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Abstract
Objective: The current study aimed to investigate the temporal trend of in-hospital and intensive care unit (ICU) mortality of coronavirus disease 
2019 (COVID-19) patients over 6 months in the spring and summer of 2021 in Iran.
Design: We performed an observational retrospective cohort study.
Setting: Qazvin Province- Iran during 6 month from April to September 2021.
Participants: All 14355 patients who were hospitalized with confirmed COVID-19 in hospitals of Qazvin Province.
Intervention: No intervention.
Main outcome measures: The trends of overall in-hospital mortality and ICU mortality were the main outcome of interest. We obtained crude 
and adjusted in-hospital and ICU mortality rates for each month of admission and over surge and lull periods of the disease.
Results: The overall in-hospital mortality, early mortality and ICU mortality were 8.8%, 3.2% and 67.6%, respectively. The trend for overall 
mortality was almost plateau ranging from 6.5% in July to 10.7% in April. The lowest ICU mortality was 60.0% observed in April, whereas 
it reached a peak in August (ICU mortality = 75.7%). Admission on surge days of COVID-19 was associated with an increased risk of overall 
mortality (Odds ratio = 1.3, 95% confidence interval = 1.1, 1.5). The comparison of surge and lull status showed that the odds of ICU mortality in 
the surge of COVID-19 was 1.7 higher than in the lull period (P -value < 0.001).
Conclusions: We found that the risk of both overall in-hospital and ICU mortality increased over the surge period and fourth and fifth waves of 
severe acute respiratory syndrome coronavirus 2 infection in Iran. The lack of hospital resources and particularly ICU capacities to respond to 
the crisis during the surge period is assumed to be the main culprit.
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic started 
in the last days of 2019, and for the last 2 years, it has been 
the leading cause of death due to infection [1]. COVID-19 
has led to more than 5 million deaths globally [2]. During 
the first emergence of the COVID-19 pandemic, the mor-
tality rate among all hospitalized patients and particularly 
critically ill patients was pretty high [3–5]. Age, male gender, 
co-exciting disorders and lower socioeconomic status have 
already been identified as the factors associated with higher 
COVID-19 mortality in this period [6, 7]. Multiple studies 

have shown considerable improvement in the survival of these 
patients after the first disease surge [8–10]. Several factors 
such as better therapeutic strategies, an increase in health-
care capacities and better hospital organization, a change 
in patient characteristics, an improvement in medical skills 
and fewer pathogenic viral variants have been highlighted 
as the primary drivers of this improvement [11]. After three 
waves of COVID-19 in most developed countries, the num-
ber of hospitalized patients and COVID-19-related deaths 
declined substantially mainly due to widespread public vac-
cination [12, 13]. In Iran, however, the four and fifth COVID 

mailto:rajabpour.mojtaba@gmail.com


2 Abdi et al.

waves occurred in the spring and summer of 2021; COVID-19 
turned into an uncontrollable public health challenge across 
the country when the number of hospitalized patients and 
COVID-19 mortality reached a peak in August and September 
[14]. The health system’s inefficient performance in providing 
COVID-19-approved vaccines, delayed public vaccination, 
failed national vaccine projects in the country and interna-
tional sanctions contributed to such circumstances. On the 
other hand, several studies have shown that surge periods are 
associated with an increased in-hospital and intensive care 
unit (ICU) mortality in COVID-19 patients due to a strained 
health-care system, limited resources and burnout of clinical 
staff [9, 15].

The current study aimed to investigate the in-hospital and 
ICU mortality of COVID-19 patients over 6 months in the 
spring and summer of 2021 in Iran. We examined the tem-
poral trend of COVID-19 mortality adjusted for patients’ 
profiles to make sure that any changes in in-hospital mortal-
ity were not associated with the change in admitted patients’ 
characteristics.

