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Abstract 

Background The COVID-19 pandemic, which had recorded 769 million cases and resulted in 6.95 million deaths 
by August 2023, has put pressure on healthcare systems. Frontline medical professionals face stress, potentially lead-
ing to health challenges. This research aimed to examine the mental health of staff during the COVID-19 pandemic.

Methods This cross-sectional descriptive-analytical study was conducted in several hospitals in Tehran, Kerman, 
and Golpayegan between 2021 and 2022. The study encompassed a population of 1,231 nurses and physicians. Data 
collection was done using the General Health Questionnaire-28 (GHQ-28). We applied the K-means clustering algo-
rithm to unveil hidden patterns within the data and extract valuable insights from participants’ responses to the GHQ-
28. This method was chosen because our dataset lacked explicit labels, making grouping individuals with similar 
characteristics necessary. The primary aim was to delineate how the COVID-19 pandemic affected the mental health 
of hospital staff and identify which factors played a more significant role in this process.

Results We have observed that Cluster two exhibits the highest scores in response to the GHQ-28 questions, indicat-
ing a more significant degree of mental distress. Within this cluster, 83.0% of individuals identify as female, 71.0% hold 
bachelor’s degrees and 42.8% are nurses who have experienced the most substantial impact. Among these individu-
als, 90.4% did not have a history of smoking. Additionally, 59.7% are married, suggesting that these mental health 
issues may also affect their families.

Conclusion Given that the most critical subscale is related to anxiety/insomnia within the second cluster, it is neces-
sary to implement management plans aimed at appropriately redistributing night shifts to improve employee health.
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Background
COVID-19 is a disease that has caused numerous 
deaths and cases since December 2019. The most recent 
global data, as of August 2023, indicate that this dis-
ease has affected approximately 769 million people and 
has resulted in over 6,955,000 fatalities worldwide [1]. 
According to Iran’s Ministry of Health and Medical Edu-
cation, there have been 7,613,000 confirmed cases of 
this disease in Iran, with the number of deaths surpass-
ing 146,000 as of August 2023 [2]. It’s important to note 
that the world’s population exceeds 8 billion, while Iran’s 
population is over 85 million [3, 4].

The COVID-19 pandemic has significantly impacted 
countries’ economic, political, cultural, and social aspects 
worldwide. This pandemic has led to an unprecedented 
demand for healthcare services worldwide, resulting in 
medical staff managing a heavier workload under stress-
ful conditions [5].

Medical staff are consistently exposed to stress and are 
at risk of experiencing mental health problems due to the 
nature of their profession. They must treat patients with 
infectious and life-threatening diseases or suspected con-
ditions, manage an overwhelming workload, deal with a 
shortage of personal protective equipment, face media 
scrutiny, and cope with a lack of social support [6–8]. In 
2021, Zakari et al. conducted a study to investigate men-
tal health outcomes in healthcare workers (HCWs) in 
Rafsanjan, Iran, using the General Health Questionnaire 
(GHQ-28) and concluded that 45.5% of the participants 
exhibited psychological disorders. Therefore, it is rec-
ommended to enhance the psychological skills of HCWs 
through counseling and training programs [9].

Long-term exposure to stressful situations can weaken 
the immune system, reduce the body’s ability to fight dis-
eases, and lead to complications such as anger, insomnia, 
fear of disease (even for non-high-risk individuals), social 
isolation, alcohol abuse, smoking, and post-traumatic 
stress disorder (PTSD) [6, 10]. These complications can 
ultimately diminish the quality of healthcare services, 
increase the frequency of medical errors, reduce patient 
safety, and jeopardize health organizations’ overall per-
formance and effectiveness [11–13].

To manage the mental health status of hospital staff, 
it is advisable to categorize them to identify those at the 
highest risk. Utilizing modern tools and emerging sci-
entific fields can provide quick answers. Therefore, this 
study employs advanced data analysis methods from 
data science to analyze the collected data and solve the 
research questions.

Clustering is one of the most reliable methods for dis-
covering similar features in a dataset. In this method, 
data with similar characteristics are grouped into clusters 

that are distinct from other data. Clustering is an explora-
tory process to identify meaningful structures or patterns 
within a dataset. It is an unsupervised learning method, 
meaning that the algorithms used in this method can 
detect patterns in untagged data by identifying similar 
behaviors.

Alam et  al. used K-means clustering to categorize 
university students based on their psychological health 
scores to evaluate the mental health status of Bangladeshi 
university students during the lockdown period [14].

In this study, we employed the K-means clustering 
algorithm, a method that relies on the data’s inherent 
structure, consisting of responses to the GHQ-28 ques-
tionnaire, without the need for predefined thresholds. 
The primary objective of this approach is to assign indi-
viduals to groups in a manner that meets specific criteria. 
Typically, clustering criteria aim to minimize differences 
within each group or maximize the distinctions between 
different groups equivalently.

