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Original Article

Objectives: The coronavirus disease 2019 (COVID-19) pandemic led to increased mortality rates. To assess this impact, this ecological 

study aimed to estimate the excess death counts in southern Iran. 

Methods: The study obtained weekly death counts by linking the National Death Registry and Medical Care Monitoring Center reposi-

tories. The P-score was initially estimated using a simple method that involved calculating the difference between the observed and 

expected death counts. The interrupted time series analysis was then used to calculate the mean relative risk (RR) of death during the 

first year of the pandemic. 

Results: Our study found that there were 5571 excess deaths from all causes (P-score=33.29%) during the first year of the COVID-19 

pandemic, with 48.03% of these deaths directly related to COVID-19. The pandemic was found to increase the risk of death from all 

causes (RR, 1.26; 95% confidence interval [CI], 1.19 to 1.33), as well as in specific age groups such as those aged 35-49 (RR, 1.21; 95% 

CI, 1.12 to 1.32), 50-64 (RR, 1.38; 95% CI, 1.28 to 1.49), and ≥65 (RR, 1.29; 95% CI, 1.12 to 1.32) years old. Furthermore, there was an 

increased risk of death from cardiovascular diseases (RR, 1.17; 95% CI, 1.11 to 1.22).

Conclusions: There was a 26% increase in the death count in southern Iran during the COVID-19 pandemic. More than half of these 

excess deaths were not directly related to COVID-19, but rather other causes, with cardiovascular diseases being a major contributor.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has been 
responsible for over 6 million deaths globally, as of March 6, 
2023 [1]. COVID-19 is a multiorgan disease that affects the re-
spiratory, cardiovascular, neurologic, and urinary systems [2,3]. 
In addition, it can cause various long-term sequelae; therefore, 
many post-infection deaths can be attributed to the infection 
itself [4]. The COVID-19 pandemic has had a significant psy-
chological impact on the population, causing fear and uncer-
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tainty [5]. In Iran, specifically, there has been compounded by 
a concerning lack of trust in the healthcare system [6]. As a re-
sult, people are hesitant to visit healthcare facilities, which could 
lead to delayed visits to emergency departments and worse 
outcomes [7]. Moreover, there may be hidden deaths associat-
ed with COVID-19 that are not captured in reports from the 
World Health Organization, due to factors such as underdiag-
nosis from low-sensitivity tests and faulty testing strategies. 
The concept of excess death can be used to measure both the 
direct and indirect effects of a health crisis, such as the COVID- 
19 pandemic, beyond regular death rate estimates that only 
account for deaths related to the underlying cause of the crisis 
[8,9]. In this study, we aimed to determine the number of ex-
cess deaths that occurred during the first year of the COVID-19 
pandemic in southern Iran.

METHODS 

Data Repositories
This ecological study aimed to determine the excess death 

count in southern Iran during the first year of the COVID-19 
pandemic (February 20, 2020 to February 19, 2021) using 2 
different methods. The study population consisted of around 
5 000 000 individuals living in the regions under the coverage 
of the Shiraz University of Medical Sciences in Fars Province. 

For this study, we collected weekly death counts by linking 
2 data repositories, using the national identification number 
as the common identifier. The first repository used was the 
National Death Registry (NDR), from which we obtained indi-
vidualized data on reported deaths, as well as their underlying 
cause (identified by International Classification of Diseases, 
10th revision codes) and date. We retrieved weekly datasets 
from the NDR for the first year of the COVID-19 pandemic and 
the preceding 5 years, with a similar time frame. The study also 
utilized a second repository, the Medical Care Monitoring Cen-
ter (MCMC), which is an administrative database that contains 
information on all hospitalizations, between-ward transfers, 
and between-hospital transfers due to suspected COVID-19. 
The purpose of this dataset was to recheck the causes of death 
during the first year of the COVID-19 pandemic since some 
deaths attributed to COVID-19 may have been misclassified as 
other causes of death in the NDR.

