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A B S T R A C T

Background: Mortality surveillance provides a crucial method for monitoring disease activity.
Coronavirus disease 2019 (COVID-19) can cause excess mortality both directly and indirectly by
increasing deaths from other diseases. The aim of this study was to investigate the effects of COVID-19 on
mortality in Oman.
Methods: A cross-sectional retrospective analysis of mortality data from 1 January 2015 to 16 August 2020
was undertaken. Baseline mortality estimated using the Farrington flexible model and excess mortality
were calculated for the pandemic period (16 March–16 August 2020) according to cause of death, place of
death and age group.
Results: During the pandemic period, there was a 15% [95% confidence interval (CI) 14–17] increase in all-
cause mortality from baseline. When classifying by cause, there was a 9% (95% CI 5–12) increase in deaths
due to respiratory diseases, a 2% (95% CI 1–4) increase in deaths due to infectious diseases and a 9% (95%
CI 8–11) increase in unclassified deaths. In terms of place of death, 12% (95% CI 11–14) of excess mortality
occurred in hospitals and 7% (95% CI 5–8) occurred in homes during the pandemic period. Patients aged
>60 years recorded a 15% (95% CI 13–16) increase in all-cause mortality during this period.
Conclusion: The COVID-19 pandemic has resulted in a 15% increase in all-cause mortality in Oman, mainly
as a result of deaths from COVID-19. However, unclassified deaths, deaths due to respiratory diseases and
deaths due to infectious diseases have also increased, enforcing the need for a holistic approach and
appropriate coordination of health services during such health crises.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), first emerged
in December 2019 in Wuhan, China, and spread rapidly across the
world. In Oman, the first imported case was diagnosed on 24
February 2020 (Wahaibi et al., 2020). Until mid-August 2020, there
was ongoing community transmission, with a total of 79,701
confirmed cases of SARS-CoV-2 infection and 488 deaths in Oman.
The estimated number of infected individuals based on a national
sero-survey for the same time period was 507,256, which indicates
a case fatality rate (fraction of deaths among infected cases) of 0.1%
(Oman News Agency, 2020).

Mortality surveillance provides crucial information for health-
care systems about population-level disease progression, and
guides the development of public health interventions and
assessments of their impact. Concerns have been raised about
the increasing number of deaths from COVID-19 and its impact on
the healthcare system, and indirect effects of COVID-19 on the
increasing numbers of deaths have also been documented. This
includes increasing deaths from non-communicable diseases
(NCDs) (World Health Organization, 2020a), deaths related to
increased healthcare-associated infections (antimicrobial-resis-
tant pathogens and candidiasis), and other categories of deaths
unrelated to SARS-CoV-2 infection (Lansbury et al., 2020;
Weinberger et al., 2020).

The limited availability of viral testing and the imperfect
sensitivity of the tests may have resulted in not counting some
deaths from COVID-19, and counting other deaths more than once
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One of the most important methods of mortality surveillance is
he monitoring of cause of death as reported by healthcare
acilities using a death certificate and/or the 10th revision of the
nternational Statistical Classification of Diseases and Related
ealth Problems (ICD-10) coding system. Estimated excess
ortality due to an emerging infectious agent is a commonly
sed method for assessing the increased number of deaths beyond
hat would be expected if the pathogen had not circulated
Weinberger et al., 2020). The aim of this study was to investigate
he effects of COVID-19 on mortality in Oman using a 5-year
opulation mortality data analysis from 2015 to 2020.

ethods

ata source

This was a retrospective cross-sectional analysis of daily
ortality data, extracted from the Al-Shifa system which is a
omprehensive electronic healthcare information management
ystem that was developed by the Ministry of Health (MoH),
man. It is installed in more than 200 MoH healthcare facilities
n Oman of different sizes and capacities. Other health recording
ystems (private and non-MoH) in Oman were not included in
his study. All mortality data in the Al-Shifa system were
cquired from 1 January 2015 to 16 August 2020 for nationals
nd non-nationals. The variables included were: date of death,
ge at death, nationality, ICD-10 code for direct cause of death,
nd place of death (home or hospital). To calculate the crude
ortality rate (CMR), annual population data were taken from

he National Centre for Statistics and Information, Oman for
016–2020.