Methods
Study design and patients
We performed an observational retrospective cohort study on 
14 355 patients with COVID-19 hospitalized during April–
September 2021 in Qazvin province, Iran. All patients had 
confirmed COVID-19 diagnosis. A diagnosis of COVID-19 
was made based on real-time reverse transcription-polymerase 
chain reaction testing that was carried out on nasopharyngeal 
throat swab specimens or based on clinical diagnostic criteria 
provided by the Ministry of Health in Iran. According to the 
guidelines, the diagnosis of COVID-19 was made by the pres-
ence of any respiratory symptoms including cough, dyspnea, 
sore throat, congestion, loss of taste and/or smell, in addi-
tion to chest X-ray evidence indicating unilateral or bilateral 
interstitial infiltrations [16]. All recruited patients were over 
18 and were hospitalized for at least 48 h in one of the hos-
pitals in Qazvin province. The Qazvin University of Medical 
Sciences Ethics Committee and Review Board has reviewed 
and approved the current study. They have also waived the 
need for informed consent of patients due to the nature of the 
study.

Data collection and outcome
We collected data on demographic characteristics (age and 
sex), comorbidities (hypertension, diabetes mellitus, cardio-
vascular diseases (CVDs), chronic obstructive pulmonary dis-
eases (COPDs), chronic liver diseases, chronic kidney disease 
and cancer), signs and symptoms (oxygen saturation, temper-
ature, respiratory rate and symptom onset to hospitalization), 
risk factors (COVID-19 vaccination, tobacco smoking and 
opium use) and treatments (oxygen therapy, mechanical ven-
tilation, admission in ICU and length of stay (LOS) at the 
hospital). In-hospital mortality defined as death at discharge 
time, early mortality (death within the first 5 days of admis-
sion) and ICU mortality (death in patients with ICU admis-
sion) were the main outcomes of interest in our study. The 
study duration was categorized into six separate periods based 
on the month of admission. The surge period of COVID-19 
was categorized into the spring surge (April 2021) and the 
summer surge (August and September 2021), while May, June 

and July were regarded as lull periods in 2021. This classifi-
cation was based on the official declaration of the Ministry of 
Health and Medical Education of Iran. All data were retrieved 
from the electronic databases of COVID-19 patients provided 
by the Qazvin University of Medical Sciences as described
elsewhere [5].

Statistical analysis
Categorical variables are described using numbers and per-
centages. Continuous variables are shown as mean and stan-
dard deviations (SD) or median and interquartile ranges 
(IQR), as applicable. The mortality outcomes are presented 
as proportions and 95% confidence intervals (CI). The chi-
squared test was used to examine the difference between 
dichotomous variables. To assess the difference in means and 
medians between the compared groups, the t-test and the anal-
ysis of variance were used, respectively. The Mann–Whitney 
U test was employed to compare groups when the data were 
skewed. Multiple logistic regression was used to examine the 
association between in-hospital mortality and ICU mortal-
ity as outcomes of interest and admission during the surge 
periods as the independent variable. Age, sex, comorbidi-
ties, respiratory rate, type of hospital and oxygen saturation 
upon admission were included in the model as possible con-
founders. For the model generation, each variable was entered 
into a simple regression model, and then the most influen-
tial variables (P < 0.1) were selected for multiple models. We 
generated two distinctive multinomial logistic regression mod-
els using the ‘mlogit’ command in Stata. The models were 
adjusted for age, sex, comorbidities, respiratory rate, type of 
hospital and oxygen saturation upon admission. The mod-
els compared the odds of death in the surge period to those 
during the lull period adjusted for the same confounding vari-
ables. Odds ratio (OR) and associated 95% CI for the surge 
period were adjusted for the possible confounding variables. 
We performed all statistical analyses using Stata (Ver. 14.1, 
StataCrop LLC, College Station, TX, USA).

Results
Changes in patients’ characteristics over the study 
time
We assessed data on 14 355 adult COVID-19 patients admit-
ted to all hospitals in Qazvin province for 6 months, i.e. 
from April to September 2021. The average age of the 
study participants was 55.6 (17.1) years, and patients 
admitted during the surge period were significantly younger 
(P-value < 0.001). We observed a significant difference in sex 
distribution throughout the study (P-value < 0.001). We also 
observed a higher proportion of all comorbidities in the 
lull period, and the median score of the Charlson index 
for patients admitted in the surge period was significantly 
lower (P-value < 0.001). Regarding symptoms and signs, we 
found no significant difference in the patient’s temperature, 
respiratory rate and oxygen saturation. The overall propor-
tion of oxygen saturation <93% was 75.3%. The median 
of symptom onset to hospitalization was 6 days in patients 
admitted, and it was significantly higher for patients admit-
ted in the surge period (6.1 days) compared to the lull 
period (5.8 days) (P-value < 0.001). The overall proportion of 
patients with tachypnea (respiratory rate > 20) was 30.1%. 
The overall proportions of tobacco and opium smoking were 
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Table 1 Clinical characteristics of the hospitalized COVID-19 patients