Initially, deaths that occurred in the hospital and were re-
corded in the MCMC repository were used to confirm COVID- 
19 as the cause of death for patients who had been linked to 

the NDR repository. Individuals who had been linked to the 
MCMC repository, discharged from COVID-19 wards, but died 
within 30 days (30-day COVID-19 deaths), were also considered 
COVID-19-related deaths, regardless of the cause of death re-
ported in the NDR repository [10]. Lastly, the individualized 
data were converted into weekly data for all-cause death counts, 
which were then categorized by age group, sex, and the most 
common underlying causes such as COVID-19, cardiovascular 
diseases, endocrine/metabolic/nutritional diseases, infectious 
diseases, gastrointestinal diseases, chronic respiratory diseas-
es, and unintentional accidents.

Statistical Analysis
The first model utilized to estimate excess death was the  

P-score, which is a simple measure of excess death, calculated 
based on the assumption that the expected number of deaths 
within a given time frame is equivalent to the average death 
count in the same time frame of the preceding years, usually 
with a 5-year rule of thumb [11,12]. Accordingly, the difference 
between the observed weekly death count during the first year 
of the COVID-19 pandemic and the expected weekly death 
count was used to calculate the weekly excess death count 
[13]. Then, the P-score was calculated as the ratio of the excess 
to the expected, expressed as a percentage, using the follow-
ing formula [14]:

P-score= [(Cumulative observed deaths–Cumulative expected 
deaths)/Cumulative expected deaths]×100

Since the P-score implicitly considers both the population 
size and the age structure, to calculate excess deaths, there is 
an assumption that the population structure of the region 
should have a fixed rate of natural increase and invariable age 
and sex distributions—representing a stable population—
during the last 5 years before and 1 year after the occurrence 
of a massive intervention or interruption (i.e., the COVID-19 
pandemic in our study). By definition, such stable populations 
exhibit stable age-specific fertility and mortality rates over time. 
In this respect, Fars Province did not experience substantial 
population changes from 2015 to 2020 (from approximately  
4 800 000 residents in 2015 to 5 000 000 residents in 2020, 
with an annual +0.98% population growth rate) or any promi-
nent migratory exchanges [15].

The second model was an interrupted time series (ITS) qua-
si-Poisson regression model, which was utilized to estimate 
the mean relative risk (RR) with a 95% confidence interval (CI) 
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of death during the first year of the pandemic. We utilized the 
“its_poisson()” function of the “its2es” R version 4.2.2 (R Foun-
dation for Statistical Computing, Vienna, Austria). The ITS mod-
el compares the fitted, or observed, values with the predicted 
counterfactual values (expected values if the pandemic had 
not occurred) [16]. The counterfactual is predicted by extrapo-
lating the pre-interruption trend into the post-interruption 
period. Each post-interruption time point in the counterfactu-
al model is predicted using the regression equation (the dot-
ted line, perpendicularly above the fitted model). The fitted 
model uses the actually observed post-interruption values (the 
regression line) [17]. Then, the pointwise RR can be calculated 
by dividing each post-interruption time point’s fitted value by 
the counterfactual value. Through averaging these RRs, the 
mean RR is obtained [16]. To account for overdispersion in the 
Poisson regression, the “over_dispersion” argument was in-

cluded in the model. In addition, we included seasonal adjust-
ment using Fourier terms. It is worth noting that Poisson re-
gression tends to yield overestimates (i.e., overdispersion) [16]. 
Furthermore, we also performed 2 different sets of sensitivity 
analyses on sex and age groups (0-4, 5-19, 20-34, 35-49, 50-64, 
and ≥65 years old), which are known to have different mor-
tality risks among COVID-19 patients, to avoid the problem of 
dimensionality.