tudied causes of death

ICD-10 codes indicating the direct cause of death were divided
nto characters and numbers in the dataset. The entire dataset was
lassified as ‘all-cause mortality’, and specific characters,

represented as letters, were divided and classified as per ICD-10
code (World Health Organization, 2020b). Only certain ICD-10
codes were used in this study depending on the number of deaths:
‘A’, infectious diseases; ‘I’, cardiovascular diseases; and ‘J’,
respiratory diseases. The code ‘U’ in the data was used for deaths
from COVID-19. The codes ‘S’, ‘T’, ‘V’ and ‘Y’ were all listed as injury
and poisoning.

Statistical analysis

Baseline characteristics of the data were described using
percentages for categorical data, and medians and interquartile
ranges (IQR) for continuous variables. Data were categorized by
pandemic periods, and compared using Pearson’s Chi-squared test
of independence for categorical data and the Wilcoxon rank-sum
test for continuous data. The trend in the daily number of deaths
divided by cause of death was plotted in ggplot package in R
software (Wickham, 2016), and the trend was estimated using a
generalized additive model. Death was represented as CMR per
100,000 population.

The Farrington flexible model was used to estimate the
expected daily deaths classified by cause of death, place of death
and age group for the pandemic period (16 March–16 August 2020)
to compare deaths from COVID-19 and non-COVID-19 deaths. This
model used historical data from 1 January 2015 to 16 August 2020
to calculate the expected daily deaths for the pandemic period (16
March–16 August 2020). The model uses a generalized linear
model with Poisson distribution controlling for seasonality (Höhle
and Mazick, 2010). Excess mortality was calculated as the
difference between observed number of deaths and the expected
number of deaths in the period of study. The proportion of excess
mortality was calculated as the sum of all excess deaths divided by
the sum of all expected deaths in that time period (Woolf et al.,
2020). To calculate excess mortality by cause of death, place of
death and age group, the model was run with data divided for these
subgroups. For place of death and age group, injuries and poisoning
were excluded because of the increasing numbers of deaths out-of-

able 1
emographic characteristics of deaths recorded in Ministry of Health institutes from 1 January 2015 to 16 August 2020.

Before pandemic period:
1 January 2015–15 March 2020
(n = 29,218)

Pandemic period:
16 March–16 August 2020
(n = 3484)

Total cases
(n = 32,702)

P-value

Age (years) Median (IQR) 61.5 (32.0–75.9) 65.5 (42.4–78.3) 62.0 (33.3–76.2) <0.001
Sex Female 11,461 (39.2) 1345 (38.6) 12,806 (39.2) 0.489

Male 17,757 (60.8) 2139 (61.4) 19,896 (60.8)
Nationality Non-Omani 4624 (15.8) 531 (15.2) 5155 (15.8) 0.384

Omani 24,594 (84.2) 2953 (84.8) 27,547 (84.2)
Brought in dead No 25,518 (87.3) 3143 (90.2) 28,661 (87.6) <0.001

Yes 3700 (12.7) 341 (9.8) 4041 (12.4)
Disease (ICD-10 code) COVID-19 (U) – 376 (10.8) 376 (1.1) <0.001

Cardiovascular diseases (I) 5593 (19.1) 471 (13.5) 6064 (18.5)
Congenital malformations (Q) 919 (3.1) 69 (2.0) 988 (3.0)
Contact with health services (Z) 532 (1.8) 69 (2.0) 601 (1.8)
Diseases of the ear and mastoid process (H) 5 (0.0) 1 (0.0) 6 (0.0)
Endocrine and metabolic (E) 394 (1.3) 40 (1.1) 434 (1.3)
Gastrointestinal diseases (K) 713 (2.4) 57 (1.6) 770 (2.4)
Genitourinary diseases (N) 684 (2.3) 63 (1.8) 747 (2.3)
Infectious diseases (A and B) 3387 (11.6) 290 (8.3) 3677 (11.2)
Injury and poisoning (S, T, V and Y) 1406 (4.8) 70 (2.0) 1476 (4.5)
Mental and behavioural (F) 33 (0.1) 1 (0.0) 34 (0.1)
Musculoskeletal diseases (M) 87 (0.3) 9 (0.3) 96 (0.3)