Lull period Surge period Overall P-value

Characteristics
 Age, median (IQR) 57.1 (17.5) 54.5 (16.8) 55.6 (17.1) <0.001
 Age > 65 years, n (%) 1755 (35.6) 2562 (27.1) 4317 (30.0) <0.001
 Sex, male (%) 2270 (46.1) 4211 (44.6) 6481 (45.1) <0.001
Comorbidities
 Hypertension, n (%) 1284 (26.0) 1819 (19.2) 3103 (21.6) <0.001
 Diabetes mellitus, n (%) 889 (18.0) 1310 (13.9) 2199 (15.3) <0.001
 CVD, n (%) 581 (11.8) 867 (9.1) 1448 (10.1) <0.001
 COPD, n (%) 199 (4.0) 266 (2.8) 465 (3.2) <0.001
 Chronic liver disease, n (%) 26 (0.5) 28 (0.3) 54 (0.4) 0.032
 Chronic kidney disease, n (%) 87 (1.8) 91 (1.0) 178 (1.2) <0.001
 Cancer, n (%) 69 (1.4) 88 (0.9) 157 (1.1) 0.010
 Charlson index, mean (SD) 1.9 (1.7) 1.5 (1.5) 1.6 (1.6) <0.001
Symptoms
 Symptom onset to hospitalization, mean (SD) 5.8 (4.2) 6.1 (3.7) 6.0 (3.9) <0.001
 Temperature, mean (SD) 37.0 (1.3) 37.0 (1.1) 37.0 (1.2) 0.354
 Respiratory rate > 20, n (%) (%) 1495 (30.3) 2831 (30.0) 4326 (30.1) 0.670
 Oxygen saturation, mean (SD) 88.7 (7.2) 88.9 (6.7) 88.9 (6.9) 0.123
 Oxygen saturation < 93%, n (%) (%) 3689 (75.1) 7113 (75.4) 10 811 (75.3) 0.673
Risk factors
 Tobacco smoking, n (%) (%) 125 (2.5) 168 (1.7) 293 (2.0) <0.001
 Opium use, n (%) 116 (2.3) 133 (1.4) 249 (1.7) <0.001
 COVID-19 vaccination, n (%) 377 (7.6) 2006 (21.2) 2383 (16.6) <0.001
Treatment
 ICU admission, n (%) 538 (10.9) 845 (8.9) 1383 (9.6) <0.001
 Oxygen therapy, n (%) 3654 (74.5) 6584 (70.7) 10 238 (72.0) <0.001
 Intubation, n (%) 351 (7.1) 520 (5.5) 871 (6.0) <0.001
 LOS, median (IQR) 6.2 (5.1) 5.8 (4.4) 5.9 (4.6) <0.001
Outcome
 Early mortality, n (%) 130 (2.6) 334 (3.5) 464 (3.2) 0.004
 ICU mortality, n (%) 354 (65.8) 582 (68.8) 936 (67.6) 0.233
 Intubation mortality, n (%) 268 (76.3) 374 (71.9) 642 (73.7) 0.145
 Overall mortality, n (%) 420 (8.5) 845 (8.9) 1265 (8.8) 0.388
Overall admission, n (%) 4924 (100) 9431 (100) 14 355 (100)

2.0% and 1.7%, respectively, and the observed difference 
between the lull and surge periods was statistically signif-
icant (P-value < 0.001). As depicted in Table 1, 10.9% of 
patients were admitted to ICU during the lull period, while the 
proportion of ICU admission decreased to 8.9% in the surge 
period of COVID-19 (P-value< 0.001). We also observed a 
similar pattern in the proportion of patients receiving mechan-
ical ventilation. The proportion of patients who underwent 
mechanical ventilation was 7.1% in the lull period, which 
decreased to 5.5% during the surge period of the disease 
(P-value < 0.001). We also compared the LOS at the hospi-
tal and observed that LOS was significantly higher in the 
lull period (P-value < 0.001) (Table 1). We also categorized 
COVID-19 admission centers into three categories, including 
public educational hospitals, public non-educational hospitals 
and private hospitals, and provided patient distribution and 
outcomes in each center (Table 2). 

