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INTRODUCTION disease, and to prevent a health system overflow [1,2].
While lockdowns have shown to be effective to sustain

Many countries have used lockdowns as a primary  reductions of the infection rates [3], and deaths due to
non-pharmaceutical intervention during the COVID-19  covID-19 [4-6], they may also have unintended conse-
pandemic, aiming to control and stop the spread of the  gyences in emotional, social, and economic spheres, and
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could also impact other causes of death and aspects of
public health, such as violence, crime, and mental health
[7-13].

Initial reports have shown that minor crime offenses
decreased in the US during the lockdown, however, seri-
ous crimes (eg, homicide and intimate partner violence)
have either remained constant or increased [14]. A study
in Mexico has described a similar pattern, with a decline
in conventional crime but with a steady trend of homi-
cides during the pandemic [15]. Violence against wom-
en, including feminicides, has also been of great concern
during the pandemic [16-18].

The lockdowns have also impacted mental health,
with an increase in awareness for suicide prevention
during the pandemic [19]. The COVID-19 pandemic has
been associated with moderate-to-severe anxiety, depres-
sion, sleep disturbances, and suicidal ideation [20-22].
Although several countries have reported multiple cases
of COVID-19-related suicides [23], these events seem to
have declined in some regions. In Japan, one study found
that the suicide rate declined by 13.5% since the begin-
ning of the pandemic and subsequent containment mea-
sures [24]. Similarly, an early Peruvian study conduct-
ed by this group, showed that violent deaths, including
suicide, declined during the COVID-19 lockdown period
[25].

As countries gradually emerge from lockdowns,
there is a need to study and understand how population
health patterns have changed during the different phases
of the pandemic. Our previous study focused on the im-
mediate effect after entering the lockdown on external
deaths [25]. The present study aims to expand on this
by describing the trends in non-external (disease relat-
ed), and external causes of death, including homicides,
suicides, and traffic accidents. We further expand on the
previous study by focusing not only on patterns before
and during the national lockdown, but further analyzing
what happened after the reopening of economic activities
in Peru. Although Peru was praised for having an ear-
ly response during the pandemic [26,27], by September
2020 it ranked first in COVID-19 mortality among pop-
ulous countries, with more than 950 deaths per million
population [28] while by December 2020, Peru presented
the highest excess mortality with 2900 excess deaths per
million inhabitants [29].

MATERIALS AND METHODS

Database

This is a descriptive study based on the Peruvian
National Death Information System (SINADEF) [30].
This open database collects death certificates filed by
healthcare professionals nationwide and has been run-

ning since 2017. SINADEF has improved the quality and
coverage of the data in the recent years covering nearly
80% of death certificates in the national territory [31].
In this study, we will focus on nationwide information
on deceased adults (18 years old or older) from January
1*" to December 31* for 2018, 2019, and 2020. Although
there are data available for 2017, we decided to exclude
it given that this was the first year that the SINADEF was
implemented, and the coverage was not optimal in many
regions [32]. Given the lag in the reporting to the system,
we evaluated delays in reporting by downloading the offi-
cial database daily and comparing the number of records
for 25 days. During this process, we determined that the
total number of records for a given date does not change
by more than 1% after 15 days. For this study, we used
the database published on February 10%, 2021, to make
reliable calculations on complete data through December
31

Lockdown

Peru reported its first case of COVID-19 on March
6™, 2020. Ten days later, on March 16", the Peruvian
government declared a state of sanitary emergency, clos-
ing its international borders and suspending economic,
academic, and social activities across the entire country
of 32 million people (20 million adults). Essential ac-
tivities including food supply, pharmacies, and banking
remained active. Moreover, military and police patrolled
the streets to reinforce the lockdown, and a curfew was
instituted from 8 pm to 5 am and for a full 24 hours on
Sundays. Public transport capacity was reduced by half,
and movement between regions within the country was
banned [33].

