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Both medical errors and suicidal behaviors are important problems for medical staff.

Although the association between them was implied in previous studies, their association

has not been built until now. In this study, the first aim was to build the association

between perceived medical errors and suicidal ideation, and we also want to explore

the mediating role of depression in the association between perceived medical errors

and suicidal ideation among Chinese medical staff. In this study, we interviewed 3,338

medical staff in Chinese general hospitals. Questions about suicidal ideation (SI) and

perceived medical errors were interviewed for medical staff. Depressive symptoms were

evaluated by the Chinese version of Center for Epidemiologic Studies Depression Scale

(CES-D). Social-demographic and occupation-related variables were also assessed in

the data collection. This study found that the prevalence of suicidal ideation among

medical staff was 9%. After the adjustment for controlling variables, suicidal ideation

was significantly associated with a higher level of depression (OR = 1.10, p < 0.001)

and perceived medical errors (OR= 2.41, p < 0.001). The other associated factors were

female (OR = 2.21, p < 0.001), religious belief (OR = 2.66, p < 0.001), and weekly

work hours (OR = 1.02 p < 0.001). The mediating effect of depressive symptoms on the

association between perceived medical errors and suicidal ideation was also supported

in this study, and it can explain the 38.73% of the total effects of the perceived medical

errors on suicidal ideation. Themedical staff, with perceivedmedical errors, were in higher

risk of suicidal ideation, and depressive symptoms can partially mediate the association

between perceived medical errors and suicidal ideation. For the medical staff who are

experiencing medical errors, some scanning on their suicidal ideation and depressive

symptoms are necessary to promote their mental health.
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INTRODUCTION

According to World Health Organization (WHO) global health
estimates, the global age-standardized suicide rate was about 9
per 100,000 population in 2019, accounting for 1.3% of all deaths,
which stated that suicide remained a leading cause of deaths
worldwide (1). In all the global suicide cases, there were about
22 percent, which was accounted from China (2, 3). In the other
sides, medical staff, as a special population with intense and
stressful working environment, were also in higher risk of suicidal
behaviors in China and other countries in the world (4, 5). In
China, medical staff are also characterized by longer working
hours, less social support, and more psychological strains (6,
7). Considering the less percentage of medical staff among
populations (8), we have enough reasons to believe that Chinese
medical staff may be in higher risk of psychological problems and
suicide. Consequently, suicidal behaviors among medical staff
were an important public health and societal problem in the
world, especially in China.

Medical errors refer to mistakes committed by medical staff,
which result in harm to the patients (9). According to the prior
studies, there were about 210,000 to 400,000 deaths associated
with medical errors worldwide each year (10), medical errors
can damage the quality of life of the patients (11), and previous
studies estimated that the cost of medical errors was about
billions of dollars (12). In China, the previous studies also
found that medical errors caused serious medical liabilities
and economic burdens (13). However, it was strange that the
burden and impact of medical errors on patients and society had
been reported in many former studies. There were only a few
studies that explored the impact of medical errors on medical
staff themselves in previous years (14). Actually, medical staff
who experiences medical errors may also be in a condition of
psychological and emotional pain, and they also need to be
helped (15).

In recent decades, there have been studies found that medical
staff who perceived medical errors would experience a high
level of self-blame, humiliation, guilt, negative self-perception,
depression, and so on (16, 17). There were studies that supported
that medical staff were in higher risk of negative emotional
and psychological problems compared with non-medical staff
(18, 19). Based on these two findings, we can assume that the
medical staff who perceived medical errors may be in a very high
risk of negative psychological problems in our society, which
should be paid more attention. Furthermore, considering the
identified association between negative psychological problems
and suicidal behaviors (6, 20), we can also easily assume that
the medical staff who perceived medical errors are also in
higher risk of suicidal behaviors. In conclusion, these findings
imply to us that the medical staff who perceived medical errors
were in a higher risk of negative psychological problems, which
further contribute to suicidal behaviors. In other words, negative
psychological problems may mediate the association between
perceived medical errors and suicidal behaviors.

Suicidal ideation (SI), one kind of suicidal behaviors, has been
found to be a widespread and intensive predictor for suicide
death, and most suicides occur within the year of the onset of

suicidal ideation (21). Therefore, suicidal ideation, as a robust
predictor of suicide, warrants attention (22, 23). For medical
staff, although their high suicidal ideation rates had been found
in prior studies (24), the association between perceived medical
errors and suicidal ideation has not been tested until now, and
the effect of depressive symptoms on this association was also not
explored in previous studies.