This study aimed to compare the mental health status 
of medical staff during the COVID-19 pandemic in sev-
eral cities in Iran. The main advantage of this study over 
other similar research lies in using data clustering meth-
ods. Consequently, the study findings can assist health 
policymakers and decision-makers understand the cur-
rent situation and take appropriate measures to support 
medical staff and enhance their mental health.

Method
Patients and setting
This cross-sectional study was conducted in 11 Tehran, 
Kerman, and Golpayegan hospitals in 2021–2022. In 
terms of geographical location, these three cities repre-
sented the cities of Iran. The study population consisted 
of all nurses and physicians working in Afzalipour, Pay-
ambar-e Azam, Shafa, and Bahonar hospitals of Kerman, 
Imam Hossein Hospital of Golpayegan, and Sina, Razi, 
Shariati, Farabi, Bahrami, and Milad hospitals of Tehran 
and we sent a questionnaire (between October 2021 and 
January 2022) to 1968 people.

The only inclusion criterion was that all nurses and 
physicians with informed consent and willingness to fill 
out the research questionnaire. The exclusion criterion 
was a history of psychiatric diseases and taking psychiat-
ric medicines. To identify this category of people, in the 
initial questions of the questionnaire, people were asked 
about their history of psychiatric diseases and taking psy-
chiatric medication. The questionnaire was completed 
automatically for the samples who answered "yes" to the 
previous mental health problems question, and the ques-
tions related to the level of mental health were not shown 
to them.
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Data collection
The online version of the General Health Question-
naire-28 (GHQ-28) was used for data collection. Taqavi’s 
article assessed the validity and reliability of the GHQ-28 
questionnaire [15]. The contact information of all doc-
tors and nurses eligible to participate in the study was 
obtained from the relevant units in the studied hospitals.

The GHQ-28 questionnaire is a 28-question survey 
used to identify mental disorders in the general popula-
tion and is divided into four subscales: somatic symp-
toms, anxiety/insomnia, social dysfunction, and severe 
depression. The total score ranges from 0 to 84 (on a Lik-
ert scale), with higher scores indicating higher levels of 
distress [16]. A score between 0 and 22 was considered 
“none or the lowest level of mental disorders.” A score 
between 23 and 40 was considered a “low level of men-
tal disorders.” A score between 41 and 60 was consid-
ered an “average level of mental disorders,” and a score 
between 61 and 84 was considered a “severe level of men-
tal disorders.”

All physicians and nurses who met the inclusion crite-
ria were contacted from the studied hospitals. Then, the 
questionnaire link was sent to them via social networks 
(Telegram, WhatsApp, and Email) and SMS. Sampling 
was done using the snowball method. After remind-
ing each participant about completing the questionnaire 
twice at a one-week interval, those who did not respond 
were excluded from the study, indicating their unwilling-
ness to participate. The questionnaire was designed so 
each participant could fill it out only once.

Statistical method
The variables used in this study include gender, marital 
status, smoking, direct exposure to COVID-19 patients, 
chronic diseases, and specific jobs in the hospital. Then, 
data science methods, especially data clustering, were 
used to classify data based on the research objectives. 
To achieve this, clustering algorithms were employed to 
identify appropriate data patterns. As a result, data rep-
resenting specific features were grouped into a single 
cluster. The number of clusters was determined based 
on data extracted from questionnaires and expert opin-
ion. The clustering algorithms also provided tags for each 
cluster. In addition, the reason for assigning each per-
son to any of the clusters was determined by drawing a 
diagram. All the algorithms mentioned above were per-
formed in R-Studio.

In this study, we used the K-Means clustering algo-
rithm. The k-means algorithm is generally the most well-
known and widely used clustering method. Although it 
is an unsupervised learning method in pattern recogni-
tion and machine learning, the k-means algorithm and 

its extensions are always affected by initializations with a 
necessary number of clusters a priori.

K-means makes inferences from datasets using merely 
input vectors without referring to known or labeled out-
comes. Every data point is allocated to a cluster by mini-
mizing the in-cluster sum of squares. In other words, the 
K-means algorithm identifies the k number of centroids 
and then allocates every data point to the nearest clus-
ter while keeping the centroids as small as possible. The 
‘means’ in K-means refers to averaging of the data; that is, 
finding the centroid.

After implementing k-means clustering, we assigned a 
cluster ID to each sample to find the similar character-
istics of samples within each cluster. Before presenting 
the results, an insightful bar plot showing the relation 
between the average score of responses to GHQ-28 and 
cluster members is shown in Fig. 2.

