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Abstract
Introduction : This study aimed to investigate overall and age group/region/sex-specific excess all-cause mortality 
from the inception of the COVID-19 pandemic in Iran until February 2022.

Methods Weekly all-cause mortality data were obtained for the period March 2015 until February 2022. We 
conducted interrupted time series analyses, using a generalized least-square regression model to estimate excess 
mortality after the COVID-19 pandemic. Using this approach, we estimated the expected post-pandemic death 
counts based on five years of pre-pandemic data and compared the results with observed mortality during the 
pandemic.

Results After the COVID-19 pandemic, we observed an immediate increase (1,934 deaths per week, p = 0.01) in 
weekly all-cause mortality. An estimated 240,390 excess deaths were observed in two years after the pandemic. 
Within the same period, 136,166 deaths were officially attributed to COVID-19. The excess mortality was greatest 
among males compared with females (326 versus 264 per 100k), with an increasing trend by age group. There is a 
clear increased excess mortality in the central and northwestern provinces.

Conclusion We found that the full mortality burden during the outbreak has been much heavier than what is 
officially reported, with clear differences by sex, age group, and geographical region.
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Introduction
Iran has been one of the countries worst hit by the coro-
navirus disease 2019 (COVID-19) pandemic [1, 2]. The 
country had 6.7 million cases of COVID-19, the twelfth 
most in the world, with 133 thousand officially confirmed 
deaths from the disease as of Feb 11, 2022. As the pan-
demic progresses, precise measurement of its burden, 
across different population groups and geographical 
regions, should be a priority [3]. Estimating the mortality 
burden of the pandemic is pivotal to inform resource allo-
cation and evaluation of public health interventions [4]. 
For example, an accurate understanding of the mortality 
burden of the pandemic is essential in considering the 
trade-offs that underlie political decision making (such 
as public health interventions or economic interventions) 
that must be integrated into pandemic responses at the 
national level [5]. This is particularly true in countries 
heavily affected by the pandemic such as Iran.

COVID-19 pandemic may cause excess mortality both 
in those infected (direct effects) and those affected (indi-
rectly, not infected) by disruption of health services; the 
psychological, physical, and social consequences of dis-
tancing; and economic changes. Therefore, the mortal-
ity burden of COVID-19 cannot be completely captured 
by the analysis of officially reported COVID-19 deaths, 
which itself has also significant drawbacks as it is based 
on a limited testing capacity. One way to estimate and 
monitor the mortality burden of the COVID-19 pan-
demic is to estimate the difference between the observed 
number of all-cause deaths with those expected based on 
the background (pre-epidemic) morality pattern in the 
population [6]. This approach is considered a more reli-
able indicator of the mortality burden of the COVID-19 
pandemic since it is less sensitive to testing capacity, cod-
ing errors, competing risks, and the potential misclassi-
fications in designating the cause of deaths, and as such 
enables international comparisons [7, 8].

Recently, national authorities of countries have been 
urged to publicly release weekly all-cause mortality data 
at a high spatial and temporal resolution to facilitate the 
evaluation of mortality burden of the pandemic [9, 10]. 
According to these international recommendations, 
the National Organization for Civil Registration of Iran 
(NOCR) has replaced the previous style of reporting of 
aggregated seasonal all-cause mortality data with detailed 
weekly reporting of all-cause mortality by gender, age 
group, and geographical regions. This has made an 
unprecedented opportunity to investigate the mortality 
burden of the COVID-19 pandemic within the country.

Up to date, to the best of our knowledge, only two stud-
ies have investigated mortality burden of the COVID-
19 pandemic in the country using a previous version of 
aggregated trimester mortality data [11, 12], while there 
are no comprehensive studies that have looked at the 

impact of COVID-19 on all-cause mortality trend using 
detailed weekly mortality data in term of regions, gender, 
and different age groups. Because of the limited number 
of yearly data points in these studies (i.e., one data point 
for every season), the use of rigorous statistical models to 
capture changes in mortality trends was not practically 
possible [13, 14]. Thus, the present study investigates 
overall and age-group/province/sex-specific excess all-
cause mortality from the inception of the COVID-19 
pandemic until February 2022 in Iran to understand the 
mortality burden of the pandemic in Iran.