Neoplasms and haematological (C and D) 2077 (7.1) 181 (5.2) 2258 (6.9)
Nervous system (G) 381 (1.3) 14 (0.4) 395 (1.2)
Pregnancy and childbirth (O and P) 1677 (5.7) 128 (3.7) 1805 (5.5)
Respiratory diseases (J) 2433 (8.3) 255 (7.3) 2688 (8.2)
Skin diseases (L) 124 (0.4) 11 (0.3) 135 (0.4)
Unclassified 8773 (30.0) 1379 (39.6) 10,152 (31.0)

R, interquartile range; COVID-19, coronavirus disease 2019; ICD-10, 10th revision of the International Statistical Classification of Diseases and Related Health Problems.
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hospital and in middle-aged people in these categories. All
statistical analyses were performed using R Version 4.0 (R
Foundation for Statistical Computing, Vienna, Austria) (R Core
Team, 2020) and the surveillance library (Meyer et al., 2017).

This study was approved by the Directorate General for Disease
Surveillance and Control. There was no need for consent as the
study was anonymous and used data produced for public health
purposes.

Results

In total, 32,702 deaths were registered in the Al-Shifa electronic
system from 1 January 2015 to 16 August 2020, and 3484 deaths
were recorded during the pandemic period. The median age at
death was 62.4 (IQR 33.3–76.2) years. Males accounted for 60.8% of
deaths, 84.2% were Omani and 87.6% died in hospital. Table 1
shows the most common causes of death: cardiovascular disease,
18.5%; infectious diseases, 11.2%; and unclassified, 31.0% (only 40%
were coded as ‘unclassified’ in the pandemic period). In total, 367
deaths were coded as COVID-19 deaths in the data from the
pandemic period, representing 10.8% of total deaths, and there was
a 121-case deficit from the nationally announced number of
COVID-19-related deaths for the same period (n = 488).

Figure 1 shows daily CMR per 100,000 population in Oman from
1 January 2015 to 16 August 2020. There was a sharp increase in all-
cause mortality from March 2020, reaching 0.55 per 100,000
population. Classifying the CMR into different causes revealed that
the increase was mainly due to an increase in the number of
unclassified deaths and the addition of deaths due to COVID-19.

The proportions of excess deaths (from baseline) by cause of
death, place of death and age group are presented in Table 2. There
was a 15% [95% confidence interval (CI) 14–17] increase in all-cause
mortality from baseline for the pandemic period (16 March–16
August 2020). Classifying by cause, there was a 9% (95% CI 5–12)
increase in deaths due to respiratory diseases, a 2% (95% CI 1–4)
increase in deaths due to infectious diseases, and a 9% (95% CI 8–11)
increase in unclassified deaths compared with baseline. For place
of death, there was a 12% (95% CI 11–14) increase in hospital deaths
and a 7% (95% CI 5–8) increase in deaths at home for all-cause
mortality for the pandemic period. Table 2 also shows that there
was a 15% (95% CI 13–16) increase in deaths in patients aged >60
years in the pandemic period.

Figures 2–4 show the trends in weekly excess mortality
according to cause of death, place of death and age group. For
all-cause mortality, the weekly excess started in June and peaked in
late July, before decreasing towards the beginning of August 2020.
However, the number of unclassified deaths started to increase in
July and stayed high during August 2020 (Figure 2). Figure 3 shows
that excess hospital deaths accounted for more cases of all-cause
mortality than excess home deaths, whereas home deaths
accounted for more unclassified deaths. In addition, Figure 3
shows that excess mortality from infectious diseases and
respiratory diseases only occurred in hospitals. Figure 4 shows
that the trend in weekly excess all-cause mortality was above
baseline by early June 2020 in patients aged 15–60 years and >60
years. However, by July 2020, the trend in patients aged 15–60
years declined, and excess all-cause mortality was dominated by
patients aged >60 years.