Clustering
Grouping objects is crucial in various fields. For instance, 
patients with shared symptoms are categorized by dis-
eases. Classification is divided into supervised (labeled) 
and unsupervised (unlabeled) methods. Supervised 
builds classifiers to predict labels, while unsupervised 
clustering finds natural groupings without labels. Learn-
ing is vital in both processes [17]. Rokach explains that 
clustering involves grouping data patterns into subsets 
with similar patterns. This arrangement creates a struc-
tured assessment, effectively characterizing the sampled 
population [18].

When we have a large collection of data points, each 
representing an object, person, or event, clustering algo-
rithms aim to partition these data automatically points 
into groups, or “clusters,” where items within the same 
cluster are more similar to each other compared to those 
in different clusters. This similarity is usually measured 
using mathematical distance metrics that quantify how 
close or far apart data points are in the feature space.

K-Means [19, 20] clustering is a widely used unsuper-
vised machine learning algorithm designed to partition a 
dataset into distinct groups or clusters based on similar-
ity. It’s a straightforward yet powerful technique effective 
when the number of clusters is known in advance. Some 
advantages of K-means are Simplicity and efficiency, as 
well as Scalability to large datasets and Interpretability of 
results.

K-means has some key steps that we want to address 
here.

• Initialization: The algorithm randomly selects K data 
points as cluster centroids. These centroids serve as 
the initial centers of the clusters.
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• Assignment: Each data point in the dataset is 
assigned to the nearest cluster centroid. This assign-
ment is based on a distance metric, commonly the 
Euclidean distance, which measures the distance 
between data points and centroids.

• Updating Centroids: After assigning all data points to 
clusters, the algorithm recalculates the centroids of 
these clusters. The centroid of a cluster is the mean of 
all data points belonging to that cluster.

• Re-Assignment and Updating: Steps two and three 
are repeated iteratively. Data points are reassigned to 
the nearest centroids, and centroids are recalculated 
based on the new assignments. This process contin-
ues until the centroids no longer change significantly 
or a maximum number of iterations is reached.

• Convergence: Eventually, the algorithm converges to 
a point where data points are stably assigned to clus-
ters and centroids remain relatively constant.

Clustering can offer distinct advantages over tradi-
tional methods when studying medical staff’s mental 
health during the pandemic. This can give us Unbiased 
Grouping.

Traditional methods might require predetermined 
criteria or labels for classifying members into clusters, 
which can be limiting and biased. Clustering, on the 
other hand, can group individuals based on shared pat-
terns without requiring predefined categories.

Also, with the help of clustering, we can find complex 
patterns and variations in mental health states that might 
not fit predefined classifications.

Interestingly, with the help of unsupervised learning, 
we can identify unknown factors. Clustering can reveal 
novel patterns and correlations that traditional methods 
might miss.

Results
The total sample size used was 1,231 people, 74.5% 
(n = 918) female. The majority (66.4%) held a bachelor’s 
degree (n = 818), 15.4% had a master’s degree, and 5.4% 
possessed a Ph.D. or higher. The percentage of married 
individuals in the sample was 60.0, or n = 750. Addition-
ally, 91.4% of the people in the research had no smoking 
history. Among all hospital staff who contributed to this 
research, 73.5% (n = 905) directly interacted with patients 
with COVID-19. Also, 1,113 (90.4%) did not have chronic 
diseases such as diabetes, obesity, or high blood pressure. 
The distribution of their specific jobs in the hospital is 
shown in Table 1.

The average score of GHQ-28 responses was 26. Before 
implementing k-means clustering, we utilized the Elbow 
method. This curve is depicted in Fig. 1, which suggests 

that it’s more suitable to use K = 3 clusters based on our 
dataset. In Fig.  2, we also present the average scores 
obtained from responses to the GHQ-28 questionnaire.

The model’s output reveals that our first cluster com-
prises 506 individuals, while Cluster 2 consists of 189 
people, and Cluster 3 encompasses 536 hospital staff 
members. These clusters were formed based on their 
members’ shared characteristics and behavior. Detailed 
features of these three clusters are presented in Table 2.

Based on the above results, Cluster 2 exhibits the high-
est scores on the GHQ-28 questionnaire, with an average 
score of 52, indicating a higher level of mental distress. 
Within this cluster, 83% are female, 71% hold bachelor’s 
degrees and 42.8% are nurses who appear to have experi-
enced the most significant mental distress. and 90.4% had 
no history of smoking. Additionally, 59.7% are married, 
suggesting potential ripple effects on their families.