To bridge this gap, with the exception of the aforementioned,
the first aim for this study was to build the association between
perceived medical errors and suicidal ideation among Chinese
medical staff. Based on the previous findings, we also want to test
the mediating effect of depressive symptoms on the association
between perceived medical errors and suicidal ideation among
the Chinese medical staff. This study provides evidence for
improving mental health and reducing suicidal ideation among
medical staff, and for promoting medical staff to provide better
health care services.

METHODS

Study Design and Participants
In this study, we collected 3,338 valid questionnaires based
on a cross-sectional design among medical staff in Shandong
province, China, Shandong Province located in the east of China.
It ranked second in the population (25), and the number of
medical staff ranked first in China (26). In order to get the
description of medical staff in Shandong, the multi-stratified
random cluster sampling method was applied by the following
steps. First, we divided all the 16 cities in Shandong province into
three levels according to the Gross Domestic Product (GDP) per
capita in 2018 (27), and one city was randomly selected from each
level of GDP per capita (Zaozhuang, Dezhou, Qingdao). Second,
one municipal hospital was randomly selected from all the
municipal hospitals in each city. Third, three counties/districts
were randomly selected in each city. In each county/district,
one general hospital was randomly chosen. Therefore, a total
of 12 hospitals were selected in 3 cities, including 3 municipal
hospitals and 9 county-level hospitals. Fourth, three and two
inpatient areas from each department were randomly selected in
each municipal hospital and county-level hospital, respectively.
Medical staff working on the survey date were asked to fill the
questionnaires in the study. Finally, we collected 3,338 valid
questionnaires with a 95.70% valid response rate (3,338/3,488).
The flowchart of the sampling procedure is shown in Figure 1.

Data Collection
This study was conducted between December 2018 and January
2019. Data were collected by the filed self-filling method.
Well-trained investigators were responsible for distributing
questionnaires to each respondent, interpreting questions, and
checking returned questionnaires. Before the research began,
we had communicated the aim of this study with medical
staff and informed them that their participation would not be
paid. Medical staff who were reluctant to cooperate with the
interviewer were excluded in order to better obtain complete and
accurate data. The study protocol was approved by the ethics
committee of the school of public health, Shandong University,
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FIGURE 1 | A flowchart of the sampling procedure.

before the data collection (Ref. No. 20181219). Written informed
consent was collected from all the participants.

Measures
Suicidal Ideation
Suicidal ideation was measured by a single-item question, which
was “Have you ever seriously considered suicide?” The answer
could be chosen from yes (1) or no (0). Thus, the lifetime suicidal
ideation was collected in this study. This question was widely
used to evaluate the lifetime suicidal ideation worldwide, such as
the US National Comorbidity Survey (21), and so on (28, 29).

Perceived Medical Error
Perceived medical errors were evaluated by the question “Have
you made any medical errors in the past year?” The answer can
also be chosen from yes (1) or no (0). This assessment method
was based on prior similar studies (30–32), and the aim was to
identify the events that were internalized as a medical error.

Depressive Symptoms
Depressive symptoms were measured by the Chinese version
of Center for Epidemiologic Studies Depression (CES-D) scale,
which is a widely accepted depressive symptoms assessment scale
with good reliability and validity in the world (33, 34). The
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Chinese version of CES-D also proved a good reliability and
validity in previous studies (35). In this study, the Cronbach’s
alpha of CES-D was 0.852.

Sociodemographic Variables
Gender was coded as male (0) and female (1). Age was
calculated by subtracting the date of birth from the date of
the survey. Marital status can be chosen from not married,
married, divorced, widowed, and others. As there were most
participants who are married, we recoded it into single (0) and
married (1). Religious belief was evaluated by Buddhism, Taoism,
Christianism, Catholicism, and others. As there were fewmedical
staff with religious belief, we recoded it into yes (1) and no
(0). Education was recoded into “0 = junior college and below”
[including middle school and below, high school, technical
secondary school, and junior college], and “1= bachelor’s degree
and above” [including university, master, and doctor].