Ethics Statement 
In this study, the aggregated counts of deaths were acquired; 

that is, no individual data were involved in the design, conduct, 
or reporting, or dissemination plans of this research. Therefore, 
we believe that patient consent for publication is not applica-
ble.

Table 1. Total, sex-stratified, and age-stratified estimated all-cause and disease-specific excess death counts using the averaged 
5-year method and the interrupted time series model during the first year of the COVID-19 pandemic in southern Iran

Variables
Averaged 5-y method Interrupted time series model1

Pre-pandemic 
5-y average2

First year of COVID-19 
pandemic3

Excess death, 
n (P-score)

Slope 
change4 RR (95% CI) p-value

All-cause death count

Total 16 736 22 307 5571 (33.29) 0.008 1.26 (1.19, 1.33) <0.001

Sex

Male 9805 12 958 3153 (32.16) 0.000 1.28 (1.21, 1.36) <0.001

Female 6932 9349 2417 (34.87) 0.009 1.23 (1.16, 1.31) <0.001

Age (y)

0-4 1033 625 -408 (-39.50) -0.003 0.74 (0.66, 0.85) <0.001

5-19 426 446 20 (4.69) -0.007 1.02 (0.88, 1.18) 0.78

20-34 1285 1180 -105 (-8.17) -0.004 1.09 (0.99, 1.20) 0.06

35-49 1528 1917 389 (25.46) 0.008 1.21 (1.12, 1.32) <0.001

50-64 2740 3907 1167 (42.59) 0.010 1.38 (1.28, 1.49) <0.001

≥65 9730 14 232 4502 (46.27) 0.000 1.29 (1.21, 1.37) <0.001

Disease-specific death count

COVID-19 - 2676 - - - -

Cardiovascular diseases 7041 8183 1142 (16.22) 0.000 1.17 (1.11, 1.22) <0.001

Chronic respiratory diseases 1110 1106 -4 (-0.36) -0.010 0.72 (0.65, 0.81) <0.001

Cancers 2304 2272 -32 (-1.39) 0.000 0.85 (0.80, 0.90) <0.001

Gastrointestinal diseases 511 569 58 (11.35) -0.001 0.87 (0.76, 1.01) 0.06

Infectious diseases (COVID-19 excluded) 281 394 113 (40.21) 0.015 1.01 (0.84, 1.20) 0.95

Endocrine/nutritional/metabolic diseases 556 741 185 (33.27) -0.001 1.13 (0.99, 1.29) 0.07

Unintentional accidents 1712 1654 -58 (-3.39) 0.000 0.99 (0.89, 1.09) 0.82

COVID-19, coronavirus disease 2019; RR, relative risk; CI, confidence interval. 
1The COVID-19 pandemic declaration in Iran was set as the interruption point.
2From February 10, 2015 to February 19, 2020.
3From February 20, 2020 to February 19, 2021.
4The coefficient derived from the interrupted time series model output is β3.
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RESULTS

In the first year of the COVID-19 pandemic, the number of 
observed deaths was 22 307, and the expected death count 
was estimated at 16 736. Therefore, the all-cause excess death 
count during this period was 5571 (P-score=33.29%). The ex-
cess death P-score was higher among females (34.87%) and in 
older age groups (i.e., 42.59% in the 50-64-year-old age group 
and 46.27% in the ≥65-year-old age group). Out of the total 
excess deaths, 2676 (48.03%) could be directly attributed to 
COVID-19. The highest excess death P-scores were for infec-
tious diseases other than COVID-19 (40.21%), endocrine/nutri-
tional/metabolic diseases (33.27%), and cardiovascular diseas-
es (16.22%) (Table 1). Figure 1 illustrates the weekly trends of 
observed and expected death counts, as well as the P-scores, 
during the first year of the COVID-19 pandemic.