To identify which variables significantly differ among 
the clusters, we conducted a chi-square test with a 

Table 1 baseline characteristics of participants

Characteristics N (%)

Gender
 Male 313 (25.4)

 Female 918 (74.6)

Marital Status
 Single 481 (39.1)

 Married 750 (60.9)

Education
 Bachelor 818 (66.4)

 Masters 190 (15.4)

 Ph.D. and higher 67 (5.4)

 Diploma 131 (10.6)

 High school 25 (2.0)

Smoking
 No 1125 (91.4)

 Yes 106 (8.6)

Direct Exposure to COVID-19 Patient
 No 326 (26.5)

 Yes 905 (73.5)

Chronic Diseases
 No 1113 (90.4)

 Yes 118 (9.6)

Job
 Physician 131 (10.6)

 Nurse 507 (41.1)

 Laboratory Expert 34 (2.7)

 Midwife 110 (8.9)

 Nurse Assistance 44 (3.5)

 Other 405 (32.9)

Mean total score 26
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significance level of 5%. The results indicate that gender, 
education, direct exposure to COVID-19 patients, and 
occupation are significant at p < 0.05. These findings are 
presented in Table 3.

To compare mean scores across clusters and GHQ 
domains through statistical analysis, we initially identi-
fied the most suitable test for inter-cluster comparisons. 
Following this, we assessed the normality of the datasets 
within each cluster to understand their distribution.

To address this, we employed a Normal Q-Q plot, a 
graphical tool used for assessing the normality of a data-
set, and we also compared the boxplots. Its primary pur-
pose is to determine whether the data distribution closely 
conforms to a standard normal (Gaussian) distribution or 
deviates from it.

Based on the Q-Q plots, we concluded that the dis-
tributions within the clusters do not adhere to normal, 
as indicated by significant deviations in the tails. This 
substantial evidence strongly suggests a departure from 
the normal distribution assumption.

Accordingly, we have employed a robust non-para-
metric statistical test, namely the Kruskal–Wallis test, 
to compare the three clusters effectively.

After conducting the Kruskal–Wallis test, The p-value 
was less than 0.001, indicating statistical significance, 

and there is a difference among the medians of the clus-
ters being compared.

To enhance clarity, we’ve included some help-
ful charts below. These visuals give a full view of the 
clusters and make it simpler to understand the demo-
graphic trends. In Fig. 3, we can see the job distribution 
in each cluster. From this chart, it’s clear that there are 
more nurses than any other group.

In Fig.  4, the graphic representation illustrates the 
distribution of education levels within each cluster. 
Observing this plot, it becomes evident that a sig-
nificant proportion of individuals within the clusters 
possess a bachelor’s degree, indicating the preva-
lence of this educational attainment among cluster 
members.

In Fig. 5, we sought to graphically show what percent-
age of our samples were directly exposed to patients with 
COVID-19.

Discussion
Due to the unprecedented demand for healthcare ser-
vices during the COVID-19 pandemic and the absence 
of effective treatment, healthcare workers faced increas-
ingly heavy workloads and stressful situations [5, 21]. 
Therefore, this study aimed to analyze the health status 

Fig. 1 The elbow method plot to find out the proper number of clusters
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of hospital staff during the COVID-19 pandemic in Iran. 
This study provides a unique perspective on the experi-
ences and impact of the COVID-19 pandemic on the 
mental health of physicians and nurses using a novel 
analysis method called clustering, which has not been 
used in Iran previously.

In general, when considering the mean GHQ score 
of all samples (mean = 26), it appears that employees of 
health centers had a low level of mental disorders despite 
73.5% of the samples dealing with COVID-19 patients. 
After implementing data clustering, three clusters 
emerged. According to the results, the mean GHQ score 
of the first cluster indicated a low level of mental disor-
ders (mean = 30), with 78.6% of samples (398 individuals) 
in this cluster directly involved with COVID-19 patients. 
In this cluster, the subscales of somatic symptoms, anxi-
ety/insomnia, and social dysfunction were worse than 
severe depression.

Furthermore, out of the total of 189 individuals in the 
second cluster, 149 people (79%) had a history of direct 

exposure to a confirmed positive COVID-19 patient. The 
most critical issue in this cluster was the anxiety/insom-
nia subscale. Finally, the mean GHQ score of the third 
cluster indicated the lowest level of mental disorders 
(mean = 13), with 66.7% of samples (358 individuals) in 
this cluster dealing directly with COVID-19 patients. In 
this cluster, the subscales of somatic symptoms, anxiety/
insomnia, and severe depression were in a better position 
than social dysfunction.

Since the clusters were formed based on the simi-
lar characteristics and behaviors of their members, 
more samples were involved in dealing with COVID-
19 patients in the clusters with low (mean = 30) and 
average levels (mean = 52) of mental disorders com-
pared to the cluster with the lowest level of disorders 
(mean = 13). This involvement could exacerbate the 
mental disorders of health staff in the first and sec-
ond clusters. However, the lowest level of such disor-
ders (mean = 13) was observed in a higher percentage 
of samples (66.7% or 358 individuals) dealing with 

Fig. 2 Mean total score for each individual based on their responses to the GHQ-28 questionnaire
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COVID-19 patients in the third cluster. In other words, 
the samples of the third cluster had different responses 
to COVID-19 patients compared to the samples of the 
other two clusters. Given that the most critical subscale 
was related to anxiety/insomnia in the second cluster, 

management plans are needed to distribute night shifts 
to improve employee health properly.