Methods
We conducted a retrospective, quasi-experimental, 
observational study on the effects of COVID-19 pan-
demic on the all-cause mortality trend in Iran. We used 
an interrupted time-series design to examine changes 
in mortality patterns following the COVID-19 pan-
demic. Specifically, we investigated the association of 
the COVID-19 pandemic with immediate and gradual 
changes in trends of mortality in Iran.

Data
We used data from the NOCR, which contains weekly 
information regarding the number of all-cause deaths in 
Iran between March 2015 and February 2022. The choice 
of this period was based on widely adopted practices 
from previously published relevant studies. This dataset 
constitutes at least 92% of all deaths in the country [15]. 
Death counts were aggregated initially without stratifica-
tion (national data) and then across age-group, gender, 
and province strata. We used the latest version of pub-
licly available national and provincial census data (2016) 
to report our findings per 100k population.

Statistical analysis
Interrupted time series analysis, as one of the most robust 
quasi-experimental designs [16], was used to estimate the 
effect of the COVID-19 pandemic on the all-cause mor-
tality trend. This analytical approach uses time-series 
data (i.e., data collected through repeated measurements 
over time) before and after an exposure (e.g., COVID-19 
pandemic) to establish a causal association between the 
exposure and an outcome of interest (e.g., death counts) 
[17].

As the first step, we presented descriptive statistics 
including a visual inspection of series over time and sum-
mary statistics before and after the COVID-19 outbreak 
in the country. Although the intuitive graphical presen-
tation of results can often reflect potential changes in 
level and/or trend of the outcome of the interest, this 
approach implements a two-stage regression analysis 
to assess change and control for other potential effects. 
Therefore, we fitted a linear model using generalized least 
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squares to each segment (i.e., pre-and post-pandemic 
period). Our regression model specification included the 
following terms:

 
Y _t = β_0 + β_1t + β_2X_t + β_3X_t(t − t_0)

+e_t

Here, Y_t is the number of deaths in week t; t represent 
the time elapsed since the start of the observation in 
weeks; t_0 is the first time point of the pandemic; X_t is 
an indicator for time t occurring before (X_t = 0) or after 
(X_t = 1) the pandemic in the country. In this model, β0 
estimates the baseline level of the outcome, number of 
all-cause mortality per week, at time zero; β_1estimates 
the change in the number of all-cause mortality that 
occurs each week before the COVID-19 (i.e. the base-
line trend); β_2  estimates the level change in the weekly 
number of all-cause mortality immediately after the 
COVID-19, that is, from the end of the preceding seg-
ment; and β_3  estimates the change in the trend in the 
weekly number of all-cause mortality after the COVID-
19 pandemic, compared with the weekly trend before the 
COVID-19. The sum of β_1  and β_3  is the post-inter-
vention slope. The error term e_t at time t indicates the 
random variability not explained by the model.

To detect autocorrelation, we visually inspect a plot of 
residuals against time and we observed randomly scat-
tered residuals, without a pattern, indicating a lack of 
autocorrelation [18]. We also used The Durbin–Watson 
statistic, to test for serial autocorrelation of the error 
terms in the regression model [19]. Adjustment for 
autocorrelation involves estimating the autocorrelation 
parameter and including it in the segmented regression 
model if necessary. We obtained the order of autocor-
relation based on examining both the autocorrelation 
and partial autocorrelation functions. We also adjusted 
for seasonality by fitting Fourier terms (pairs of sine and 
cosine functions) into our model. We used pairs of sine 
and cosine functions of time with the underlying period 
reflecting the full seasonal cycle. This approach is par-
ticularly suited to capturing very regular seasonal pat-
terns (1). in this regard, we only selected those Fourier 
terms that were found to be statistically significant in the 
regression model.

Separate models were fitted to examine excess mortal-
ity by sex, age group, and province. For post-COVID-19 
weeks, from each model, we produced an estimate of the 
expected number of deaths as follows: we modelled data 
from pre-COVID-19 period, we estimated the underly-
ing secular trend and extrapolated this estimated trend 
to the post-COVID-19 period and created a counterfac-
tual for what would have occurred in the absence of the 
pandemic. We made statistical comparisons between the 

counterfactual and observed mortality pattern to esti-
mate the overall burden of the pandemic.

