution
density of patients with depression, indicating that urban parks
have a soothing effect on patients with depression. This find-
ing is consistent with the research results of Kvam et al., who

Fig. 3 The proportion of hospitalized patients with depression based on different age groups and gender in X Hospital from 2013 to 2019
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found that “greening urban open space can improve the men-
tal health of surrounding residents and alleviate negative emo-
tions, such as depression” (Kvam et al., 2016).

Spatial Distribution Relationship between Coffee
Shops and Depressed Patients

Using the same approach, when the distance from the coffee
shop is greater than 1500m, the data are highly discrete. Thus,
we select the data within 1500 m for coffee shop analysis. The
linear regression results between the distance to coffee shops
and the density of depressed patients are shown in Fig. 10.

The results reveal a well-established positive association
between depressed patients and the distance from coffee shops
within 1500 m with a GOF parameter of 0.79, equation y =

0.0012x + 1.6491 and correlation coefficient of 0.89.
Moreover, as the distance from coffee shops increases, the
density of patients with depression becomes increasingly
high. Overall, these results further indicate that coffee shops
may be an important factor mitigating depression to a limited
extent.

Discussion

The goal of current study was to examine characteristics of
hospitalized patients with depression and their relationship
with the surrounding environment. With respect to gender, it
is worth noting that more women than men report depression
in the present study, which is in accordance with many

Fig. 4 Educational distribution of
hospitalized patients with
depression in X Hospital

Fig. 5 Statistics on the admission
frequency of depression patients
in X Hospital
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previous studies (Hasin et al., 2005; Pratt & Brody, 2014;
Williams et al., 2007). We found that both women and men
demonstrate increasing depression prevalences over time with
no differences in the rate of increase by gender. Weinberger
et al. (2018) found that the female: male was 2:1 in USA,
which may vary with our conclusion 2.5:1. This is because
our data are only hospitalization patients and do not include
outpatient records. There are also noticeable differences in
terms of age and education distribution. Like our research on
age distribution, Pratt and Brody (2014) found that younger
and older adults report lower prevalences of depression than
middle age groups. However, Weinberger et al. (2018) came
to a different conclusion on education distribution. They con-
cluded that the rates of increase in depression did not signifi-
cantly differ by income or education among those in the
highest education groups (some college or college degree
and above). Our findings suggest that nearly half (45%) of
depression patients have revisited the hospital in Shanghai.

Another research was also done in Beijing (Han et al.,
2021). They concluded that hospitalization days per year de-
creased for patients in the short stay and repeated long stay
clusters, which is different from this study. It is necessary to
take in account local contexts to interpret the data and evi-
dence. From the expenses perspective, National US spent
$22.8 billion on treatment for depression (Wu et al., 2016).
Although the total cost is important for depression, few studies
have described the composition of expenses. In this study, the
cost composition is analyzed in detail, which discovered that
treatment and diagnosis category are the most expensive
items.

The positive relationship between urban park distance and
density of depression also confirms the importance of the
urban public space. The results indicate that within a certain
distance, closer to the park, the lower the risk of depression
appear. Again, Lin et al. (2017) found that distance to and the
accessibility of parks was a key condition for park use among

Fig. 6 The cost structure and its changes in patients with depression discharged from X Hospital from 2013 to 2019

Table 1 Sample points are graded by distance

Radius (km) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Area 1 4 9 16 25 36 49 64 81 100 121 144 169 196 225

sample points 75 170 236 311 412 485 548 607 657 681 708 732 761 773 789

Radius (km) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Area 256 289 324 361 400 441 484 529 576 625 676 729 784 841 900

sample points 805 814 819 823 829 837 840 844 848 852 856 860 865 866 868
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individuals and pocket parks play important roles in shaping
the city. On one hand, people who live close to a park are
more likely to exercise than those who do not. On the other
hand, closer to parks represents more vegetation that could
improve air quality (Du et al., 2021). Interestingly, the
prevalence of depression in frequent coffee drinkers was
32% lower than in coffee non-drinkers (Kim & Kim,

2018). Similarly, significantly positive correlation between
density of depression and the distance from coffee shops
indicates that the low depression density still benefit from
coffee shops.