The study examined the vulnerability of nurses, par-
ticularly females, based on factors such as education, 
direct exposure to COVID-19 patients, occupation, and 
marital status. The researchers compared mental health 
levels between nurses in COVID-19 hospitals and other 
hospitals. The results showed significantly lower mental 
health levels among nurses in COVID-19 hospitals, sug-
gesting a higher prevalence of mental disorders among 
them. This difference may be attributed to the evolving 
nature of the pandemic, with varying levels of mental dis-
orders at different stages, including the initial outbreak 
and the vaccination period.

The study identified direct exposure to COVID-19 
patients as a significant variable affecting mental health, 
which differed from a previous study [22]. A considerable 
proportion of participants in specific clusters had direct 
contact with COVID-19 patients, potentially increasing 
their risk of mental disorders. The variation in results 
between the current study and the previous one could 
be attributed to differences in time, the evolving under-
standing of the disease since its onset in April 2020, 
and the vaccination of medical staff during the present 
study. Moreover, the present study had a larger sample 
size, including 1231 individuals from various positions 
in health centers, while the previous study included only 
122 nurses.

Another significant observation from the clustering 
results pertains to the influence of direct exposure to 
COVID-19 patients on the average total score obtained 
by each individual in response to the GHQ-28 question-
naire. For instance, in clusters one and two, 79 percent 
reported direct exposure to patients, the corresponding 
mean total scores were 30 and 52, respectively. These 
scores notably exceeded the mean total score of cluster 
number three, where 66.7 percent reported direct expo-
sure and yielded a score of 13. This interpretation sug-
gests a clear association between direct patient exposure 

Table 2 Clustering according to baseline characteristics, N (%)

Characteristics Cluster 1 Cluster 2 Cluster 3 P-value

Gender
 Male 107 (21.1) 32 (16.9) 174 (32.4)  < 0.001

 Female 399 (78.8) 157 (83.0) 362 (67.5)

Marital Status
 Single 200 (39.5) 76 (40.2) 205 (38.2) 0.86

 Married 306 (60.4) 113 (59.7) 331 (61.7)

Education
 Bachelor 317 (63.2) 135 (71.0) 358 (66.2) 0.04

 Masters 89 (17.7) 30 (15.7) 80 (14.8)

 Ph.D. and higher 38 (7.5) 7 (3.6) 21 (3.8)

 Diploma 48 (9.5) 14 (7.3) 69 (12.2)

 High school 9 (1.7) 4 (2.1) 12 (2.2)

Smoking
 No 459 (90.7) 171 (90.4) 494 (92.1) 0.64

 Yes 47 (9.2) 18 (9.5) 42 (7.8)

Direct Exposure to COVID-19 Patient
 No 108 (21.3) 40 (21.1) 178 (33.2) < 0.001

 Yes 398 (78.6) 149 (78.8) 358 (66.7)

Chronic Diseases
 No 450 (88.9) 167 (88.3) 495 (92.3) 0.11

 Yes 56 (11.0) 22 (11.6) 41 (7.6)

Job
 Physician 67 (13.2) 16 (8.4) 38 (7.0) < 0.001

 Nurse 195 (38.5) 81 (42.8) 226 (42.1)

 Laboratory Expert 23 (4.5) 6 (3.1) 9 (1.6)

 Midwife 46 (9.0) 25 (13.2) 39 (7.2)

 Nurse Assistance 14 (2.7) 2 (1.0) 28 (5.2)

 Other 161 (31.8) 59 (31.2) 196 (36.5)

Mean total score 30 52 13 < 0.001

Table 3 GHQ domain descriptive table

a Std. Deviation

Cluster-ID Somatic symptoms Anxiety/insomnia Social dysfunction Severe depression N

1 Mean 8.37 8.51 8.40 4.41 506

SDa 2.95 2.88 2.28 3.42

2 Mean 12.70 14.58 12.75 11.45 188

SD 3.79 3.38 3.23 4.99

3 Mean 3.71 3.20 5.60 0.91 536

SD 2.21 2.25 2.22 1.42

Total Mean 7.01 7.13 7.85 3.96 1229

SD 4.28 4.83 3.44 4.71
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and a higher incidence of mental disorders in hospital 
staff.