The de-escalation plan for the COVID-19 lock-
down and the reopening of economic activities in Peru
encompassed four different phases. Phase 1 began in
May 2020, including the resumption of activities such
as mining, construction, commerce, and services related
to tourism such as restaurants and hotels [34]. Phase 2
started in June and expanded the reopening of activities
to agriculture, manufacturing, and professional services
[35]. Phase 3 started on July 1%, and gradually incorpo-
rated almost 100% of productive activities, including the
reopening of retail stores and the lift of the lockdown.
By July 15%, air transport activities at the national level
and services related to air transportation were resumed,
and the lockdown was lifted in 18 of 25 regions. In the
remaining seven regions (mostly in the Highland), with
rising infection rates, lockdowns persisted until July 31*.
The curfew was also reduced to the interval from 10:00
pm to 4:00 am including Sundays [36]. Phase 4 started in
October 1%, with an increase in the capacity of restaurants
to 50% and retail stores to 60%, while the reopening of
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Figure 1. Mortality from non-external causes per macro-region by year and sex. The fitted line is from a LOESS

smoother with bandwidth = 0.3.

international borders and international air travel started
in October 5" with the resumption of flights to six coun-
tries in the Americas region [37]. An annotated timeline is
available in Appendix A: Supplementary Figure 1.

Because Phase 3 marked an important milestone
during the pandemic due to the greatest economic re-
opening of activities and the lifting of the lockdown, we
decided to divide the study period into three intervals: (1)
pre-lockdown: January through March 15%; (2) lockdown
itself: March 16" through June 30™; and (3) post-lock-
down, July 1% to December 31%.

Outcomes

The primary outcome of this study are mortality rates
per 10 million of non-external causes of death and ex-
ternal causes of death. Non-external causes of death en-
compass all diseases or underlying medical conditions,
including communicable, maternal, neonatal, nutritional,
and all non-communicable diseases. External causes of
death include suicides, homicides, and traffic accidents,
and other types of accidental injury. The classification
between non-external and external cause of death and the
specification of each type of external cause of death are
reported in an independent item in the death certificate.
This item was used to identify the type of death, obvi-
ating the need to use the International Classification of
Diseases (ICD) 10 coding, which is underreported in the
death certificates [31].

Because the relatively low count of daily external
deaths, we chose to aggregate the data in bins of 15 days
each to have a uniform time unit throughout our study
period.

To have a measure of mobility and compliance
during the lockdown we used data from the mobile-phone
mobility data provided by Google Community Mobility
Reports. This mobility report uses anonymized data pro-
vided by Google services, such as Google Maps or Goo-
gle Search, to measure visitor numbers to specific cate-
gories of location including residential areas and transit
stations. The mobility report provides the relative change
per day compared to a baseline value for that day of the
week before the pandemic outbreak [38].

Statistical Analysis

Due to the differences in mortality between regions,
we grouped the 25 regions of Peru into four macro-re-
gions based on the main Peruvian ecosystems and the ma-
jor capital cities of the country accounting for one-third
of the population: (1) Lima & Callao (capital region), (2)
Coast (costa), (3) Highland (sierra), and (4) Jungle (sel-
va) [39,40]. See Appendix A: Supplementary Table 1 for
the definition of these regions.

To assess the change in the trends of mortality, be-
fore, during and after the of COVID-19 lockdown we
compared the mortality trends per 10 million population
for non-external deaths and for external-deaths during
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Figure 2. Suicide death rate by sex and year adjusted by macro-region. Panel (a) shows the death rate dividing the
study period based on the grey-shaded lockdown period. Panel (b) shows the death rate dividing the study period
based on the first 5000/10 million non-external deaths. In both panels, solid lines represent best linear fit.

the time bins of 2020 to their counterparts of the years
2018 and 2019. For non-external deaths, the analysis was
stratified by sex and macro-region. Since the low number
of external deaths does not allow for the examination of
stratified trends by region, the analysis was adjusted by
macro-region population and stratified by sex. Because
the macro-regions present the peaks of the pandemic at
different times and not necessarily consistent with the
lockdown times, we also decided to evaluate the mortal-
ity trends before and after the date of the first 5000/10
million non-external deaths among macro-regions.

Non-external deaths are presented in scatter plots
with a LOESS smoother with a 0.3 span, while external
deaths are presented with a linear fit per study period. The
analysis was conducted using R 4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Non-external Causes of Death

Among the four macro-regions the baseline trends
for non-external causes of death were consistent at about
1000 deaths per 10 million per 15 days during the years
2018 and 2019, without any major difference by sex or
year. In 2020, there was an increase in mortality that oc-
curred at different times among macro-regions. The first
macro-region to reach the pandemic peak was the Jungle

at around 6 weeks after the implementation of the lock-
down, followed by Lima & Callao at around 12 weeks,
the Coast at 13 weeks. The Highland presented its pan-
demic peak 20 weeks after the implementation of the
lockdown, 5 weeks following the lift of the nationwide
lockdown (Figure 1).

