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Citation Hernindez-Viasquez A, Gamboa-Unsihuay JE, To compare excess mortality by district quintiles according to the Human De-
Vargas-Fernandez R, Azafiedo D. Excess mortality in velopment Index (HDI) in Metropolitan Lima, the capital of Peru, and analyze
Metropolitan Lima during the COVID-19 pandemic: A the socioeconomic factors associated with excess mortality within the context

i ' f COVID-19.

district level compatison. Medwave 2020;20(8):e8032 ©
Methods

Doi 10.5867/medwave.2020.08.8032 Retrospective cross-sectional analysis of the mortality records from non-vio-

lent causes registered in the National Death Information System in the 50 dis-
Submission date 17/07/2020 tricts of Metropolitan Lima of the first 24 weeks of the years 2019 and 2020.
Acceptance date 26/08/2020 Descriptive analysis was performed using contingency tables and time series

L graphs by sex, age group, and quintile of the district of residence according to
Publication date 25/09/2020 the HDI. Negative binomial regression model was performed to identify pos-

sible explanatory factors for excess mortality.
Origin Not commissioned

Results
Type of review Externally peer-reviewed by four An excess of 20 093 non-violent deaths and 2,979 confirmed deaths from
reviewers, double-blind COVID-19 were registered in Metropolitan Lima during the study period. The

increase was observed primarily in men and adults aged 60 and over. Residents
in the districts belonging to the fifth quintile, according to HDI, presented, in
most cases, the lowest rates. Multivariate analysis revealed that a higher HDI
health, Peru level (p = 0.009) and a higher proportion of inhabitants living in extreme pov-
erty (p = 0.014) decreased the excess mortality.

Keywords COVID-19, mortality, social determinants of

Conclusion

Excess of non-violent deaths in Metropolitan Lima is higher in the quintiles with the lowest HDI, in men, and the age group from 60 to more
years of age. The study of social and economic health determinants in Peru is crucial for the design of measures to be taken by the government
against the COVID-19 pandemic.

Resumen
Objetivo

Comparar el exceso de muertes segtin quintiles distritales del indice de Desarrollo Humano (IDH) en Lima Metropolitana, capital de Perd, y
analizar los factores socioeconémicos asociados con el exceso de muertes en el contexto de la COVID-19.
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Métodos

Estudio transversal retrospectivo de los registros de mortalidad por causas no violentas registrados en el Sistema Informatico Nacional de Defun-
ciones de los 50 distritos de Lima Metropolitana durante las primeras 24 semanas de los afios 2019 y 2020. Se realiz6 un analisis descriptivo
mediante tablas de contingencia y graficos de series de tiempo por sexo, grupo de edad y quintil del distrito de residencia segun el IDH. Se realiz6
un modelo de regresion binomial negativa para identificar posibles factores asociados con el exceso de muertes.

Resultados

Un exceso de 20 093 muertes no violentas y 2.979 muertes confirmadas por COVID-19 se registraron en Lima Metropolitana durante el periodo
de estudio. El exceso de mortalidad se observé especialmente en hombres y adultos de 60 afios o mas. Los distritos pertenecientes al quintil 5
segtin el IDH presentan, en la mayorfa de los casos, las tasas mas bajas de exceso de muertes. El analisis multivariado hall6 que el IDH (p = 0.009)
y el porcentaje de habitantes en pobreza extrema (p = 0.014) disminuyen la tasa de exceso de muertes en Lima Metropolitana.

Conclusiones

El exceso de muertes no violentas en Lima Metropolitana es mayor en los quintiles con el IDH mads bajo, en los hombres y en el grupo de edad
de 60 a mas afos. El estudio de los determinantes sociales y econémicos de la salud en Pert es fundamental para el disefio de las medidas que

debe tomar el gobierno contra la pandemia de COVID-19.

Main messages

e In Metropolitan Lima, there was an excess of 20 093 non-violent deaths during the first 24 weeks of 2020 compared to the previous

year.

e  Excess of non-violent deaths in Metropolitan Lima is higher in the quintiles with the lowest Human Development Index, in men,

and the age group from 60 to more years of age.

e We recommend the replication of this analysis during different stages of the pandemic as a proxy indicator of the impact of the

measures implemented by the Peruvian government.

Introduction

The current pandemic caused by the SARS-CoV-2 virus has regis-
tered unprecedented morbidity and mortality figures in the 21st cen-
tury. Up to the end of June 2020, nine and a half million cases had
been reported, with almost half a million deaths worldwide seven
months after its inception'. Peru is one of the most affected Latin
American countries with more than 250 000 cases and almost 9000
deaths from this disease!. In addition, Peru is among the 15 countries
with the highest number of deaths worldwide, with higher figures
than countries such as China, a country with a 42-fold greater pop-
ulation density!. For this reason, based on the incidence, severity,
and deaths from COVID-19, health systems have collapsed, gener-
ating a global health crisis.