Davarinia Motlagh Ghouchan et al. compared the men-
tal health of nurses in COVID-19 hospitals with those 
in other hospitals. According to their results, nurses 
in COVID-19 hospitals had significantly lower levels 
of mental health, while no significant differences were 
found between these nurses and those in other hospitals. 
The variance between the findings of this study and those 
of the study by Davarinia Motlagh Ghouchan et al. lies in 
the intensity of mental disorders experienced by hospital 
staff. They encountered different levels of mental disor-
ders at different times due to the unknown nature of this 
disease at its onset in April 2020 and the beginning of 
vaccination during this study. Davarinia Motlagh Ghou-
chan et  al. also sampled 122 nurses, whereas this study 
included 1231 individuals from various health center 
positions [22].

Tella et  al. [23] studied the mental health of health-
care workers during the COVID-19 pandemic in Italy 

and concluded that employees in COVID-19 wards 
experienced higher levels of depression and PTSS symp-
toms. According to the regression analysis results, they 
reported that working in COVID-19 wards and being 
female were among the vulnerability factors for depres-
sion symptoms. However, women with spousal support 
(i.e., gender and marital status) were identified as pro-
tective factors for maintaining better mental health. The 
difference in research timelines could also explain the 
disparities between the results reported by Tella et al. and 
the findings of this study.

Additionally, Spoorthy et  al. in their study concluded 
that several demographic variables, such as age, gender, 
workplace, work sector, profession, and psychological 
variables like self-efficacy and poor social support, were 
associated with increased stress, depressive symptoms, 
anxiety, and insomnia in healthcare workers [24]. There is 
increasing evidence suggesting that COVID-19 can be an 
independent risk factor for stress in healthcare workers. 
However, after universal vaccination and better control 

Fig. 3 Distribution of jobs in each cluster
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of conditions, Fattori et  al. showed in their study that 
two years after the start of the coronavirus epidemic, the 
mental health of healthcare workers gradually improved 
over time [25].

Based on the findings of our study, gender (specifi-
cally being female), education level, direct exposure to 
COVID-19 patients, and occupation were identified as 
variables that exhibited significant differences within the 
clusters. These results are consistent with the aforemen-
tioned study, where being female and direct exposure 
to COVID-19 patients were recognized as vulnerability 
factors.

Understanding the mental health status of hospital 
employees is of utmost importance. Low mental health 
not only contributes to personal problems but also has 
repercussions on families, society, service quality, the 
occurrence of medical errors, patient safety, and client 
satisfaction. Given the global impact of COVID-19, it is 
crucial to be attentive to potential mental health issues 
and leverage pandemic-related experiences for the future. 

This study uses data clustering algorithms to explore the 
relationship between the mental health of healthcare 
personnel and the COVID-19 pandemic. This research 
provides essential evidence for promoting mental health 
among healthcare workers and offers a clear understand-
ing of both risk and protective factors that play a role 
in reducing the prevalence of mental disorders. These 
insights are valuable for policymakers and healthcare 
decision-makers, enabling them to take appropriate 
measures to support healthcare staff, their families, and 
patients.

This study’s strengths include a substantial sample 
size, encompassing 1,231 doctors and nurses, as well 
as the utilization of data clustering techniques. None-
theless, a few limitations were encountered, including 
Interpreting relationships due to the nature of cross-
sectional study should be done with caution. Another 
limitation of the present study was that due to the 
limited time of doctors and nurses, it was possible for 
their response rate to be low, so we tried to reduce this 

Fig. 4 Distribution of education in each cluster
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limitation by using an online questionnaire and increase 
the response rate. Additionally, there was some data 
loss due to technical issues with the questionnaires for 
a brief period.

Conclusion
Low levels of mental health among healthcare center 
workers can lead to a decrease in the quality of services. 
Analyzing the mental health subscales in both groups 
can help identify areas where hospital personnel require 
training and empowerment, particularly during critical 
situations like a pandemic. Consequently, improvement 
strategies can be devised to ultimately enhance the qual-
ity of services and the overall health of hospital staff.

Notably, the most critical subscale pertains to anxiety 
and insomnia within the second cluster. To address this 
issue and improve employee well-being, management 
should consider implementing measures such as a more 
balanced distribution of night shifts.

Acknowledgements
We would like to thank the hospital staff who participated in the study.

Authors’ contributions
MSY, VB, SS, MJ and MSN substantially contributed to the conception and 
design, analysis, and interpretation of the study. SS, MJ and MS were involved 
in data gathering. MSN was involved in the statistical and machine learning 
analysis conducting and interpret of the result. All of authors participated in the 
write-up of the article. All authors have read and approved the manuscript.

Funding
The Tehran University of Medical Sciences financed this study.