Occupation-Related Variables
Professions were estimated by clinicians, nurses, and medical
technicians. Formal workers were evaluated by yes, no, and
unclear, as only 1.1% of medical workers did not know whether
they were formal workers or not. Formal worker was recoded
as “0 = no” [including no and unclear], and “1 = yes.”
Departmental head was measured as “0 = no,” and “yes = 1.”
Hospital levels were measured by Level 3 and Level 2, which were
mainly evaluated based on the scale, and the technical level of
the hospitals by National Health Commission of China. It was
recoded as “0= Level 2,” and “1= Level 3.”Weekly working hours
were a continuous variable.

Statistical Analyses
All data were analyzed using IBM SPSS Statistics (web version
24.0). The t-tests were performed for continuous variables,
and Chi-Square tests were performed for categorical variables.
Binary logistic regressions were conducted to determine the
potential association between perceived medical errors and
suicidal ideation among medical staff. Then, SPSS macro
program PROCESS V3.5 was used to verify the mediating
effect of depressive symptoms on the association between
perceived medical errors and suicidal ideation (36). All P-
values were two-tailed and p-values < 0.05 were considered as
statistically significant.

RESULTS

The Characteristics of the Participants and
Univariate Analysis for the Associated
Factors of Suicidal Ideation
A total of 3,338 medical staff were included in this study, and
their characteristics are presented in Table 1. In the sample,
the females outnumbered the males, comprising 73.3% of the
participants. Mean age of the respondents was 35.06 years with
an SD of 8.38. The mean total scores of weekly work hours
and depressive symptoms were 47.62 ± 9.46 and 14.63 ±

10.37, respectively. The prevalence of suicidal ideation was 9%.
Regarding the medical errors, 2.8% of medical staff reported that

they perceived medical errors. A more detailed information is
demonstrated in Table 1.

Table 1 also presented the results of the univariate analysis
that tested the association between socio-demographic
variables, occupation-related variables, perceived medical
errors, depressive symptoms, and suicidal ideation. The results
showed that the factors significantly associated with suicidal
ideation were gender (χ²= 4.99, p= 0.026), marital status (χ²=
4.51, p = 0.034), religious belief (χ² = 22.45, p < 0.001), weekly
work hours (t = −3.605, p < 0.001), medical errors (χ² = 32.15,
p < 0.001), and depressive symptoms (t=−16.15, p < 0.001).

Binary Logistic Regression Analysis
Results of Suicidal Ideation Among
Medical Staff
Logistic regression was conducted to explore the association
between perceived medical errors and suicidal ideation. In
Model A, we could find that the perceived medical errors were
significantly associated with suicidal ideation (OR = 3.56, p <

0.001) after controlling the socio-demographic and occupation-
related variables. In Model B, we further controlled depressive
symptoms in the regression; the association between perceived
medical errors and suicidal ideation was also significant (OR =

2.41, p < 0.001) in the regression. The other related variables
were female (OR = 2.21, p < 0.001), religious belief (OR = 2.66,
p < 0.001), and weekly work hours (OR = 1.02, p < 0.001). The
detailed information is shown in Table 2.

The Mediating Effect of Depressive
Symptoms on the Association Between
Medical Errors and Suicidal Ideation
Finally, to test the hypothesized mediation of depressive
symptoms on the association between perceived medical errors
and suicidal ideation, we found that all the direct effects,
indirect effects, and total effects of perceived medical errors were
significant. Thus, we could conclude that depressive symptoms
played a partial mediating effect on the association between
perceived medical errors and suicidal ideation, and the mediating
effect of depression could explain the 38.73% of the total effect
of perceived medical errors on suicidal ideation. The detailed
information is shown in Table 3.

DISCUSSION

In this study, the results revealed that the prevalence of
suicidal ideation among medical staff was 9%. We also
sought to better understand the association between
perceived medical errors and suicidal ideation among
medical staff. As predicted, when we collectively examined
our data, we found that perceived medical errors were
significantly associated with suicidal ideation, and depressive
symptoms have significantly and partially mediated
the correlation between perceived medical errors and
suicidal ideation.

Previous studies found that medical staff were in higher
risk of suicide than general population (37), and the suicide
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TABLE 1 | Characteristics and univariate analysis of suicidal ideation among medical staff.