Respi ratory diseases Unclassified

Infectious diseases Injury and poisoning Neoplasms and haematological Pregnancy and childbi rth

All−cause mortality Cardiovascular diseases Congenital mal formations COVID−19
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Figure 1. Time trend of deaths registered by Ministry of Health institutes by International Statistical Classification of Diseases and Related Health Problems (ICD)-10 coded
cause of death, 1 January 2015–16 August 2020. CMR, crude mortality rate; COVID-19, coronavirus disease 2019.
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iscussion

There was a 15% increase in all-cause mortality in the pandemic
eriod (16 March–16 August 2020) compared with baseline. This
as mainly due to excess unclassified deaths and, to a lesser
xtent, deaths due to respiratory diseases and infectious diseases.

in the UK. In addition, excess mortality was seven-fold higher than
baseline in New York City, USA at the peak of the pandemic
(Weinberger et al., 2020), and Woolf et al. (2020) reported 20%
excess mortality in all US cities. In their comparison of excess all-
cause mortality per 100,000 population in 18 countries, Bilinski
and Emanuel (2020) classified countries as high (>25), moderate

able 2
xcess mortality in the pandemic period according to place of death and age group calculated using the Farrington flexible model.

ICD-10 cause of death Subgroup Expected deaths Excess deathsa Proportionb of excess deaths (95% CI)c

All-cause – 3005 462 15 (14–17)
Cardiovascular disease – 718 0 0
Infectious disease – 414 9 2 (1–4)
Injury – 156 0 0
Respiratory disease – 297 25 9 (5–12)
Unclassified – 1383 127 9 (8–11)

Place of death
All-cause Home 1331 87 7 (5–8)
All-cause Hospital 1978 239 12 (11–14)
Cardiovascular disease Home 219 1 0
Cardiovascular disease Hospital 643 0 0
Infectious disease Hospital 427 6 1 (1–3)
Respiratory disease Hospital 294 28 9 (7–13)
Unclassified Home 1198 77 6 (5–8)
Unclassified Hospital 250 34 14 (10–18)

Age group (years)
All-cause <15 627 0 0
All-cause 1–60 1124 95 8 (7–10)
All-cause >60 1827 270 15 (13–16)

D-10, 10th revision of the International Statistical Classification of Diseases and Related Health Problems; CI, confidence interval.
a Excess deaths is the difference between observed and expected deaths (calculated using the Farrington flexible model; only the positive excesses were used in this
nalysis, assuming the negative excess to be zero excess).
b Proportion of excess deaths in subgroups may not add up because they were the product of dividing excess deaths by total expected deaths for each group.
c Calculated using CIs for binomial probabilities.

igure 2. Excess mortality in the pandemic period (16 March–16 August 2020) by International Statistical Classification of Diseases and Related Health Problems (ICD-10)-
oded cause of death.
xcess hospital deaths accounted for more cases of all-cause
ortality than excess home deaths in the pandemic period. Deaths

n ages >15 years (specially in ages >60-year-old) were also higher
n the pandemic period compared to the baseline.

Excess mortality during the COVID-19 pandemic have been
tudied by many authors. Wu et al. (2020) found 35% excess deaths
10
(5–25) or low (<5) excess mortality. Based on this, Oman, with
11.36 excess mortality per 100,000 population, is classified as
having moderate excess mortality.

Similar to the present findings, a pooled estimate of excess all-
cause mortality in Europe was published for the pandemic period
until 3 May 2020, and showed that mortality among patients aged
5
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>65 years was higher in this period compared with the 4-year
baseline, with no excess mortality in younger age groups
(Vestergaard et al., 2020). Similar age group susceptibility of
excess all-cause mortality was also noted in the UK (Sinnathamby
et al., 2020). Excess mortality in this age group reflects the
increased susceptibility of this group for the severe course of the
disease (Onder et al., 2020; Wang et al., 2020).