Ultimately, the results of the present study should be
interpreted with some caution because of limitations. Spatial
accessibility to healthcare facilities is an equitability index

Fig. 7 Schematic diagram of sample points graded by distance

Fig. 8 Kernel density distribution in patients with depression
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measuring the evenness of public service facilities and has
drawn much attention in recent years. For example, Yang
et al. (2020) found significant inequality of spatial accessibil-
ity to healthcare facilities in Shanghai, with Huangpu, south-
ern Jing ‘an and northern of Xuhui district showed higher
traffic accessibility. However, this study did not consider
transportation modes of residents and just chose surrounding
infrastructures within a fixed radius buffer. Furthermore, we
only focused on urban parks and coffee shops, the two public
service facilities. Over the following research, we will plan
incorporate road network, and more surrounding facilities
such as bars into our dataset so we can adapt our explanation
model to be more comprehensive and accurate. Despite these
limitations, this study’s findings provided important implica-
tions for health professionals and policy makers.

Conclusions and Recommendations

Studies that considered the spatial effect of the surrounding
environment on patients with depression in cities are lacking.
In this paper, the medical records of hospitalized patients with
depression were used for spatiotemporal analysis. The results
showed that the incidence of depression had obvious gender
and age characteristics, and the hospital costs also varied and
fluctuated by category. In terms of gender, females had an
approximately 2.5-fold greater risk of suffering depression in
Shanghai compared to males. Men and women aged 45–
69 years who are classified as middle-aged and young-old
individuals were overrepresented in this data set compared
to young people under 30 and oldest old people over 80 from
2013 to 2019. In addition, our study demonstrated that urban

Fig. 9 Linear regression results
between the density of depressed
patients and the distance from
urban parks

Fig. 10 Linear regression results
between the density of depressed
patients and the distance from
coffee shops
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parks (a type of open space) and coffee shops (a type of social
and cultural space) are spatially correlated with the density of
patients with depression. Specifically, within the 2-km range,
the density of depressed patients decreases, whereas the dis-
tance from the park increases. The farther the distance from
the coffee shops, the higher the distribution density of de-
pressed patients at 1.5 km.

Therefore, there are three urgent tasks for the prevention
and treatment of depression apart from strengthening public
mental health education and encouraging patients with depres-
sion to actively seek medical treatment. Several key recom-
mendations emerged.

First, additional work will be needed to further improve the
“people-oriented” medical insurance policy. For example, the
reimbursement rate of medical expenses for female patients
with depression should be increased as appropriate. As afore-
mentioned, With regard to gender, more women report de-
pression than men. In addition, the reimbursement rate of
medical expenses should be appropriately increased for pa-
tients with long-term severe depression and patients with mul-
tiple chronic diseases (Rubio et al., 2011).

Second, the urban government and department of land space
planning and administration should further expand the urban
public space and provide a well-established urban leisure and
entertainment infrastructure. In densely populated urban resi-
dential areas, the current planning goal is that residents can see a
large park 500 m away. However, we believe that by 2025,
residents should see small and medium parks within 350 m
and small parks or “pocket parks” within 250 m by 2030.

Third, it should be noted that coffee shops should be intro-
duced to large-scale urban residential areas. The existing coffee
shops are mainly located in business districts, and the primary
target populations are the middle- and high-income groups with
higher education, especially young adults who seek fashionable
trends (Shi & Yang, 2018). However, patients with depression
weremore likely to bemiddle-aged and young-old people in the
age range of 45–69 years old who had poorer access to coffee
services. Consequently, the introduction of coffee shops into
large residential communities is conducive to moderately pro-
moting coffee consumption in middle-aged and elderly people.
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