Availability of data and materials
The datasets analyzed during the current study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This project has been approved by the Research Ethics Committee of the 
School of Public Health, Tehran University of Medical Sciences, with approval 
ID: IR.TUMS.SPH.REC.1400.198. This study was conducted on health providers 
in Tehran, Kerman, and Golpayegan hospitals. All methods were performed 
according to the relevant guidelines and regulations. Informed consent was 

Fig. 5 Direct exposure status of hospital staff with Covid-19 patients



Page 11 of 11Salehi et al. BMC Health Services Research         (2023) 23:1447  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

obtained from all participants in the study. In this way, the electronic question-
naire’s study objective and informed consent form were written on the first 
two pages. After reading and clicking on the "confirm" option, participants 
were aware of the questions written on the following pages and could answer 
them. Also, their non-response was considered as their lack of interest in 
participating in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 September 2022   Accepted: 4 December 2023

References
 1. WHO Coronavirus (COVID-19) Dashboard: World Health Organization. 

2023. Available from: https:// covid 19. who. int/.
 2. Tehran, Ministry of Health and Medical Education of Iran. 2023. Available 

from: https:// behda sht. gov. ir/% D8% A7% D8% AE% D8% A8% D8% A7% D8% 
B1-% DA% A9% D8% B1% D9% 88% D9% 86% D8% A7-% D9% 88% DB% 8C% 
D8% B1% D9% 88% D8% B3/% D8% B4% D9% 86% D8% A7% D8% B3% D8% 
A7% DB% 8C% DB% 8C-% DB% B4% DB% B1-% D9% 85% D8% A8% D8% AA% 
D9% 84% D8% A7% DB% 8C-% D8% AC% D8% AF% DB% 8C% D8% AF-% D9% 
88-% D9% 81% D9% 88% D8% AA-% DB% B2-% D8% A8% DB% 8C% D9% 85% 
D8% A7% D8% B1-% DA% A9% D8% B1% D9% 88% D9% 86% D8% A7-% D8% 
AF% D8% B1-% D8% B4% D8% A8% D8% A7% D9% 86% D9% 87-% D8% B1% 
D9% 88% D8% B2-% DA% AF% D8% B0% D8% B4% D8% AA% D9% 87-% D8% 
AF% D8% B1-% DA% A9% D8% B4% D9% 88% D8% B1.

 3. Statistical Centre of Iran. Available from: https:// www. amar. org. ir/ stati 
stical- infor mation.

 4. Population.IO: Population.IO. Available from:https:// popul ation. io/? 
campa ignid= 20042 68577 9& adgro upid= 15149 31585 07& adid= 65659 
49778 35& utm_ term= world% 20pop ulati on% 20clo ck& utm_ campa ign= 
1.+ Popul ation+% 232& utm_ source= adwor ds& utm_ medium= ppc& hsa_ 
acc= 34604 87076 & hsa_ cam= 20042 68577 9& hsa_ grp= 15149 31585 07& 
hsa_ ad= 65659 49778 35& hsa_ src= g& hsa_ tgt= kwd- 17533 906& hsa_ kw= 
world% 20pop ulati on% 20clo ck& hsa_ mt= b& hsa_ net= adwor ds& hsa_ 
ver= 3& gclid= CjwKC Ajwrr anBhA EEiwA zbhNt UO54p 6VHIk 2ffiW FGZdU 
t9W4m I4SRQx_ t8gIU- hgT_ 3Nin3 CtcFX hoCNz QQAvD_ BwE.

 5. Lai J, Ma S, Wang Y, Cai Z, Hu J, Wei N, et al. Factors associated with mental 
health outcomes among health care workers exposed to coronavirus 
disease 2019. JAMA Netw open. 2020;3(3):e203976.

 6. Hashemi HJ, Rezaei N, Ghafelehbashy H, Sarichloo M. Nurse’s men-
tal health in qazvin’s hospitals. Avicenna J Nurs Midwifery Care. 
2007;15(1):5–15.

 7. Xiang Y-T, Yang Y, Li W, Zhang L, Zhang Q, Cheung T, et al. Timely mental 
health care for the 2019 novel coronavirus outbreak is urgently needed. 
Lancet Psychiatry. 2020;7(3):228–9.

 8. Stelnicki AM, Carleton RN, Reichert C. Nurses’ mental health and well-
being: COVID-19 impacts. Can J Nurs Res. 2020;52(3):237–9.

 9. Zakeri MA, Dehghan M, Heidari FG, Pakdaman H, Mehdizadeh M, Ganjeh 
H, et al. Mental health outcomes among healthcare workers during the 
COVID-19 outbreak in Iran. Ment Health Rev J. 2021;26(2):152–60.

 10. Shigemura J, Ursano RJ, Morganstein JC, Kurosawa M, Benedek DM. 
Public responses to the novel 2019 coronavirus (2019-nCoV) in Japan: 
mental health consequences and target populations. J Neuropsychiatry 
Clin Neurosci. 2020;74(4):281.

 11. Edwards D, Burnard P. A systematic review of stress and stress 
management interventions for mental health nurses. J Adv Nurs. 
2003;42(2):169–200.

