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Background: As numerous patients with depression have to be hospitalized
because of various reasons, the demand far exceeds the limited bed count in
the psychiatry department. Controlling the length of stay (LOS) of the patient is
gradually being considered an effective method to alleviate this problem. Given
the lack of statistical evidence of the LOS of patients with major depressive
disorder (MDD) in China and the strain on the limited psychiatric resources,
the purpose of our study was to investigate the LOS of patients with MDD
among in-patient samples and to analyze related factors of the LOS in China
by building a regression model.

Method: The data were exported from the electronic medical record system.
A total of three categories of independent variables were enrolled in our
study, namely, demographic, clinical, and biochemical. Univariate analysis and
binominal regression analysis were applied comprehensively to find the factors
related to the LOS among MDD samples. The discrimination accuracy of the
model was evaluated by the receiver operating characteristic (ROC) analysis.
ROC analysis indicated that the discrimination accuracy of our model was
acceptable (AUC = 0.790, 95% Cl = 0.714-0.865, P < 0.001).

Result: A total of 254 patients were finally brought into analysis after filtering.
Regression analysis indicated that abnormal LDL was the only risk factor of long
LOS (OR = 3.352, 95% Cl = 1.087-10.337, P = 0.035) among all the kinds of
variables. Notably, in the statistically irrelevant factors of the LOS, the category
of anti-depressant drugs [serotonin—norepinephrine reuptake inhibitor (SNRI)
or selective serotonin reuptake inhibitor (SSRI)] prescribed to patients with
MDD was not associated statistically with the LOS, which was against our initial
hypothesis that the LOS of patients with MDD treated with SNRI would vary
from that of the patients treated with SSRI.

Conclusion: Up to our knowledge, our research is the first study to show
the potential factors related to the LOS from various domains, especially
biochemical indexes, and the effect of drugs, among clinical patients with
MDD in China. Our results could provide a theoretical reference for efficient
psychiatry hospitalization management and prioritization of allocating medical
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resources. Future studies are required for updating independent variables
which are potentially related to the LOS and verifying existing results in a

larger sample.

depression, the length of stay, inpatient management, public mental health,
retrospective study, major depressive disorder

Introduction

Depression is a prevalent, prolonged, and easily relapsing
psychiatric disorder not only around the world but also in China.
According to a study on the Global Burden of Disease (GBD)
demonstrated that a total of 970 million people worldwide
suffer from mental illness, including 260 million people suffering
from depression (1). A recent epidemiology survey among
the Chinese national-representative sample indicated that the
lifetime prevalence of depressive disorders was 6.8%, while the
12-month prevalence was 3.6% (2). Furthermore, depression has
always been one of the main causes of non-fatal health loss.
Depression ranked 19th among the illnesses in the world with
leading disability-adjusted life years (DALYs) in 1990 and 13th
in 2019 (3), indicating that the burden of depression was severe
and ever-increasing. Concerned about the huge population
and the weak but unbalanced development of psychiatry in
China, it is essential for Chinese hospitals to rationally allocate
medical resources to optimize efficiency with limited labor and
material resources.