Recent reports point to excess mortality during the COVID-19 pan-
demic, mainly in European countries. Spain, the United Kingdom,
and Italy have the highest figures for excess mortality per million
inhabitants (between 800 and 900 deaths per million inhabitants)?.
Despite the eatly prevention measures implemented by the govern-
ment of Peru, the country ranks sixth with an excess of 400 deaths
per million inhabitants. Likewise, regarding registration of the num-
ber of fatalities compared to the averages of previous years, Peru
ranks first, with an excess of registrations greater than 100% com-
pared to the usual figures?, possibly due to the lack of care in severe
cases, the shortage of hospital beds and intensive care units, and the
lack of timely treatment of patients with chronic diseases as a con-
sequence of the pandemic.
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Most countries have established mandatory lockdowns as a home-
based prevention model due to the lack of an effective treatment or
vaccine against SARS-CoV-2. However, this model can present se-
rious limitations for vulnerable families living in socioeconomic con-
ditions that do not favor lockdown compliance’. It has been re-
ported that a lower socioeconomic level and the absence of formal
education were associated with a higher risk of COVID-19 infection,
with a relative risk of 2.19 for the lowest quartile versus the least
poor (95% confidence interval: 1.80 to 2.66) and a relative risk of
2.00 for those without certified educational level compared to those
with a university degree (95% confidence interval: 1.66 to 2.42)4
However, most studies focus on clinical or therapeutic aspects. They
do not consider the evaluation of socioeconomic factors, or other
potentially important factors such as ethnicity for the identification
of the population with increased risk of incidence, transmission, se-
verity, or mortality from COVID-19°. In a country with marked in-
equalities such as Peru, the study of these factors is relevant during
this pandemic.

In 2016, Peru implemented the National Death Information System
(SINADEEF in Spanish), a national system of electronic web regis-
tration of deaths, which currently records the majority of fatalities in
Metropolitan Lima, the capital of PeruS. This information allows the
evaluation of mortality figures by economic and sociodemographic
characteristics at the district-level in Metropolitan Lima. The pur-
pose of this study was to compare excess mortality by district quin-
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tiles according to the Human Development Index (HDI) in Metro-
politan Lima and explore the socioeconomic factors associated with
excess mortality within the context of COVID-19 in the districts of
Metropolitan Lima.

Methods

Study design and data source

We performed a retrospective analysis of the mortality data regis-
tered in the districts of the province of Lima (n = 43) and the Con-
stitutional Province of Callao (n = 7), which are a part of Metropol-
itan Lima with a population of more than 9 million inhabitants in
2017. Districts are the smallest political-administrative units of terri-
torial organization. The records of 49 855 deaths from the 50 dis-
tricts of Metropolitan Lima due to non-violent causes occurring in
the first 24 weeks of 2019 and 2020 were included. A total of 43 753
of the total death records are from the province of Lima and the rest
from the Constitutional Province of Callao. For this study, data was
collected from various sources of information: deaths were taken
from the SINADEF and MINSA through the National Open Data
Platform. In turn, the socioeconomic characteristics by district were
taken from the National Census 2017 through REDATAM and the
National Center for the Strategic Plan (CEPLAN in Spanish). Fi-
nally, data related to access to public services and mobility were ex-
tracted from the National Census of Supply Markets and the official
web pages of Line 1 of the L.ima Metro and the Metropolitan Rapid
Transit Bus System.

Study variables

The excess of non-violent deaths in each district was obtained from
the difference in total deaths from non-violent causes in the first 24
weeks of the year 2020 and the same period in 2019. The excess of
deaths was expressed for every million inhabitants taking into ac-
count the population of each district in the 2017 National Census.

The following socioeconomic variables were considered as possible
explanatory factors for excess mortality: the HDI, population den-
sity, percentage of the population in poverty and extreme poverty,
inhabitants over 60 years of age, the self-identified Afro-Peruvian
population, the population working in the same district, and houses
with access to water from the public network with a computer and
internet access. The availability of services was represented by the
number of supply markets, health facilities, Metropolitan stations,
and the number of metro Line 1 stations in each district. Control
variables considered in each district were population size, area (in
kilometers squared), and the number of days since the first death
from COVID-19 in the district.

Data analysis

A descriptive analysis of excess of mortality was performed using
contingency tables and time series graphs to explore the behavior of
this variable by sex (male and female), age group (0 to 11, 12 to 17,
18 to 29, 30 to 59, 60 and over), and quintile of the district of resi-
dence according to the HDI (Q1 [districts with the lowest HDI], Q2,
Q3, Q4 and Q5 [districts with the highest HDI]), as well as their
weekly evolution during the study period. In addition, the presence
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of trends in the time seties of excess mortality was evaluated using
the Kwiatkowski-Phillips-Schmidt-Shin test (IKPSS).