The ratio of deaths per 10 million per week between
men and women was around 1:1 during the baseline
years, however, during the pandemic peak, this ratio was
2:1 across all macro-regions (Appendix A: Supplementa-
ry Figure 2).

External Causes of Death

Suicides appeared to have a slight drop compared to
previous years during the first weeks of the lockdown for
both men and women, especially compared to 2019. In
the post-lockdown period, the levels of suicide appear to
have returned to the previous year’s baseline levels by the
end of the year (Figure 2A, Appendix A: Supplementary
Table 2). The change in the trends after the first 5000/10
million non-external deaths also shows a slight decrease
in suicides in the immediate time after, mainly in wom-
en, which eventually returns to levels close to those of
previous years (Figure 2B, Appendix A: Supplementary
Table 2).

Homicides in 2020 presented the highest levels in the
pre-lockdown period. However, during the first week of
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Figure 3. Homicide death rate by sex and year adjusted by macro-region. Panel (a) shows the death rate dividing the
study period based on the grey-shaded lockdown period. Panel (b) shows the death rate dividing the study period
based on the first 5000/10 million non-external deaths. In both panels, solid lines represent best linear fit.

the lockdown, the number of homicides slightly dropped,
with a greater reduction in men (from 39 homicides per
10 million population (95% CI: 30.4, 49.5) to 15 (95%
CI: 10.8, 20.8)) compared to women (from 10 homicides
per 10 million population (95% CI: 5.9, 15.9) to 1.6 (95%
CI: 0.5, 3.9)). During the post-lockdown period the level
of homicides in women approached the level of previ-
ous years (5 homicides per 10 million population (95%
CI: 3.0, 8.2)), while homicides in men remained slightly
below the level of previous years (26 homicides per 10
million population (95% CI: 10.8, 20.8)) (Figure 3A, Ap-
pendix A: Supplementary Table 3). After the first 5000/10
million non-external deaths the change in homicides in
women is less noticeable, however the reduction in men
persisted especially when compared to 2019 (Figure 3B).

Traffic accident deaths presented the biggest drop
among external causes of death. The marked reduction
is clearly noticeable during the lockdown period, from
31 deaths per 10 million population (95% CI: 23.1, 41.2)
to 3.7 (95% CI: 1.8, 6.8) in women and from 59.5 (95%
CI: 48.7, 72.0) to 13.5 (95% CI: 9.7, 18.5) in men. Fur-
thermore, this reduction remained in the post-lockdown
period for both men and women, 8 deaths per 10 mil-
lion population (95% CI: 5.3, 10.8) in women and 35.8
(95% CI: 30.2, 42.0) in men, although the trend in men
appears to be steeper and reached pre-pandemic levels by
the end of 2020 (Figure 4A, Appendix A: Supplementary

Table 4). When the trends were compared after the first
5000/10 million non-external deaths, this reduction was
similar (Figure 4B).

During the first 40 days of the lockdown the mobility
to transit stations was reduced by 80% and the mobility
to residential areas increased by around 40%. After 40
days, the mobility to transit stations increased to nearly
half its average pre-pandemic level, and the mobility to
residential areas decreased to 20%. In post-lockdown pe-
riod, both mobility trends remained constant without fur-
ther change towards the baseline values. However, there
is not a clear change in the trend around the lifting of the
lockdown (Figure 5).

DISCUSSION

This study has described the different trends in mor-
tality due to external and non-external causes of death be-
fore, during, and after the COVID-19-related lockdown
of Peru. The increased mortality due to the COVID-19
pandemic is evident in the trends in non-external causes
of death, which peaked at different times in different re-
gions of the country.

The first COVID-19 case in the Peruvian Jungle
was detected on March 17", one day after the nationwide
lockdown. This first case was apparently a tour guide
who was infected by foreign tourists [41]. Due to the in-
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adequate health system in the region and the limitation in
accessibility for supplies, as there are no roads connect-
ing the main cities in the Jungle with the rest of Peru and
flights were grounded as part of the lockdown, this region
was the first to be hit most dramatically by the pandemic
in Peru [41]. Furthermore, according to a local serologic
study conducted in July, in one of the biggest cities in the
Jungle region, the cumulative incidence of COVID-19
infection was 71%, being among the highest reported
worldwide [42]. However, recent research in Brazil has
shown that these seroprevalence values may be overesti-
mated by cross-reactivity of dengue virus (DENV) anti-
bodies with SARS-COV-2 antibodies [43].