Mortality trend
The overall in-hospital mortality, early mortality and ICU 
mortality were 8.8%, 3.2% and 67.6%, respectively. This 
number was 73.7% for patients who underwent mechanical 
ventilation. The trend for overall mortality was almost plateau 
ranging from 6.5% in July to 10.7% in April. The trends 
for ICU mortality, overall mortality, mechanically ventilated 
and early mortality over the study period are depicted in
Figure 1.

Adjusted in-hospital and ICU mortality and their 
associated factors
The adjusted overall mortality for surge and lull periods was 
9.5% and 7.6%, respectively. According to the multiple logis-
tic regression model, the odds of death in the surge period 
were significantly higher than in the lull period as the refer-
ence category (OR= 1.3, 95% CI= 1.1, 1.5). We performed 
subgroup analyses and repeated the logistic regression for 
different age groups and observed that after adjustment for 
confounding variables, the odds of death in the surge of dis-
ease were significantly higher than the lull period in all age 
groups except in the patients younger than 40 (OR = 1.4, 
95% CI= 0.8, 2.5) (Table 3). 

Overall adjusted ICU mortality in the surge and lull periods 
of the current study was 59.1% and 47.8%, respectively. The 
comparison of surge and lull periods showed that the odds of 
ICU mortality in the surge of COVID-19 were 1.7 higher than 
in the lull period (P-value < 0.001). Subgroup analysis showed 
that the association was stronger in younger patients, and it 
was even not statistically significant in patients older than 80 
(OR = 0.9, 95% CI= 0.5, 1.8) (Table 3).

Discussion
Statement of principal findings
The current study investigated the trend of overall in-hospital 
mortality and ICU mortality in patients hospitalized for 
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Table 2 COVID-19 patient’s characteristics and outcome by each type of admitting center

 Hospital types

Characteristics
Educational hospitals 
(N = 10 954)

Non-educational public 
hospital (N = 2249) Private sector (N = 1152)

Age, median (IQR) 56.0 (27.0) 54.0 (25.0) 57.0 (23.0)
Age > 65 years, n (%) 3357 (30.6%) 612 (27.2%) 348 (30.2%)
Sex, male (%) 5017 (45.8%) 940 (41.8%) 524 (45.5%)

Comorbidities
 Hypertension, n (%) 2297 (20.9%) 547 (24.3%) 259 (22.5%)
 Diabetes mellitus, n (%) 1612 (14.7%) 395 (17.5%) 192 (16.6%)
 CVD, n (%) 1048 (9.5%) 259 (11.5) 141 (12.2%)
 COPD, n (%) 336 (3.0%) 90 (4.0%) 39 (3.4%)
 Chronic liver disease, n (%) 35 (0.3%) 9 (0.4%) 10 (0.8%)
 Chronic kidney disease, n (%) 141 (1.3%) 25 (1.1%) 12 (1.0%)
 Cancer, n (%) 113 (1.0%) 24 (1.0%) 20 (1.7%)
 Charlson index, mean (SD) 1.6 (1.6) 1.6 (1.6) 1.7 (1.5)

Symptoms
 Symptom onset to hospitalization, mean (SD) 5.6 (3.8) 7.2 (3.9) 7.0 (3.8)
 Temperature, mean (SD) 37.0 (1.1) 36.9 (1.3) 37.1 (1.1)
 Respiratory rate > 20, n (%) 3392 (30.9%) 617 (27.4%) 317 (27.5)
 Oxygen saturation, mean (SD) 88.4 (7.1) 90.5 (6.2) 89.6 (5.7)
 Oxygen saturation < 93%, n (%) 8670 (79.1%) 1272 (56.5%) 869 (75.4%)