The ITS analysis showed that the first year of exposure to the 
COVID-19 pandemic resulted in an increased all-cause death 
count (RR, 1.26; 95% CI, 1.19 to 1.33; p<0.001) (Figure 2A). This 
significant increase was observed in both males (RR, 1.28; 95% 
CI, 1.21 to 1.36; p<0.001) and females (RR, 1.23; 95% CI, 1.16 to 

1.31; p<0.001), across all age groups, including the 35-49-year- 
old age group (RR, 1.21; 95% CI, 1.12 to 1.32; p<0.001), the 
50-64-year-old age group (RR, 1.38; 95% CI, 1.28 to 1.49; p<0.001), 
and the ≥65-year-old age group (RR, 1.21; 95% CI, 1.16 to 
1.37; p<0.001). Interestingly, during this period, the all-cause 
death count showed a significant decrease in the 0-4-year-old 
age group (RR, 0.74; 95% CI, 0.66 to 0.85; p<0.001) (Table 1, 
Supplementary Material 1 [Panel One]).

Furthermore, the number of excess deaths from cardiovas-
cular diseases was significantly higher during the first year of 
the pandemic (RR, 1.17; 95% CI, 1.11 to 1.22; p<0.001; Figure 
2B). Conversely, a significant decrease was observed in excess 
deaths from chronic respiratory diseases (RR, 0.72; 95% CI, 0.65 
to 0.81; p<0.001) and cancers (RR, 0.85; 95% CI, 0.80 to 0.90; 
p<0.001). The ITS plots for underlying causes of death can be 
found in Table 1 (Supplementary Material 1 [Panel Two]).

DISCUSSION

This study found that there were 5571 excess deaths in 
southern Iran from February 20, 2020 to February 18, 2021, 

Figure 1. Expected and observed all-cause death counts during first year of the coronavirus disease 2019 pandemic. 
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with a P-score of 33.29% using the 5-year method and a RR of 
26% using ITS analysis. While there was little difference in the 
excess death count between males and females, the count in-
creased significantly with age. Similar studies have also shown 
an increase in all-cause mortality during the same time period. 
For instance, Travis-Lumer et al. [16] used an ITS model to as-
sess the change in all-cause mortality rate in Israel during the 
first 15 months of the pandemic and reported a smaller in-
crease compared to our study (RR, 1.11 vs. 1.26). Scortichini et 
al. [18] conducted a 2-stage ITS analysis to estimate excess 
deaths during the initial 3 months of the COVID-19 pandemic 
in Italy. Their study found a 29.5% increase in expected mor-
tality. Furthermore, their research showed a minor difference 
in the excess death count between males and females (32.1 
vs. 27.7%), with a higher difference in the excess death count 
in older age groups. Similarly, Sandrini et al. [19] used the av-
eraged 5-year method to calculate all-cause mortality during 
the first 4 months of the COVID-19 pandemic in Milan and 
Lodi Provinces, Italy, in the same calendar period. They found 
a significant increase in excess deaths, with an increasing 
trend with age (48.8%; RR, 1.49). This substantial increase in 
all-cause mortality could be attributed to COVID-19 and other 
diseases that may have been influenced by the pandemic, 
such as disease complications (e.g., myocarditis, myocardial 
infarction, and exacerbated heart failure) [4,20], late referral to 
the hospital, reluctance to be admitted by patients or their 
caregivers [7], increased burden on medical facilities and 
healthcare workers in COVID-19 units and wards, neglect of 
routine care delivery by the surveillance system provided be-
fore the pandemic, psychological distress due to the disease 
[21], and the impact of lockdowns, fears, rumors, and misinfor-
mation regarding the pandemic that spread in the society and 
social media [22]. Korea’s approach to the COVID-19 pandemic 
has been successful in preventing an increase in the excess 
death count. This success may be attributed to the country’s 
early and extensive testing, comprehensive epidemiological 
investigations, and the implementation of high levels of miti-
gating actions, such as lockdowns, social distancing, personal 
hygiene, and mask-wearing [23].