Several patients with depression had to be hospitalized
rather than receiving outpatient treatment to achieve a better
treatment effect for the following, but not limited to, reasons:
(1) Non-attendance of outpatients: psychiatric patients were
much more likely than other medical specialties to miss
their appointment, resulting to a higher risk of relapse
and readmission (4). (2) Non-adherence to medication: the
prevalence of non-adherence among depression patients ranged
from 40 to 66.9% (5-7). The non-adherence rate of anti-
depressant drugs was 45.9% (3). Risk of suicide: depression was
a widely recognized risk factor for suicide (8), as evidenced by
the incidence of suicidal ideation among patients with major
depressive disorder was about 56-88% (9), and MDD was
a significant risk factor of suicidality in China (10). Given
China’s massive population, coupled with the high prevalence of
depression (11), and the relative scarcity of psychiatric workers
as compared with other developed countries (12), the Chinese
psychiatry medical system was under severe strain. Controlling
the length of stay (LOS) of the patient was gradually recognized
as an effective approach to address this issue (13). Some previous
studies revealed the average LOS of depression patients from
various countries, 37.2 days for the Swiss (14), 24.5 days for
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the Ethiopians (15), 17.4-18.6 days for the Austrians (16), 8.8
days for the South Koreans (17), which varied because of the
differences of population, culture, economic development, and
other factors. In addition, potential LOS factors could broadly
be classified into the following: (1) Demographic variables:
age, gender, and marital status (18, 19); (2) Behavior variables:
suicide idea or attempt/compulsory hospitalization (20-22);
and (3) Clinical variables: frequency of previous admissions,
comorbidity with substance use (23, 24). Up to our knowledge,
only a couple of similar studies have been conducted in China.

In total, two aspects of the LOS of patients with MDD
in China are worth mentioning. At first, Chinese patients are
profoundly influenced by the eastern culture, which is far more
restrictive than the western culture. A previous community-
based survey in China has revealed that stigmatizing beliefs
about depression were widespread in the general public (25).
The stigma of depression hampered not only the willingness
to seek treatment, but also hospitalization compliance, which
affected the LOS. As a result, the LOS and its correlates in
China may differ significantly from those of other western
countries. Second, with the promulgation of China’s new Mental
Health Law in 2013 (26), the process of diagnosing, curing,
hospitalization, and etc., for mental disorders, including MDD,
has been systemized and legalized. The voluntary admission
principle was particularly emphasized even for patients with
MDD with any potential severe risk (i.e., suicide idea), both
admission and discharge should still be supervised by the
certificated medical department. Compulsory admission was
strictly constrained to avoid possible abuse, except for patients
recognized by the Chinese Healthcare Commission applying
a certified forensic psychiatry assessment, with high risk or
behavior of hurting themselves or others (26). Therefore, the
LOS of patients with MDD now in China under the context of
a series of the new legislation was certainly different from the
previous timing when related law was missing.

Moreover, some limitations existed in previous research
about LOS. First, few previous studies enrolled patients with a
single diagnosis of the depressive disorders instead of patients
with various kinds of mental disorders, which might affect
the final results of the LOS. Second, biochemical indexes and
pharmacological intervention were rarely collected in most
previous studies, given their association with the development
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and prognosis of depression, and then affect the LOS. For
biochemical indexes, thyroid-stimulating hormone (TSH), high-
density lipoprotein (HDL), and low-density lipoprotein (LDL)
were chosen as target biochemical variables to investigate in
our research. TSH abnormalities, which affect 3.0-8.5% of the
general population and up to 20% of the elderly (27, 28),
were linked to depression by regulating the hypothalamic-
pituitary—thyroid (HPT) axis (29), as many studies of different
samples demonstrated (30, 31). Moreover, TSH abnormalities
have been linked to a decreased response to anti-depressants (32,
33), potentially extending the LOS of patients with depressive
disorders. A previous study found that hospitalized psychiatric
patients with elevated TSH had longer LOS than counterparts
with a normal level of TSH (34). Therefore, we also considered
that TSH abnormalities were associated with longer LOS in
patients with MDD.

In terms of lipoproteins, previous studies suggested that
depression pathogenesis may involve HDL and LDL depletion-
mediated alterations in central nerve terminal structure and
function and then affect the response to serotonin (35,
36), the effect target of mainstream anti-depressants (37).
In addition, many studies have linked lipoproteins to an
increased risk of suicidal ideations (38, 39), a serious event
associated with longer LOS in psychiatric in-patients (21,
40). Thus, the authors speculated that abnormalities in
HDL and LDL could lead to a longer LOS in patients
with MDD.