 12. Poursadeghiyan M, Abbasi M, Mehri A, Hami M, Raei M, Ebrahimi MH. 
Relationship between job stress and anxiety, depression and job satisfac-
tion in nurses in Iran. Social Sci. 2016;11(9):2349–55.

 13. Jackson D, Bradbury-Jones C, Baptiste D, Gelling L, Morin K, Neville S, 
et al. Life in the pandemic: some reflections on nursing in the context of 
COVID‐19. J Clin Nurs. 2020;29(13–14):2041.

 14. Alam MK, Ali FB, Banik R, Yasmin S, Salma N. Assessing the mental health 
condition of home-confined university level students of Bangladesh due 
to the COVID-19 pandemic. J Public Health. 2021;30:1–8.

 15. Taqavi SM. Checking the validity and reliability of the public health ques-
tionnaire (GHQ). J Psychol. 2008;5:398–81.

 16. Goldberg DP, Hillier VF. A scaled version of the general health question-
naire. Psychol Med. 1979;9(1):139–45.

 17. Saxena A, Prasad M, Gupta A, Bharill N, Patel OP, Tiwari A, et al. A 
review of clustering techniques and developments. Neurocomputing. 
2017;267:664–81.

 18. Maimon O, Rokach L, editors. Data mining and knowledge discovery 
handbook. New York: Springer; 2005.

 19. MacQueen J. Some methods for classification and analysis of multivari-
ate observations. In Proceedings of the fifth Berkeley symposium on 
mathematical statistics and probability. University of California; 1967. (Vol. 
1, No. 14, pp. 281–297).

 20. Sammut C, Webb GI, editors. Encyclopedia of machine learning. Springer 
Science & Business Media; 2011.

 21. Kang L, Li Y, Hu S, Chen M, Yang C, Yang BX, et al. The mental health of 
medical workers in Wuhan, China dealing with the 2019 novel coronavi-
rus. Lancet Psychiatry. 2020;7(3):e14.

 22. Quchan ADM, Tajabadi A, Borzoee F, Heshmatifar N, Tabrizi ZM, Rastaghi 
S. Comparison of mental health of nurses working in COVID-19 reference 
hospitals with other hospitals. J Military Med. 2020;22(11):1145–52.

 23. Di Tella M, Romeo A, Benfante A, Castelli L. Mental health of healthcare 
workers during the COVID‐19 pandemic in Italy. Journal of evaluation in 
clinical practice. 2020;26(6):1583–7.

 24. Spoorthy MS, Pratapa SK, Mahant S. Mental health problems faced by 
healthcare workers due to the COVID-19 pandemic–a review. Asian J 
Psychiatry. 2020;51: 102119.

 25. Fattori A, Comotti A, Mazzaracca S, Consonni D, Bordini L, Colombo E, 
et al. Long-term trajectory and risk factors of healthcare workers’ mental 
health during COVID-19 pandemic: a 24 month longitudinal cohort 
study. Int J Environ Res Public Health. 2023;20(5): 4586.

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

https://covid19.who.int/
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://behdasht.gov.ir/%D8%A7%D8%AE%D8%A8%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D9%88%DB%8C%D8%B1%D9%88%D8%B3/%D8%B4%D9%86%D8%A7%D8%B3%D8%A7%DB%8C%DB%8C-%DB%B4%DB%B1-%D9%85%D8%A8%D8%AA%D9%84%D8%A7%DB%8C-%D8%AC%D8%AF%DB%8C%D8%AF-%D9%88-%D9%81%D9%88%D8%AA-%DB%B2-%D8%A8%DB%8C%D9%85%D8%A7%D8%B1-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D8%B4%D8%A8%D8%A7%D9%86%D9%87-%D8%B1%D9%88%D8%B2-%DA%AF%D8%B0%D8%B4%D8%AA%D9%87-%D8%AF%D8%B1-%DA%A9%D8%B4%D9%88%D8%B1
https://www.amar.org.ir/statistical-information
https://www.amar.org.ir/statistical-information
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE
https://population.io/?campaignid=20042685779&adgroupid=151493158507&adid=656594977835&utm_term=world%20population%20clock&utm_campaign=1.+Population+%232&utm_source=adwords&utm_medium=ppc&hsa_acc=3460487076&hsa_cam=20042685779&hsa_grp=151493158507&hsa_ad=656594977835&hsa_src=g&hsa_tgt=kwd-17533906&hsa_kw=world%20population%20clock&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjwrranBhAEEiwAzbhNtUO54p6VHIk2ffiWFGZdUt9W4mI4SRQx_t8gIU-hgT_3Nin3CtcFXhoCNzQQAvD_BwE

	Mental health outcomes of hospital staff during the COVID-19 pandemic in Iran
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Method
	Patients and setting
	Data collection
	Statistical method
	Clustering

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