We found that fewer than half (48.03%) of all excess deaths 
due to COVID-19 could be directly linked to the disease. This 
suggests that there was a significant number of non-COVID-
19-related excess deaths, which are just as important as the 
confirmed COVID-19 deaths. Essentially, for each registered 
COVID-19 death, we estimated that there were 1.08 additional 

excess deaths in comparison to what would be expected under 
normal circumstances. The “COVID-19 Excess Mortality Collab-
orators” [24] also reported a similar finding that 48.18% of ex-
cess deaths in Iran between January 1, 2020 and December 
31, 2021, could be linked to COVID-19. The proportion of regis-
tered COVID-19 deaths to all-cause excess deaths varied widely 
across countries, ranging from 30% to 197% [25]. We believe 
that these discrepancies could be attributed to differences in 
healthcare systems, policies, internal affairs, geopolitical crises, 
freedom of journalism, and the level of transparency in report-
ing. This highlights the importance of considering the indirect 
effects of a health crisis alongside the direct effects. An impor-
tant lesson that should be learned from the early-era COVID- 
19 strategies is that the influx of patients into healthcare facili-
ties should not lead to neglect of routine care delivery.

We observed a significant 17% increase in deaths due to 
cardiovascular diseases during the first year of the COVID-19 
pandemic, and cardiovascular diseases constituted the most 
prevalent non-COVID-19 cause of excess deaths. Han et al. 
[26] used a negative binomial log-linear regression model to 
estimate excess cardiovascular deaths in the United States 
during the first 2 years of the pandemic and found a lower ex-
cess death rate of 4.9% than that of our study. A similar finding 
was also reported by Mountantonakis et al. [27] in New York, 
United States. The difference in findings could be attributed to 
2 main reasons. Firstly, the indirect health effects of COVID-19, 
such as fear, beliefs, delayed lockdowns, disruption of cardio-
vascular services, and shortages, may cause cardiovascular 
symptoms, resulting in patients ignoring or delaying visits to 
healthcare providers and being neglected by the health sys-
tem. Secondly, cardiovascular events related to COVID-19, 
particularly acute events such as ischemic heart disease, hy-
pertensive disease, cerebrovascular disease, and myocarditis 
[25], are possible during the course of the disease or after re-
covery.

Furthermore, we found that there was a significant reduc-
tion in the risk of excess deaths for chronic respiratory diseases 
and cancers, with a decrease of 28% and 15%, respectively. 
Similarly, Oh et al. [23] conducted a 2-stage ITS analysis in Ko-
rea and reported a decrease of 12.8% in excess deaths due to 
respiratory diseases during the first 11 months of the COV-
ID-19 pandemic. Interestingly, we observed a 26% decrease in 
the all-cause death count in the 0-4-year-old age group. Nega-
tive excess mortality among under-5 children has been re-
ported in data analyses of 80 countries, according to civil reg-
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istration and vital statistic systems and health management 
information systems, indicating no significant changes or few-
er observed deaths for 2020 when compared with expected 
mortality for this age group using historical data [28]. More-
over, a population-based cohort study on all child deaths in 
England found an 11% reduction (RR, 0.89; 95% CI, 0.84 to 
0.93) in all-cause mortality during the first year of the COV-
ID-19 pandemic, compared with the expected mortality rate 
using the previous year’s data. This observation might be at-
tributed to improvements in hand washing and a reduction in 
the expected “winter increase in deaths,” and the subsequent 
reduction in circulation and transmission of infections agents, 
in addition to the inherent rarity of COVID-19 deaths in this 
age group during the first year of the pandemic [29].

Limitation
Although the current study utilized both simple and robust 

time series models to estimate excess deaths, we were unable 
to explore the proportions of different mechanisms contribut-
ing to the excess deaths caused by the pandemic. Further-
more, our investigation only covered the first 12 months of the 
pandemic, limiting our ability to address the potential long-
term direct and indirect effects on mortality.
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