In terms of pharmacological intervention, we compared
the effects on LOS of two widely applied anti-depressants,
serotonin-norepinephrine reuptake inhibitor (SNRI) and
selective serotonin reuptake inhibitor (SSRI). These two anti-
depressants differed primarily in terms of target symptoms
and treatment response. To begin, given that depression
is an affective disorder with multiple neurotransmitters
hypofunctions [serotonin (5-HT), norepinephrine, dopamine]
(41, 42), specific symptoms of depression could be associated
with specific neurotransmitters (43, 44). Serotonin may be
linked to anxiety, obsessions, and compulsions; whereas
norepinephrine might be relevant to alertness and energy,
anxiety, attention, and interest in life. So, SNRI could
simultaneously inhibit the reuptake of both serotonin and
norepinephrine, treating a wider range of symptoms compared
with SSRI, which selectively inhibited the reuptake of serotonin.
Second, several studies suggested that the onset time of SSRI
was longer than that of SNRI (45, 46), which was associated
with presynaptic and postsynaptic adaptive mechanisms
secondary to reuptake inhibition of SSRI (47). The increase of
5-HT induced by the SSRI is offset by the negative feedback
of 5-HT auto-receptors, which reduces the release of 5-HT.
Only after inactivating 5-HT auto-receptors after continuous
SSRI treatment could the concentration of 5-HT in the
synaptic cleft increase continuously, allowing it to exert its
anti-depressant effect (48). Besides, previous systematic reviews
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found that SNRI had a higher remission and response rate for
depression patients compared with SSRI (49, 50). Hence, based
on the evidence presented earlier, the authors hypothesized
that the LOS of patients with MDD treated with SNRI and
SSRI differed.

Given the scarcity of statistical evidence of the LOS
of patients with MDD in China, and also the strain on
the limited psychiatric resources, the goal of our study
was to investigate the LOS of patients with MDD among
in-patient samples and to analyze related LOS factors in
China by developing a regression model. We hypothesized
that the findings of this study could serve as a theoretical
foundation for future management optimization of the
psychiatry department and efficient allocation of mental
health services.

Materials and methods

Participants and study design

This retrospective research was conducted in the Second
Xiangya Hospital of Central South University, which is one
of the four mental health centers in China. Data of patients
with MDD were exported from the clinical electronic medical
record system. Inclusion criteria were as follows: (1) patients
were diagnosed with MDD according to the DSM-V criteria
(51); (2) patients were admitted voluntarily following China
Mental Health Law and relevant rules of the hospital. Exclusion
criteria were as follows: (1) patients with comorbidity of
any other mental disorder; (2) any category of patients’
data were missing. The period set for data collection was
between 2012 and 2020. Our study was proved by the ethnic
committee of the Second Xiangya Hospital of Central South
University (No.2019204).

A total of 3 categories of independent variables were
employed in our study, namely, demographic variables (gender,
age, job status, marital status, and ethnicity), clinical variables
(previous times of admission and category of anti-depressant
drugs), and biochemical variables (TSH, HDL, and LDL).
Because of the skew distribution observation in the original
data of LOS, the LOS was recorded as a binary variable. This
methodological approach has been applied by many studies
not only to avoid statistical bias but also a more clinically
significant interpretation of results (52). We set <28 days
as “Short LOS” and >28 days as “Long LOS.” This timing
point was selected because of the following reasons: (1) LOS
which was more than 28 days often has an adverse effect on
patients’ salaries because many companies consider 28 days
as the limit of temporary leave; (2) 28 days was a common
limitation of LOS applied by many Chinese hospitals, to meet
relevant rules the medical insurance department stipulated to
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TABLE 1 Descriptive statistics and univariate analysis of variables related to the LOS.