Lima & Callao were the next region to be impacted
by the pandemic with a regrowth in the number of deaths
two weeks after the lockdown ended (Appendix A: Sup-
plementary Figure 3). This increase in deaths is consis-
tent with an increase in mobility (Figure 5) after around
40 days of lockdown, which may be behind this increase.
However, this acceleration in mobility was slowed short-
ly after lifting the lockdown. This might be due to the
reinforcement of protective campaigns that encouraged
people to stay at home and limit family gatherings.
Likewise, the curfew on Sundays had to be resumed in
mid-August as a measure to control the increasing rates
of COVID-19 infection.

The Highland was the macro-region that presented
the last pandemic peak, potentially linked to the reopen-
ing of inter-regional air travel, which restarted 2 weeks
after the nationwide lockdown was lifted [44]. As shown
in Appendix A: Supplementary Figure 5, many of the re-
gions in the Highlands presented higher levels of mortal-
ity weeks after the nationwide lockdown was lifted, with
the subsequent need to prolong the confinement in these
regions for an extra month.

Mental health has been of great concern during the
COVID-19 pandemic, with a special focus on suicide
prevention [45]. We have shown a decrease in suicide in
both men and women right after the start of the lockdown,
with the numbers of suicides getting closer to previous
years levels as the lockdown was coming to an end. In the
post-lockdown period, suicide levels have not exceeded
those of previous years. Although many studies have
pointed out that risk factors for suicide may be aggravat-
ed during the lockdown [46-50], this should be contrasted
with the actual acts of suicide as observed in the pop-
ulation. Due to intrinsic characteristics of the lockdown
in Peru, such as limited mobility, police patrolling, and
strict curfew, access to the usual means to commit suicide
might have been hampered. A study conducted in Peru
describing the characteristics of suicide intentions, found
that more than 50% were planned based on the use of
carbamate-based poison while 38% based on benzodiaze-
pines [51], and access to these substances may have been

limited during the lockdown. Another potential suicide
deterrent may be decreased time living alone during the
lockdown, as living alone is a risk factor for committing
suicide [52,53].

This pattern of decline in suicides has also been re-
ported in Japan, with a reduction of about 15% after the
start of the pandemic [24]. In the same way, Karnataka,
India, reported a decline of nearly half the number sui-
cides during the lockdown, compared to the early months
0f 2020. However, after the lockdown was completed, the
number of suicides rose by 20% [54], contrary to what we
observed in Peru. Although actual acts of suicide might
have resumed to levels comparable to previous years in
our study population, we recognize that we are still in
an early stage of the pandemic and long-term preventive
measures should be kept in place.

Homicides have also been a focus of great concern
during the pandemic. In Mexico, homicides related to or-
ganized crime remained steady during the pandemic [15],
while in the US homicide rates decreased during April
and May of 2020 compared with the previous 3-year av-
erage, with the highest decreased in April [55]. However,
by the end of June, initial reports in the US have shown
a surge of homicides, with a 6% increase compared to
previous years [56]. These increases should be put in con-
text with recent surges in domestic terrorism from white
supremacists in the US [57] and racially motivated police
killings and unrest from associated protests [58].

In our study population, we have shown that homi-
cides in 2020 presented the highest levels in the pre-lock-
down period compared with previous years. Although
Peru is one of the countries with the lowest homicide
rates in the region, these rates have been increasing from
5.4 per 100,000 habitants in 2011 to nearly 8 per 100,000
habitants in 2018 [59]. These increases are potential-
ly related to increases in crime, especially in the last 2
years [60]. Annually, about a third of the population is the
victim of some criminal act, furthermore, the percentage
of crimes committed with a firearm has increased from
7% in 2013 to 11% in 2019 [60]. While we have shown
a slight decrease in homicides during the lockdown,
homicide rates have returned to baseline levels in the
post-lockdown period.