We used R (version 4.1.2, R Foundation for Statistical 
Computing) and Stata (version 16, Stata Corp, Collage 
Station, Texas, USA) for this analysis. The level of statisti-
cal significance was set at a p-value of less than 0.05.

Results
The weekly all-cause mortality was higher during the 
COVID-19 pandemic compared with the average of 
the previous five years (10,001 versus 7,055). Before the 
COVID-19 pandemic, the total all-cause mortality had 
remained fairly constant for the past five years (p-value 
for the slope of the pre-COVID-19 trend line = 0.07). 
However, right after COVID-19, the estimated number 
of mortalities increased abruptly. The estimated average 
increase in the number of all-cause deaths was 2253 per 
week in the post-COVID-19 period (9,965 deaths) com-
pared with expected death counts on trends in the five-
year pre-COVID-19 (7,712) (p < 0.001). There was not a 
significant change in the week-to-week trend in the num-
ber of deaths after COVID-19 (p = 0·43). Figure 1 shows 
the scatterplot for the weekly mortality, with the super-
imposed regression-based time trends (See this figure 
with unsmoothed seasonal pattern in Supplementary 
File, Sect. 1).

By the last week of the observation period (February 
19–25, 2022), we estimate that there were 240,390 more 
all-cause mortality than would have been expected if 
the pre-COVID-19 trend had continued (300 deaths per 
100,000 population). Within the same period, 136,166 
deaths were officially attributed to COVID-19 by the 
Ministry of Health. Table  1 presents data on estimated 
changes in level and trend of all-cause mortality as well 
as the number of excess deaths; overall and by age group 
and sex.

Age and sex
We stratified the interrupted time-series analysis by sex. 
Both sexes had excess deaths. Overall excess mortality for 
men was 331 per 100k and for women was 269 per 100k. 
Excess all-cause deaths were also estimated for all males 
and females by age groups and were higher for men 
in almost all age groups. Figure  2 shows the number of 
excess deaths per 100k population by sex and age group.

We found excess deaths in all age groups. The statisti-
cally significant immediate effect was observed in all age 
groups, measured by whether the trend line shifted up at 
the time the COVID-19 pandemic was announced, but 
> 35 years old population (Table 1). However, for almost 
all age groups, the COVID-19 pandemic was not followed 
by a significant increase in the week-to-week mortality 
trend. The age groups with the largest number of excess 
deaths per 100k population were 85 years or over (with 
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8,447 per 100k in men and 6,501 per 100k in women) and 
75–84 years (with 4,003 in men and 3,939 in women). In 
terms of the absolute number of excess mortalities, the 
population in the age group of 65–74 years had the great-
est number of excess deaths at 55,724, followed by those 
with 75–84 years of age with 52,781 excess mortalities.

Provinces
All-cause mortality trends for provinces during our study 
periods are shown in Fig.  3. The extent of geographical 
differences is clear if looking at the excess mortality.

per 100k by province (Fig. 4). In the map, darker shades 
of colour indicate larger excess mortality per 100k after 
the pandemic. There is a clear increased darkening of the 
hot spots in the central and northwestern provinces.

Among the total population, the highest increase in 
all-cause mortality, in descending order, was observed 
for Chaharmahal and Bakhtiari, Qom, and East Azer-
baijan (> 400 excess deaths per 100,000 population). In 
Sistan and Baluchestan, Kohgiluyeh and Boyer-Ahmad, 
and Hormozgan, the increase was less pronounced 
(< 184 excess deaths per 100,000 population; in ascending 
order).

Fig. 1 Observed (circles), predicted (solid lines), and counterfactual scenario (dash line) for male (black) and females (red)
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Discussion
Understanding the mortality burden of the COVID-19 
pandemic is vital for public health decision making. The 
current study, comparing the pre-pandemic all-cause 
mortality trend with the post-pandemic trend showed 
that more than 240,000 Iranian people died due to the 
COVID-19 pandemic between the formal announcement 
of the outbreak in the country and February 2022, which 
is 1.8 times higher than the formally reported number of 
COVID-19 relate death.