10.3389/fpubh.2022.892133

Variables N (%) Short LOS Long LOS X P

Demographic variables

Gender
Male 94 (37.0%) 88 (93.6%) 6 (6.4%) 2.013 0.156
Female 160 (63.0%) 141 (88.1%) 19 (11.9%)

Age
<18 122 (48.0%) 113 (92.6%) 9 (7.4%) 1.608 0.205
>18 132 (52.0%) 116 (87.9%) 16 (12.1%)

Job status
Unemployed 100 (39.4%) 87 (87.0%) 13 (13.0%) 1.853 0.173
Employed 154 (60.6%) 142 (92.2%) 12 (7.8%)

Marriage status
Single, separated, divorced, or widowed 188 (74.0%) 174 (92.6%) 14 (7.4%) 4.680 0.031
Married 66 (26.0%) 55 (83.3%) 11 (16.7%)

Nationality
Ethnic Han 249 (98.0%) 225 (90.4%) 24 (9.6%) 0.407*
Ethnic minority 5(2.0%) 4 (80.0%) 1 (20.0%)

Clinical variables

Frequency of the previous admission
0 227 (89.4%) 205 (90.3%) 22 (9.7%) 0.737*
>1 27 (10.6%) 24 (88.9%) 3(11.1%)

Category of anti-depressant drugs
SSRI 147 (57.9%) 138 (93.9%) 9 (6.1%) 5.442 0.020
SNRI 107 (42.1%) 91 (85.0%) 16 (15.0%)

Biochemical variables

Thyroid function

Thyroid Stimulating Hormone (TSH)
Abnormal 15 (5.9%) 14 (93.3%) 1(6.7%) 1.000*
Normal 239 (94.1%) 215 (90.0%) 24 (10.0%)

Lipoprotein Cholesterol

High-density lipoprotein cholesterol (HDL-C)
Abnormal 61 (24.0%) 53 (86.9%) 8(13.1%) 0.325
Normal 193 (76.0%) 176 (91.2%) 17 (8.8%)

Low-density Lipoprotein cholesterol (LDL-C)
Abnormal 34 (13.4%) 26 (76.5%) 8 (23.5%) 0.009*
Normal 220 (86.6%) 203 (92.3%) 17 (7.7%)

*Fisher exact test was conducted.

restrain the spending. Details of the variables are shown in

Table 1.

Measures

Demographic variables

Age group, gender (woman or man), job status (unemployed
or employed), marital status (unmarried situations and
married), and ethnicity (ethnic Han and ethnic minority). All
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the demographic information mentioned earlier was collected

at the beginning of hospitalization.

Clinical variables
Clinical data were recorded during the hospitalization of

patients with MDD, including frequency of previous admissions
(0 or >1) and category of anti-depressant drugs (SNRI or SSRI).
We filtered the raw data to just enroll patients who separately
used either SNRI or SSNRI into our sample.
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Biochemical variables

Biochemical variables, including TSH, HDL, and LDL, were
also measured based on the blood sample obtained at the
beginning of hospitalization. All the biochemical indexes were
set as dichotomous variables.

Statistical analysis

Univariate analyses, including Chi-square analysis and
Fisher’s exact, were conducted to initially analyze the difference
in LOS across demographic, clinical, and biochemical variables.
Next, a binomial logistic regression model was built, including
various variables as potential factors to further investigate
independent factors associated with the LOS among patients
with MDD. Factors with statistical significance of p < 0.05 were
considered. Receiver-operating characteristic (ROC) analyses
were conducted to evaluate the accuracy of judging the LOS
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of patients with MDD of this regression model. The data were
analyzed with SPSS, version 25.0 (IBM Corp., New York, USA).

Results

Descriptive statistics and univariate
analysis

A total of 620 patients’ raw information was exported from
the electronic medical system and 254 patients were finally
brought into analysis after filtering. In total, 229 patients were
enrolled for the short LOS group while 25 patients were enrolled
for the long LOS group. The mean LOS of the long LOS group
(34.08 & 7.11) was much more than that of the short LOS group
(15.52 & 5.55). Details seen in Figure 1.