Characteristics X̄± S/n(%) Suicide ideation [n (%)] t/χ²

Yes No

Total 3,338 (100.0) 301 (9.0) 3,037 (91.0) -

Gender 4.99*

Male 891 (26.7) 64 (7.2) 827 (92.8)

Female 2,447 (73.3) 237 (9.7) 2,210 (90.3)

Age (years) 35.06 ± 8.38 34.27 ± 7.16 35.14 ± 8.50 1.97

Marital status 4.51

Single 604 (18.1) 68 (11.3) 536 (88.7)

Married 2,734 (81.9) 233 (8.5) 2,501 (91.5)

Religious belief 22.45***

No 3,234 (96.9) 278 (8.6) 2,956 (91.4)

Yes 104 (3.1) 23 (22.1) 81 (77.9)

Degree of education 1.93

Junior college and below 429 (12.9) 31 (7.2) 398 (92.8)

Bachelor degree and above 2909 (87.1) 270 (9.3) 2639 (90.7)

Profession 0.12

Clinician 1,225 (36.7) 108 (8.8) 1,117 (91.2)

Nurse 1,663 (49.8) 151 (9.1) 1,512 (90.9)

Medical technician 450 (13.5) 42 (9.3) 408 (90.7)

Formal worker 1.54

No 1,407 (42.2) 137 (9.7) 1,270 (90.3)

Yes 1,931 (57.8) 164 (8.5) 1,767 (91.5)

Departmental head 0.35

No 2,662 (79.7) 244 (9.2) 2,418 (90.8)

Yes 676 (20.3) 57 (8.4) 619 (91.6)

Hospital level 1.99

Level 3 1,448 (43.4) 119 (8.2) 1,329 (91.8)

Level 2 1,890 (56.6) 182 (9.6) 1,708 (90.4)

Weekly work hours 47.62 ± 9.46 49.74 ± 10.84 47.41 ± 9.29 −3.605***

Perceived medical errors 32.15***

No 3,244 (97.2) 277 (8.5) 2,967 (91.5)

Yes 94 (2.8) 24 (25.5) 70 (74.5)

Depressive symptoms 14.63 ± 10.37 24.86 ± 11.68 13.62 ± 9.66 −16.15***

*p <0.05; *** p <0.001.

rates among medical staff have been on the rise in the
recent years (38). When we compared our results with prior
studies, the prevalence of suicidal ideation in our study
was roughly similar with other studies that were conducted
among medical staff (39). Possible reasons may be that
medical staff are at an increased occupational-specific risk
about workplace violence, burnout, and medical errors, which
can heighten the suicidal ideation among medical staff (40,
41).

Our results demonstrated that perceived medical errors
were strongly correlated with suicidal ideation; medical staff
who perceived medical errors were more likely to experience
suicide ideation (41). As we know, suicidal ideation results
from an interplay of psychological and societal factors
(42). When medical staff were involved in medical errors,
most of them might experience mood problems, but the

medical organizational resources had insufficiently supported
the medical staff after medical errors (43), and they may
also experience discrimination in medical qualification and
professional advancement from patients and hospitals. Both
mood problems and discrimination were risk factors in
suicidal ideation, which had been identified in previous
studies (44).

This study also demonstrated that perceived medical errors
were significantly and positively associated with depressive
symptoms. Medical staff who perceived medical errors were
more likely to report a higher risk of depression. This
finding was consistent with previous study (45), which is
the perceived medical errors were associated with roughly
doubling in risk of depression. The possible explanation for
this finding was that, when medical staff perceived medical
errors, majority of them will attribute responsibilities for
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TABLE 2 | Logistic analysis for the factors associated with suicidal ideation

among medical staff.

Variables Model A

[OR (95% CI)]

Model B

[OR (95% CI)]

Gender (Ref. = Male)

Female 1.70 (1.22, 2.36)** 2.21 (1.55, 3.16)***

Age (years) 1.00 (0.98, 1.02) 1.00 (0.98, 1.02)

Marital status (Ref. = Others)

Married 0.78 (0.57, 1.08) 0.82 (0.58, 1.15)

Religious belief (Ref. = No)

Yes 3.07 (1.88, 5.02)*** 2.66 (1.55, 4.54)***

Degree of education (Ref. = Junior college and below)

College and above 1.38 (0.91, 2.07) 1.37 (0.89, 2.11)

Profession (Ref.= Clinician)

Nurse 0.96 (0.69, 1.35) 0.87 (0.60, 1.25)

Medical technician 1.25 (0.84, 1.88) 1.17 (0.76, 1.80)

Formal worker (Ref. = No)

Yes 0.91 (0.68, 1.24) 0.91 (0.66, 1.26)

Departmental head (Ref. = No)

Yes 0.96 (0.69, 1.34) 1.08 (0.76, 1.54)

Hospital level (Ref. = Level 3)

Level 2 1.10 (0.85, 1.41) 0.96 (0.74, 1.26)

Weekly work hours 1.03 (1.02, 1.04)*** 1.02 (1.01, 1.04)***

Perceived medical errors (Ref. = No)

Yes 3.56 (2.18, 5.81)*** 2.41 (1.43, 4.08)***

Depressive symptoms – 1.10 (1.08, 1.11)***

*p < 0.05; **p < 0.01; ***p < 0.001. OR, odd ratio; CI, confidence interval.