Although most homicides in men might be related
to crime, homicides in women have been related to vi-
olence against women [61,62]. Early data from the US
police departments from various cities have revealed an
increase in police reports and calls due to domestic vi-
olence during March 2020 compared to previous years
[63]. In the same way, the United Nations (UN) has re-
ported an increase of domestic violence in France, Ar-
gentina, and Singapore based on calls to help lines and
police reports [17]. In Mexico, a study found that crimes
against women, reported to national services, presented a
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drop at the beginning of the stay-at-home order, and lat-
er returned to pre-pandemic levels. However, they found
that feminicides remained constant and only decreased in
those places where there was a restriction on the sale of
alcohol [18].

Although we have shown a decrease in homicides
among women during the early weeks of the lockdown,
the levels of homicides in women in the post-lockdown
period have returned to levels similar to those in previ-
ous years. This trend is consistent with the reports by the
Ministry of the Women, which show a marked decrease
in feminicides since the pandemic, compared to previous
years [64]. Early data from Peru, collected from calls to
the National hotline help service, has also shown an in-
creased demand of support services during the lockdown
with a slight decrease 1 month after the lockdown was
lifted [64].

The relaxation of some measures such as constant
patrolling or the curfew, added to the increase in mobili-
ty, could have contributed to the increase in feminicides
after the lifting of the lockdown. However, one aspect
that remains understudied is the increase in the number
of missing women: during the pandemic, 62% of missing
persons were women according the National Police De-
partment [65]. Although there is no reliable data due to
deficiencies in the reporting system, different government
institutions have issued alerts regarding the large number
of reports of missing persons that have been made during
the lockdown compared to previous years [65]. This un-
fortunately shows that part of the decrease in the number
of registered feminicides could be offset by the increase
in missing women.

The most severe change during the pandemic were
deaths from traffic accidents. This decline in mortality
levels is closely related to the decline and mobility pat-
terns during and after the pandemic. Although the mobil-
ity patterns have not fully returned to the baseline levels,
the death rates due to traffic accidents reached pre-pan-
demic levels by the end of 2020.

This descriptive analysis at the national level is one
of the first reports that attempts to describe the entire pic-
ture of the trends of different causes of mortality during
the course of the pandemic, and it is subject to some lim-
itations. The determination of the time when the lock-
down was lifted and the measures that have continued to
be taken to stop the advance of COVID-19 have not been
clear. Although we have presented the results based on
the lifting of the lockdown at the national level, a gradient
of various measures has been presented at different times
that could have affected the trends in mortality in some
ways. Another important point to take into account is the
quality and coverage of records, which used to be a large
cause of concern when using Peruvian vital registration
data due to the presence of severe under-registration of

deaths [32]. However, with the new SINADEF system,
coverage has improved drastically, and a previous study
has shown no major change in quality during the pan-
demic [66]. A second important aspect of data quality is
delayed registration of deaths. However, we checked the
number of records by date of death in serial downloads of
the SINADEEF data and found that after 15 days the num-
ber of records was essentially complete (>99%). We also
did not check for specific causes of death among non-ex-
ternal causes of death, to avoid issues with quality of
coding and limited testing capacity to identify COVID-19
deaths. Therefore, we found total mortality as a reliable
source for monitoring mortality during COVID-19, as re-
ported in other studies [67]. Future studies should also
focus on evaluating the impact of sets of policies to assess
concomitant interventions to the lockdown, considering
the potential for reverse causality and the different effects
of these interventions over time [68].

CONCLUSIONS

Peru has one of the highest mortality rates from
COVID-19 and there is still much to understand about
the indirect impact of the pandemic and the measures tak-
en to control it on different causes of death. Non-external
deaths presented different patterns in relation to time and
the level of mortality among the different macro-regions
in Peru, with the Jungle being the earliest affected region
and the Highlands being the latest one. Suicides and ho-
micides presented an early drop during the first weeks
of the lockdown, followed by a return to previous levels
in the post-lockdown period. Deaths due to traffic acci-
dents fell during the lockdown and remained low in the
post-lockdown period only to reach baseline levels again
at the end of 2020. With the ongoing second wave of the
COVID-19 pandemic, close monitoring and description
of these trends could help identify early changes and take
action to prevent higher rates of death.
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Appendix A: Supplementary material

Supplementary Table 1. Macro-region definition by regions (north to south).