The majority of the sample were of women (63.0%), adults
(>18 years old: 52.0%), employed (60.6%), single, separated,
divorced, or widowed (74.0%), and ethnic Han (98.0%).
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TABLE 2 Binominal logistic regression analysis of the LOS among patients with major depressive disorder.

Variables B Wald OR (95%CI) p
Demographic variables
Gender

Male (reference: Female) —0.860 2.475 0.423 (0.145-1.235) 0.116
Age

<18 (reference: >18) 0.402 0.366 1.495 (0.406-5.500) 0.545
Job status

Unemployed (reference: Employed) 0.236 0.230 1.267 (0.482-3.330) 0.632
Marriage status
Single, separated, divorced or widowed (reference: Married) —0.329 0.265 0.720 (0.206-2.517) 0.607
Nationality

Ethnic Han (reference: Ethnic minority) —1.311 1.015 0.270 (0.021-3.452) 0.314
Clinical variables
Frequency of the previous admission

0 (reference: >1) 0.407 0.327 1.502 (0.372-6.068) 0.568
Category of anti-depressant drugs

SSRI (reference: SNRI) —0.962 3.278 0.382 (0.135-1.083) 0.070
Biochemical variables
Thyroid function
Thyroid Stimulating Hormone (TSH)

Abnormal (reference: Normal) —0.833 0.581 0.435 (0.051-3.706) 0.446
Lipoprotein Cholesterol
High-density lipoprotein cholesterol (HDL-C)

Abnormal (reference: Normal) 0.939 3.347 2.557(0.935-6.989) 0.067
Low-density Lipoprotein cholesterol (LDL-C)

Abnormal (reference: Normal) 1.461 6.363 4.308 (1.385-13.401) 0.012

Univariate analysis demonstrated the difference of the LOS
across variables. The LOS was significantly different on the
variables, including marriage status (P = 0.031), category of anti-
depressant drugs (P = 0.020), and LDL (P = 0.009). Patients
with MDD who were married, using SNRI anti-depressant
drugs, and with abnormal LDL, were more likely to have long
LOS. Details are in Table 1.

Binominal regression analysis and ROC
analysis

After adjusting the mutual effect among variables, the
regression model suggested that only LDL was independently
associated with the LOS, patients with abnormal LDL were
more likely to have long LOS compared with patients with a
normal level of LDL (OR = 4.308, 95% CI = 1.385-13.401,
P = 0.012). No other variable was significantly related to the
LOS. Details are seen in Table 2. ROC analysis of the regression
model was conducted to evaluate the accuracy of regression
model prediction of the LOS. The area under the curve (AUC)
was 0.790 (95% CI = 0.714-0.865, P < 0.001), meaning good
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discrimination of the LOS of patients with MDD. Details are
shown in Figure 2.

Discussion

This retrospective observational study examined the factors
associated with LOS of patients with a specific mental
disorder, MDD, from various fields (demographic, clinical,
and biochemical). Several aspects of our results merit further
discussion, including both statistically significant and non-
statistically significant factors.

Low-density lipoprotein was independently associated with
the LOS of patients with MDD, for the statistically significant
variable. LDL was widely thought to be related to depression
from different academic perspectives. Basic medical studies
revealed that the cholesterol pathway might play as an important
role in the development of depression in animal models;
indicating that cerebral lipid metabolism was associated with
depression-like behavior in the mouse depression models (53).
The clinical intervention studies also indicated that a synergistic
treatment of atorvastatin (54) and low-dose omega-3 fatty
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FIGURE 2
The ROC analysis of the regression model.

acids (55), which controlled the level of LDL, could alleviate
depressive symptoms among patients with MDD. According to a
recent observational study, patients with depression had higher
levels of LDL, and the severity of depression was positively
related to LDL (56). Similarly, the course of depression was
demonstrated to be related to the level of LDL by other studies
(57, 58). In other words, abnormal LDL was a risk factor
for long-term persistent depression. Our study, which is a
real-world non-interventional study rather than a randomized
controlled trial (RCT), provided evidence of the relationship
between LDL and the LOS of patients with MDD in China that
was consistent with previous findings. Furthermore, from the
standpoint of in-patient management and alleviating medical
resource shortages, predicting the LOS of patients with MDD
based on their LDL level measured at the time of admission is
a practical strategy that could serve as an important reference
for subsequent in-patient beds distribution and adjustment
of treatment.