The most obvious finding to emerge from our analyses 
is that the full mortality burden of the COVID-19 epi-
demic has been much heavier than what is reported by 
the official COVID-19 mortality surveillance. The offi-
cial surveillance system reflects only a limited picture 
of the true death toll of the pandemic. A possible expla-
nation for the observed gap between reported severe 
acute respiratory syndrome coronavirus 2 (SARSCoV-2) 
-related mortality and excess mortality may be due to 

underdiagnosis of the disease as a result of insufficient 
testing and reporting challenges. In line with this expla-
nation, previous reports from Iranian health authorities 
suggest that a significant portion of suspected inpatient 
cases are not being tested for SARS-Cov-2 infection due 
to the limited number of test kits [20]; nevertheless, they 
are treated for SARS-Cov-2 infection based on their clin-
ical symptoms. Another possible explanation for this is 
increased mortality from other diseases due to the pan-
demic-related disruptions in the provision of and access 
to routine health services.

The estimated excess all-cause mortality during the 
COVID-19 pandemic makes this disease one of the 
potential leading causes of death in Iran, considering pre-
pandemic trends of other causes of death [21]. We were 
unable to divide the full mortality burden of the COVID-
19 epidemic into those directly because of SARS-CoV-2 
infection and deaths resulted from changes in other 
causes of death, due to the unavailability of national 
causes of deaths data with stratification by cause. There-
fore, the results of this interrupted time series analy-
sis quantify the full mortality burden of the COVID-19 
pandemic in the country, not just the mortality burden 
directly due to SARS-CoV-2 infection.

We observed marked geographical differences in 
excess mortality burden in the country. The most inter-
esting finding was that there is a strong northwest-to-
southeast geographical gradient in the mortality burden 
of the COVID-19 pandemic in Iran. As it has been dis-
cussed in the literature, these regional differences may 
be partly due to seasonality patterns and more spe-
cifically the potential role of meteorological conditions 
influencing host susceptibility to infection and modes of 
transmission [22, 23]. There are, however, other possible 

Table 1 Estimated effects of COVID-19 pandemic on all-cause deaths in Iran over two years
Age 
group

Sex Pre-covid 
intercept

Pre-covid 
trend

Immedi-
ate level 
change

Post-cov-
id trend

Expected post-
covid mortality

Observed 
post-covid 
mortality

Total excess 
mortality

Excess 
mortality 
per 100k

All ages Both 6601 + 3.583 1934*** + 6 809,767 1,050,157 240,390 300
Male 3716 + 1.9 1164.5** + 1.8 454,774 588,988 134,214 331

Female 2885 + 1.5 773.7*** + 4.1 354,869 461,169 106,300 269

0–34 yr Male 618 − 0.2*** + 19.0 + 0.4* 57,329 61,755 4426 18

Female 451 -0.3*** -6.3 + 0.9*** 35,632 40,055 4422 18

35–54 yr Male 540 + 0.3 + 135.9** + 1.3 66,572 89,010 22,438 207

Female 260 + 0.2 + 43.2 + 1.5* 35,087 49,219 14,132 134

55–64 yr Male 502 + 0.4* 167.4** + 0.7 67,532 89,863 22,331 739

Female 301 + 0.2 + 79.3 + 1.2 39,891 56,471 16,580 517

65–74 yr Male 529 + 0.7** + 239*** + 0.8 80,892 111,663 30,771 2164

Female 434 + 0.6** + 163.2* + 1.1 67,417 92,370 24,953 1555

75–84 yr Male 920 -0.1 339.1*** -0.6 92,671 124,987 32,316 4003

Female 809 + 0.1 + 269.7*** + 0.1 86,953 116,418 29,465 3939

85 + yr Male 597 + 0.09*** + 200.0*** -0.2 92,130 111,710 19,580 8474

Female 619 + 0.8*** + 168.0*** -0.6 92,500 106,636 14,135 6501
*P < 0.05, **P < 0.01, ***P < 0.001

Fig. 2 Age- and sex-specific excess deaths per 100 000 population in Iran 
from February 2020 to February 2022
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explanations. The provinces with lower excess mortality 
are mainly provinces with lower population density. This 
finding accords with earlier observations, which showed 
that higher population density is significantly associated 
with both COVID-19 infection and mortality. Moreover, 
potential socio-economic variability at this geographi-
cal level may be meaningful [24, 25]. Also, variations in 
demographic and immunological profiles in the prov-
inces, including age structure, may result in variations in 
mortality burden during this pandemic [26].