TABLE 3 | Mediation of perceived medical errors and suicidal ideation by

depressive symptoms.

Path Independent variable Dependent variable β SE p

a Perceived medical errors Depressive symptoms 6.12 1.08 <0.001

b Depressive symptoms Suicidal ideation 0.09 0.27 <0.05

c’ Perceived medical errors Suicidal ideation 0.88 0.01 <0.001

SE, standard error.

themselves (9). In addition to external punishment and blame,
a series of personal and emotional reactions such as self-
accusation, negative self-evaluation, shame, guilt, and so on
will lead medical staff to experience depressive symptoms (43,
46).

The main finding in this study was the significant mediating
effect of depressive symptoms on the association between
perceived medical errors and suicidal ideation, and perceived
medical errors had an indirect association with suicidal
ideation largely through the effect of depression. In other
words, the subsequent impact of perceived medical errors has
increased the depression of the medical staff, which would
result in suicidal ideation. Actually, the mechanism underlying
the correlations among medical errors, depressive symptoms,
and suicidal ideation had been discussed in the previous

paragraphs. Medical errors can be viewed as adverse and
negative events that occur in the delivery of health care
services (47, 48). Previous studies showed that depressive
symptoms play a mediated role in the association between
untoward events and suicide risk (49–51). Consequently, when
medical staff caused adverse events at work, the effect of
perceived medical errors on suicidal ideation may work, in part,
through depression.

In this study, we also found that female medical staff were
more likely to experience suicidal ideation than the male medical
staff, which was consistent with other studies among other
populations (52). Previous studies found that male suicide
rates were higher than females (53), but the prevalence of
suicidal ideation among females was higher than males (5).
Additionally, this study found that religious beliefs were risk
factors in suicidal ideation, contrary to some previous studies
(54); moreover, previous studies have also shown that religion
does not necessarily protect against suicidal ideation, but it
does protect against suicide attempts (55). Longer weekly
work hours have also proven to be positively associated with
suicidal ideation (6). The longer work hours, the higher risk
of suicidal ideation. The reasons may be that longer work
hours can lead to burnout and increased job stress, and lower
quality of life, which are the strong predictors of suicidal
ideation (56).

A considerable advantage of the current study was exploring
the association between perceived medical errors, depressive
symptoms, and suicidal ideation. As far as our information
goes, this study is the first study to examine the mediating role
of depressive symptoms in the association between perceived
medical errors and suicidal ideation. Another advantage is
that this study is based on the fact that previous studies
have focused less on suicide issues among Chinese medical
staff (24).

There are several limitations that should be considered.
First, the cross-sectional design of this study and the different
time frames for suicidal ideation and medical error limit
the ability to determine the causal relationship between
perceived medical errors, depressive symptoms, and suicidal
ideation. A longitudinal design with the incident time of
suicidal ideation and medical error will be helpful for us to
understand their relationships. Second, the major variables
in the current study were measured by self-report, which
might lead to a recall bias. Third, we verified only one
mediation variable in the current study; a more potential
mechanism between perceived medical errors and suicidal
ideation needs further exploration. Lastly, medical staff
were all from general hospitals; a great caution should be
exercised in generalizing the results in all kinds of hospitals
in China.

Our findings indicated that perceived medical errors were
both directly associated with suicidal ideation and indirectly
related to this result through depressive symptoms. These
findings have implication for the prevention of suicidal ideation
among medical staff. On one hand, given the close relationship
between depressive symptoms and suicidal ideation, preventive
efforts should aim those with depressive symptoms, including but
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not limited to medical staff with medical errors. On the other
hand, selectively targeting those with medical errors may be a
useful strategy for reducing depressive symptoms amongmedical
staff, which is a preventive method that is considerably upstream
from suicidal ideation.
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