Our results indicated that the category of anti-depressant
drugs was not an independent factor with statistical significance
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related to the LOS among patients with MDD. Although a
previous study demonstrated that SNRI, a dual-action anti-
depressant drugs, might have a faster onset time than SSRI (59),
the SNRI group did not mean shorter LOS compared with the
SSRI group under the same discharge requirement criterion
from the same hospital in our study. This inconsistency might
be caused by the difference in depression severity of the sample
at the beginning of admission between the SSRI group and SNRI
group. Besides, various tolerance of the adverse effect brought
by the anti-depressant drugs might also affect the LOS, as there
was some diversity of the side effect (high-risk population,
affected system, manifestation, duration, etc.) between these two
kinds of anti-depressants (60). However, our results could still
suggest that a shorter LOS of patients using SNRI, brought by
its quickness and efficacy advantage, than that of patients using
SSRI seemed not to exist in an unrandomized clinical sample in
China. As the electronic medical system from which we collected
data lacked the quantitative evaluation of the original severity of
depression and adverse effects of anti-depressant, it is deemed
necessary for future studies to further analyze the influence of
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anti-depressants on LOS based on the exclusion of the effect of
the illness severity and adverse effect.

Marriage status was not a statistically independent factor
related to the LOS of patients with MDD in the current study.
Previous studies about the effect of marriage on the LOS were
also inconsistent. A Swiss study (14) and a United Kingdom-
based psychiatric in-patient study (61) suggested that marital
status was not associated with LOS. While more studies (19,
24, 62) demonstrated married patients were at lower risk of
long LOS than patients without this relationship, it might be
explained by the increasing social network and emotional and
financial support that came with marriage. Combined to our
prior work that marriage was an independent factor related
to the LOS among patients with schizophrenia and a 14-year
follow-up study conducted in China also demonstrated that
marriage had a positive influence on the long-term outcome of
patients with schizophrenia, we hypothesized that this positive
effect that comes with marriage were more obvious in patients
with the psychotic disorder than patients with affective disorder.
This discrepancy might be because marriage was a method to
achieve social inclusion for patients with schizophrenia, rather
than for patients with MDD (63, 64).

Limitations

Some limitations need to be mentioned as a reference
for further studies of the LOS among patients with MDD.
At first, as we have mentioned previously, some crucial
variables were not included in our study, such as quantifiable
psychological measurements of depression symptoms and
Although we have
identified this flaw in our research, the electronic medical

the evaluation of anti-depressants.

system did not cover this domain of information records.
Second, compulsory admission to the psychiatry department
was not involved in our research. As the different effects
between compulsory admission and voluntary admission
on the LOS of patients with MDD, more research is
warranted to find out the factors associated with the LOS
among compulsory admission samples. Third, the size of
our sample was relatively small, for the verification and
generalization of our results, a larger sample is necessary for
future studies.

Conclusion

To the best of our knowledge, our research is the
first study to bring forward the factors related to the LOS
from various domains, especially biochemical indexes and the
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effect of drugs, among patients with MDD in China. The
multivariate regression model suggested that the LDL was
the independent factor related to the LOS of patients with
MDD and the category of anti-depressant drugs was not
significantly associated with the LOS. As good discrimination
accuracy of our model proved by ROC analysis, our results
could provide theoretical reference for efficient psychiatry
hospitalization management and prioritization of allocating
medical resources.
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