The current study found that the excess deaths were 
driven by excess deaths in both females and males. 
However, stratified analyses indicate differences in the 
overall mortality burden by sex. Mortality burden was 
higher in men compared with women across almost all 
age groups, consistent with previous COVID-19 mortal-
ity burden studies [27]. The reasons for such differences 
are still debated. This finding is likely to be related to the 

potential differences in exposure, susceptibility (e.g., as 
perhaps related to sex hormones), or health outcomes 
[28]. In addition, the debate over social aspects of gender 
(e.g., greater likelihood of healthy habits among women 
compared to men) and healthcare-seeking behaviours are 
long standing [29, 30]. In the case of COVID-19, robust 
evidence is needed to inform these debates.

The increased mortality burden with age observed in 
this analysis corroborates with numerous studies across 
the world investigating excess mortality due to the 
COVID-19 pandemic [27, 31]. Age is one of the main risk 
factors for COVID-19-related mortality. The progressive 
accumulation of multiple chronic conditions over age-
ing [32] increases individuals’ exposure to developing 
cognitive and physical impairments, increasing their vul-
nerability to the onset of infectious diseases and severe 
outcomes. But one unanticipated finding from this study 
is that more than a third of the absolute number of excess 

Fig. 3 All-cause mortality trend before and after the COVID-19 pandemic in Iran, by province
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mortalities were in those younger than 65 years, indicat-
ing that excess mortality due to the COVID-19 pandemic 
is not just an issue for elder.

Strengths and Limitations
To our knowledge, this is the first peer-reviewed report 
on excess mortality due to the COVID-19 pandemic in 
Iran using weekly all-cause mortality data. Our study 
benefits from the application of a rigorous and advanced 
interrupted time series analysis approach, allowing con-
trol of potential biases of time series data such as auto-
correlation, seasonality, or non-stationarity which were 
not considered in most of the previous studies investi-
gating the pandemic’s true death toll. In this analytical 
approach, we adjusted for baseline trends which helped 
us to control for most threats to internal validity. Sensi-
tivity analysis suggests our results are robust. The results 
of this study were also robust to sensitivity analysis for 
assessing potential cofounding effect of changes in mean 
monthly temperature (supplementary file, Sects.  2–3) 
and type of regression models used (supplementary file, 
Sect.  4) on relationship between COVID-19 outbreak 
and excess all-cause mortality.

Some limitations must, however, be acknowledged. 
One important challenge in almost all excess mortal-
ity assessments is the issue of delays in reporting deaths 
within and between study countries, making it difficult 
to compare international findings. Therefore, national 
authorities should try to implement digital reporting of 
mortality data as well as rapid publishing of the data to 
the public health community. Implementation of such 
reporting systems not only facilitates tracking the out-
comes of this pandemic and potential future outbreaks, 
but it makes it easier to investigate the effect of inter-
ventions on mortality burden. Another limitation of our 
results is that, due to the unavailability of cause-specific 
mortality data, we were unable to disentangle the specific 
causes of excess death during this pandemic.

Conclusion
In conclusion, we have used an interrupted time series 
analysis approach to provide a detailed picture of excess 
all-cause mortality due to the COVID-19 pandemic dur-
ing the first two-year period in Iran. The results of the 
present study suggest that the mortality burden of the 
ongoing COVID-19 pandemic has been more tremen-
dous than reported by official SARS-CoV-2 infection. 

Fig. 4 Geographic distribution of excess mortality after COVID-19 pandemic in Iran
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The official surveillance system reflects only a limited 
picture of the true death toll of the pandemic. We have 
pointed out that there are clear differences in excess mor-
tality by sex, age group, and geographical region. Fur-
ther work is required to establish the differential pattern 
across regions and subgroups and the potential impact of 
national or local interventions during the outbreak.

Legends.
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