Macro-regions
Coast (costa) Highland (sierra) | Jungle (selva)
Tumbes Cajamarca Loreto
Piura Ancash Amazonas
Lambayeque Huanuco San Martin
- La Libertad Pasco Ucayali
£ | Lima region* Junin Madre de Dios
E Ica Huancavelica
Moquegua Ayacucho
Tacna Apurimac
Arequipa
Cusco
Puno

* Excluding Lima metro area
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Supplementary Table 2. Suicides death rate (adjusted by macro-region) exponentiated intercept and slope (95% CI) from Poisson regression by study

period, year, and sex

Female Male
Period Year | 2018 2019 2020 2018 2019 2020

Pre-Lockdown

Intercept 2.8 (1.1,6.1) 3.2(1.4,6.5) 3.7(1.6,7.4) 13.2(8.4,19.6) | 12.7(8.2,18.8) |22.7(16.1,31.1)

Slope 1.2 (0.9, 1.6) 1.3 (1.0, 1.7) 1.1 (0.8, 1.5) 1.0 (0.8, 1.2) 1.1 (0.9, 1.3) 0.9 (0.8, 1.0)
Lockdown

Intercept 5.5(2.7,9.8) 8.8 (4.6,12.5) | 1.4(0.5,3.5) 9.5(6.1, 14.1) 15.4 (10.8,21.3) | 6.6 (4.0, 10.2)

Slope 0.8 (0.7, 1.0) 0.9 (0.8, 1.1) 1.2(0.9,1.5) 1.1(0.9,1.2) 1.0 (0.9, 1.1) 1.2 (1.1, 1.3)
Post-Lockdown

Intercept 42(2.5,6.7) 4.6(2.8,7.2) 3.2(1.8,5.5) 15.0(11.3,19.6) | 15.1(11.4,19.7) | 12.8 (9.5, 16.8)

Slope 1.0 (1.0, 1.1) 1.1(1.0,1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.1)
Pre 5000/10 million non-external deaths

Intercept 4.0 (1.5,8.6) 7.0(3.5,12.6) |54(2.4,104) 13.0(7.9,20.1) |22.8(15.7,32.1) | 13.8(8.5,21.2)

Slope 0.8 (0.5, 1.3) 0.9 (0.6, 1.2) 0.9 (0.6, 1.3) 0.9 (0.7, 1.1) 0.8 (0.6, 1.0) 0.9 (0.7, 1.1)
Post 5000/10 million non-external deaths

Intercept 4.5(2.5,7.5) 5.2(3.0,8.3) 2.3(1.0,4.5) 16.3 (12.0,21.8) | 17.0(12.5,22.6) | 17.9 (13.3,23.7)

Slope 1.0 (0.9, 1.2) 1.1(1.0,1.2) 1.1 (0.9, 4.5) 1.0 (0.9, 1.1) 1.0 (0.9, 1.0) 1.0 (0.9, 1.0)

Intercept: per 10 million population at the beginning of each time period, Slope: per 15 days per 10 million population
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Supplementary Table 3. Homicides death rate (adjusted by macro-region) exponentiated intercept and slope (95% CI) from Poisson regression by study
period, year, and sex

Female Male

N 2018 2019 2020 2018 2019 2020
Pre-Lockdown

Intercept 3.8(1.6,7.8) 5.9(2.9,10.6) | 10.0(5.9,15.9) 19.9 (14.0,27.4) | 28.6(21.5,37.2) | 39.1 (30.4, 49.5)

Slope 1.0 (0.7, 1.4) 0.9 (0.7,1.2) 0.9(0.7, 1.1) 1.0 (0.9, 1.2) 1.1(1.0,1.2) 1.0 (0.9, 1.1)
Lockdown

Intercept 42(2.2,7.5) 5.4(3.0,9.2) 1.6 (0.5,3.9) 24.7(18.7,32.1) | 28.3(21.9,35.9) | 15.2(10.8, 20.8)

Slope 1.1(0.9,1.3) 1.0 (0.9, 1.2) 1.1(0.9,1.4) 1.0 (0.9, 1.1) 1.0 (1.0, 1.1) 1.1(1.0,1.2)
Post-Lockdown

Intercept 5.13.1,7.9) 6.4 (4.1,9.6) 5.1(3.0,8.2) 29.2 (24.0,35.3) | 27.1(22.1,32.8) | 25.9(21.0,31.6)

Slope 1.0 (1.0, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.1) 1.0 (1.0, 1.0)
Pre 5000/10 million non-external deaths