Risk factors
 Tobacco smoking, n (%) 201 (1.8%) 67 (2.9%) 25 (2.1%)
 Opium use, n (%) 183 (1.6%) 47 (2.1%) 19 (1.6%)
 COVID-19 vaccination, n (%) 1.6 (14.9%) 379 (16.8%) 367 (31.8%)

Treatment
 ICU admission, n (%) 1088 (9.9%) 87 (3.8%) 208 (18.0%)
 Oxygen therapy, n (%) 8895 (82.1%) 1060 (47.4%) 283 (24.8%)
 Intubation, n (%) 753 (6.8%) 65 (2.9%) 53 (4.6%)
 LOS, median (IQR) 5.0 (4.0) 4.0 (3.0) 5.0 (2.0)

Outcome
 Early mortality, n (%) 385 (3.5%) 43 (1.9%) 36 (3.1%)
 ICU mortality, n (%) 799 (73.4%) 54 (62.0%) 83 (39.9%)
 Intubation mortality, n (%) 568 (75.4%) 36 (55.3%) 38 (71.7%)
Overall mortality, n (%) 1097 (10.0%) 80 (3.5%) 88 (7.6%)

Figure 1 Crude mortality rates trends for patients admitted with COVID-19 in Qazvin province, Iran, stratified by month of admission.
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Table 3 Adjusted in-hospital and ICU mortality and prognostic factors associated with overall mortality and ICU mortality in patients admitted with COVID-19 
in Qazvin province, Iran

 Overall mortality  ICU mortality

Overall Point estimate (95% CI) OR (95% CI) P-value Point estimate (95% CI) OR (95% CI) P-value

 Lull 7.6 (7.5, 7.7) Reference 47.8 (47.5, 48.2) Reference
 Surge 9.5 (9.4, 9.6) 1.3 (1.1, 1.5) <0.001 59.1 (58.7, 59.5) 1.7 (1.3, 2.3) <0.001
Age < 40
 Lull 1.8 (1.7, 1.9) Reference 28.1 (24.1, 32.2) Reference
 Surge 2.6 (2.5, 2.7) 1.4 (0.8, 2.5) 0,179 48.7 (43.8, 53.6) 3.8 (1.4, 10.0) 0.004
Age 40–59
 Lull 4.8 (3.8, 4.2) Reference 53.5 (50.9, 56.0) Reference
 Surge 6.1 (5.9, 6.3) 1.5 (1.1, 2.0) 0.001 66.6 (64.3, 68.9) 2.0 (1.2, 3.5) 0.003
Age 60–79
 Lull 11.1 (10.9, 11.4) Reference 67.4 (65.2, 69.6) Reference
 Surge 13.6 (13.3, 13.9) 1.2 (1.0, 1.4) 0.054 76.7 (74.8, 78.5) 1.9 (1.2, 3.1) 0.004
Age ≥ 80
 Lull 20.8 (20.4, 21.2) Reference 77.3 (74.8, 79.9) Reference
 Surge 25.2 (24.8, 25.7) 1.3 (1.0, 1.7) 0.050 76.6 (74.1, 79.2) 0.9 (0.5, 1.8) 0.564

The regression model was adjusted for age, sex, respiratory rate, oxygen saturation, comorbidity (Charlson index) and type of hospital.
The bold values denote statistical significance at 0.05 level, after adjustment for age, sex, oxygen saturation, comorbidity (Charlson index), and type of 
hospital.

more than 24 h in Qazvin province over the fourth and fifth 
waves of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection in Iran. Admission in the surge of dis-
ease was associated with increased odds of death. Adjusted 
overall mortality in the surge of disease was significantly 
higher than the lull period (9.5% versus 7.6%). Moreover, 
the odds of ICU mortality in the surge of COVID-19 was 1.7 
times higher than the lull period.

Strength and limitations
This study was one of the few studies to figure out the trends 
of in-hospital and ICU mortality in COVID-19 patients in 
a low and middle-income country. We included a compre-
hensive cohort of all educational and non-educational hos-
pitals assigned to admit COVID-19 patients in one of the 
provinces of Iran. However, our findings must be interpreted 
in light of our limitations. The current study was performed 
on data collected during daily care provided to the admitted 
patients; therefore, we did not collect variables like labora-
tory data and treatments. Second, we did not address viral 
variance since viral sequencing was not part of our study. 
However, as all the data were collected in 2021, we believe 
that the viral variant remained stable throughout the study
period.