This study revealed that excess mortality in hospitals and at
home were almost similar. However, excess mortality due to
infectious diseases and respiratory diseases during the pandemic
period occurred only in hospitals. Early in the pandemic, hospitals

underlying chronic conditions or secondary bacterial infections, as
is the case for influenza (Simonsen and Viboud, 2012). Further-
more, excess mortality in hospitals may be attributed to increased
healthcare-associated infections (antimicrobial-resistant patho-
gens and candidiasis) (Lansbury et al., 2020).

In this study,10.8% of excess mortality was attributed directly to
COVID-19, leaving 5% of the total excess mortality (estimated as
15%) due to other causes, mainly unclassified (40% of deaths were
coded as ‘unclassified’ during the pandemic period, see Table 1).
These excess ‘unclassified’ deaths might be explained by the
increasing excess home deaths in the ‘unclassified’ category
(Figure 3). Overall, this excess mortality in Oman might be
explained by many factors. As a consequence of the pandemic, the
overwhelmed health services have significantly decreased elective
services which mainly target diagnosis of new diseases, care of
patients with NCDs and public health screening programmes,
causing disruption of services dealing with NCDs. The World
Health Organization showed that 75% of 122 surveyed countries
experienced disruption in NCD services during the pandemic
(WHO, 2020a). In addition, the public’s increased fear of COVID-19
or being diagnosed with COVID-19 has significantly affected their
medical-seeking behaviour. Such attitudes were noted particularly
in slums and in communities of low socio-economic status in
Bangladesh, Kenya, Nigeria and Pakistan (Ahmed et al., 2020).

The fact that the data used in this study originated entirely from
national MoH institutes could be considered a limitation. However,
the large sample size for the 5-year period from the same source
enabled a reasonable baseline calculation to investigate the
presence of any deviation from baseline. Therefore, it is believed
that the number of deaths may be higher, but the excess proportion
was more or less acceptable.

Another limitation of this study was the dependency on

Figure 3. Excess mortality in the pandemic period (16 March–16 August 2020) by International Statistical Classification of Diseases and Related Health Problems (ICD-10)
coded cause of death and place of death.

Figure 4. Excess all-cause mortality in the pandemic period (16 March–16 August
2020) by age group.
were overwhelmed by critically ill patients with COVID-19 and
reported 90% mortality rates, compared with 30–40% in recent
studies that reflect typical outcomes for patients with acute
respiratory distress syndrome not associated with SARS-CoV-2
infection (Grasselli et al., 2020). In addition, infection with SARS-
CoV-2 may be the direct cause of death or may exacerbate
106
physicians’ judgement to identify the direct cause of death and its
ICD-10 code. This might explain the high proportion of unclassified
deaths in the data, and the discrepancy between ICD-10-coded
COVID-19 deaths and nationally announced COVID-19-related
deaths (based on a positive laboratory test) for the same period.
Nevertheless, some of the tertiary hospitals in Oman have
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edicated ICD-10 coders who revise all causes of deaths and recode
hem to ensure maximum accuracy.

Excess mortality in the pandemic period, both from COVID and
rom non-COVID causes, was due to the shift of the entire health
ystem towards dealing with the pandemic and disregarding other
auses of death such as NCDs. Collectively, these diseases are more
vident in unfavoured socio-economic communities, which have
uffered disproportionately in terms of the economic impact of the
andemic (Horton, 2020). This merits a holistic approach to the
anagement of this pandemic and appropriate coordination of
ealth services during such health crises.

onclusion

The COVID-19 pandemic in Oman resulted in 15% excess all-
ause deaths (11.36 deaths per 100,000 population), mainly among
atients aged >60 years. Although the majority of the excess
eaths were classified as COVID-19-related deaths, increased
umbers of unclassified deaths, deaths due to infectious diseases
nd deaths due to respiratory diseases re-enforces the importance
f a holistic approach in managing the syndemic effects of COVID-
9. This would involve maintenance of care for patients with
hronic diseases and prevention of healthcare-associated infec-
ions in hospitals during pandemics.
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