Intercept 5.9(2.8,10.8) 6.0(2.8,11.1) |0.7(0.1,2.6) 22.9(16.0,31.7) | 32.8(24.3,43.3) | 28.8(20.9, 38.8)

Slope 1.1(0.7,1.5) 0.9 (0.6, 1.3) 2.0(1.1,4.3) 1.0 (0.9, 1.2) 1.0 (0.8, 1.1) 0.9 (0.8, 1.1)
Post 5000/10 million non-external deaths

Intercept 6.2 (3.7,9.9) 8.0(5.1,12.1) |25(1.2,4.7) 28.3(22.4,35.2) |31.4(25.3,38.6) | 21.9 (17.0,28.0)

Slope 1.0 (0.9, 1.1) 1.0 (0.9, 1.1) 1.1(1.0,1.3) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1)

Intercept: per 10 million population at the beginning of each time period, Slope: per 15 days per 10 million population
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Supplementary Table 4. Traffic accident death rate (adjusted by macro-region) exponentiated intercept and slope (95% CI) from Poisson regression by
study period, year, and sex

Female Male

N 2018 2019 2020 2018 2019 2020
Pre-Lockdown

Intercept 22.4(15.9,30.6) | 18.5(12.9,25.8) | 31.2(23.1,41.2) 50.0 (40.2,61.5) | 60.7(49.9,73.3) | 59.5(48.7,72.0)

Slope 0.9 (0.8, 1.1) 1.0(0.9,1.2) 0.8 (0.7, 0.9) 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.0 (0.9, 1.1)
Lockdown

Intercept 22.7(16.8,29.9) | 20.6 (15.2,27.4) | 3.7 (1.8, 6.8) 57.8 (48.4,68.5) | 57.3(48.1,67.7) | 13.5(9.7,18.5)

Slope 1.0 (0.9, 1.0) 1.0(0.9, 1.1) 1.1(0.9,1.3) 1.0 (1.0, 1.1) 1.1(1.0, 1.1) 1.2 (1.1, 1.3)
Post-Lockdown

Intercept 16.3 (12.5,20.9) | 14.7(11.2,19.0) | 7.7 (5.3, 10.8) 64.1 (56.1,73.1) | 63.3(55.3,72.2) | 35.8(30.2,42.0)

Slope 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 1.1 (1.0, 1.1) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.1 (1.0, 1.1)
Pre 5000/10 million non-external deaths

Intercept 25.8(18.2,35.6) | 23.4(16.3,32.5) | 5.8(2.7,10.8) 67.8(55.2,82.4) | 60.2(48.6,73.7) |29.4(21.4,39.4)

Slope 0.8 (0.7, 1.0) 0.9 (0.8, 1.1) 1.0 (0.7, 1.4) 1.0 (0.9, 1.1) 1.1(1.0,1.2) 1.0 (0.8, 1.1)
Post 5000/10 million non-external deaths

Intercept 18.9 (14.2,24.7) | 17.8(13.3,23.3) | 9.3 (6.1, 13.6) 72.4(62.6,83.2) | 78.3(67.9,89.8) | 34.7(28.5,41.9)

Slope 1.0 (0.9, 1.1) 1.0 (1.0, 1.1) 1.0 (0.9, 1.1) 1.0 (1.0, 1.0) 1.0 (0.9, 1.0) 1.1(1.0, 1.1)

Intercept: per 10 million population at the beginning of each time period, Slope: per 15 days per 10 million population
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Supplementary Figure 1. Timeline of the de-escalation plan for the COVID-19 lockdown and
the reopening of economic activities in Peru
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Supplementary Figure 2. Male/female non-external death rate ratio by year and macro-region.
The solid lines represent LOESS smoothers with bandwidth = 0.7.
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Male/Female non-external death rate ratio per year
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Supplementary Figure 3. Mortality from non-external causes in Lima & Callao by sex, year
and region. The solid lines show LOESS smoothers with bandwidth = 0.3.
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Supplementary Figure 4. Mortality from non-external causes in the Coast by sex, year and
region. The solid lines show LOESS smoothers with bandwidth = 0.3.
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Supplementary Figure 5. Mortality from non-external causes in the Highland by sex, year and
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Supplementary Figure 6. Mortality from non-external causes in the Jungle by sex, year and

region. The solid lines show LOESS smoothers with bandwidth =
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