Interpretation within the context of the wider 
literature
According to the previous studies, in-hospital mortality in 
hospitalized COVID-19 patients downed to half over the time 
in countries like the USA, UK and Spain [8, 10, 11].

A couple of different scenarios including improvement 
in the expertise of health workers, better health care and 
improvement in the provided treatments, increase in hospital 
admission, different patient characteristics and the attenu-
ated variant of the virus have been developed to explain the 
observed improvement in survival of hospitalized COVID-19 
patients [8, 11]. According to our data, changes in the admit-
ted patient characteristics were the major driving factor of the 
downward trend in COVID-19 mortality. Admitted patients 

in the lull period were significantly younger with a lower 
proportion of co-existing disorders. As shown in the adjusted 
analysis, in-hospital adjusted mortality exceeded 9.0% in the 
surge period, and the odds of death were 1.39 times higher in 
comparison to the lull period.

The increases in hospital census and ICU overload, result-
ing in impaired care, may have been the main factors leading 
to higher in-hospital mortality rates. A similar increase in in-
hospital mortality was reported in other developing countries, 
such as South Africa [17], which contrasted with the ear-
lier studies in developed countries [11]. Over the COVID-19 
surges, the hospitals included in our study were unable to 
increase our ICU capacity as required, while more developed 
countries doubled theirs over the COVID-19 waves [11]. As 
shown in our data, the lowest proportion of ICU admis-
sions, mechanical ventilation and oxygen therapy occurred in 
August and September when hospital admissions were at their 
highest. We found that the number of hospitalized patients in 
August and September 2021 was almost double that of the 
lull period in June and July 2021, whereas fewer than 8.0% 
of the hospitalized patients were admitted to the ICU in these 
2 months compared to the prior period. The primary reason 
for such a difference seems to be the limited resources of the 
health system in developing countries. The observed increase 
in in-hospital mortality could be attributed to increased illness 
acuity upon ICU admission, i.e. patients with noninvasive res-
piratory support probably stayed out of ICU due to low ICU 
capacity and mostly intubated patients were admitted, and 
this has led to an increase in both in-ICU and out-ICU mor-
tality, as well as an increase in overall in-hospital mortality 
over the COVID-19 surge.

Another outcome of interest was the crude rate of ICU 
mortalities, which varied from 60.0% in April to 75.7% in 
August. The reported ICU mortality in this study was substan-
tially higher than the reported numbers from the developed 
countries [18–20]. This difference might be due to higher ICU 
capacities in such countries that let them admit less severe 
cases to their ICUs. The reported ICU morality by Ranzani 
et al. in Brazil was comparable with our findings, indicat-
ing that stretched health system resources and staffs in low 
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and middle-income countries were the main reason for the 
observed gap [21].

The highest proportion of ICU admission in the current 
study was 13.1% in April, which was considerably lower than 
in high-income countries [11]. Our adjusted analysis showed a 
higher than 20% gap between summer surges and lull periods 
in ICU mortality. Our findings demonstrated that the odds of 
ICU mortality over the COVID-19 surge were almost 2-fold 
higher than during the lull period, which was supported by 
previous studies. A strong association between admission in 
the surge period and higher ICU mortality has already been 
proven [9]. A couple of health system-related factors like lack 
of hospital resources, higher strain on health-care systems and 
clinical staff, and personnel’s burnout due to long-term pan-
demics have already been discussed to explain the higher ICU 
mortality in the surge period [9].

Implication for policy, practice and research
Accelerating COVID-19 vaccination on a national scale might 
be a useful approach to increase the effectiveness of hospi-
tal care by reducing the risk of hospitalization and death 
in COVID-19 patients and avoiding patient overload in 
hospitals.

Conclusion
In conclusion, we found that the risk of both overall in-
hospital and ICU mortality increased over the summer surge 
of 2021 and the fifth wave of SARS-CoV-2 infection in 
Iran. One possible explanation is that shortages in hospi-
tal resources and particularly in ICU capacities amid the 
imposed higher burden on the health system during the surge 
period have led to the increased risk of death in hospitalized 
COVID-19 patients.
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