Then, to determine the variables that influence the excess of mortal-
ity at the district level, those with collineatity wete discarded by eval-
uating the variance inflation factor. Next, counting data models were
run, such as Poisson and negative binomial, in which the population
was introduced as an offset, and a logarithmic link function was
used. All the predictor variables were quantitative, and none pre-
sented records of missing values.

In both models, the independence of etrors was evaluated, and the
Akaike information criterion and Bayesian information criterion val-
ues were teported. Over-dispersion was explored using Peatson's
Chi-square residual test, the Bohning test, and the Vuong test to as-
sess the suitability of the Poisson model. In the inferential analysis,
a significance level of 0.05 was used, and the results were generated
using the R 4.0 and RStudio 1.2 Tools.

Ethics

Since this was an ecological study of aggregated secondary data that
is in the public domain and that does not allow identifying individu-
als who participated in the census or the deceased, the approval of
an ethics committee was not requested.

Results

In the first 24 weeks of 2020, an excess of 20 093 non-violent deaths
and 2979 confirmed deaths from COVID-19 were registered in Met-
ropolitan Lima when compared to the same period in 2019. Of the
non-violent deaths, 34% (6831) were in the two quintiles of districts
with the lowest HDI and 65% (13 154) in males. The age group from
0 to 11 years did not present excess of mortality, except in the dis-
tricts belonging to the second quintile according to the HDI, while
age groups from 18 or more years registered excess deaths in all dis-
trict quintiles according to the HDI. The most affected group was
that of men aged 60 and over residing in the districts of the third
quintile according to the HDI, with 20 969 excess deaths per million
inhabitants. In contrast, males from 0 to 11 years of age residing in
the districts of the fourth quintile, according to the HDI, had a def-
icit of -373.2 deaths per million inhabitants (Table 1).
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Table 1. Excess of non-violent deaths according to age groups, sex, and quintiles of HDI in 2020 compared to 2019.

Excess of non-violent deaths per million

Variable Districts Districts Districts Districts Districts
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Overall 1487.8 1941.4 2438.9 2376.0 2019.3
Age group (years)
0to11 -97.7 51.5 -50.5 -251.1 -232.7
12 to 17 -41.1 9.5 12.7 28.6 -04.1
18 to 29 67.5 434 50.5 34.6 43.0
30 to 59 1056.0 1309.1 1447.3 1282.7 658.3
60+ 11 761.5 13923.1 15 244.7 125343 8523.3
Sex
Male 2069.8 2606.5 3322.1 3157.9 2592.9
Female 920.4 1298.9 1582.7 1656.5 1531.3
Men by age groups (years)
Oto11 -80.0 73.5 -62.0 -373.2 -336.6
12 to 17 -58.2 -9.4 42.1 79.3 -161.1
18 to 29 103.7 33.5 7.0 89.4 -38.7
30 to 59 1462.1 2000.4 2242.4 1956.1 1125.2
60+ 16 696.6 18 486.7 20 969.1 17 104.3 11 678.8
Women by age groups (years)
Oto11 -116.1 28.6 -38.6 -124.7 -126.7
12to 17 -23.7 28.6 -17.1 -23.1 31.9
18 to 29 32.0 53.1 93.6 -18.1 117.4
30 to 59 674.7 666.6 699.1 691.7 2684
60+ 7136.9 9746.9 10 135.0 8781.9 6281.0

Quintile 1: Pucusana, Ventanilla, Cieneguilla, Mi Pert, Pachacamac, Carabayllo, Santa Rosa, Puente Piedra, Ancén, Callao.
Quintile 2: Carmen de La Legua - Reynoso, Lurigancho, Independencia, Ate, Villa Marfa del Triunfo, Lurin, Punta Hermosa,
El Agustino, Villa el Salvador, Punta Negra. Quintile 3: San Juan de Lurigancho, La Victoria, Comas, San Bartolo, Bellavista,
Rimac, San Juan de Miraflores, Rimac, Santa Anita, La Perla, Chaclacayo. Quintile 4: San Martin de Porres, Santa Matfa del
Mar, La Punta, Chorrillos, Los Olivos, Lima, San Isidro, San Luis, Santiago de Surco, Brefia. Quintile 5: Surquillo, Barranco,
San Miguel, San Borja, Miraflores, Pueblo Libre, Magdalena del Mar, Jests Marfa, Lince, L.a Molina.

Figure 1 shows the evolution of excess mortality per million inhab-
itants according to the characteristics of interest. An increase was
observed toward the final weeks of the study period for 2020 when
compared to that same period in 2019, especially in men and adults
aged 60 and over. However, the slope showed a change taking the
series to a high, albeit stable, level.

According to the HDI, residents from districts of quintile 5 pre-
sented, in most cases, the lowest rates. When applying the KPSS
trend test, an increasing trend was detected in the data in all quintiles,

MED

and the same occurred when comparing by sex. Nonetheless, differ-
ences between age groups were identified. In the 12 to 17 age group,
only those residing in districts of the first quintile, according to the
HDI, presented an increasing trend of excess mortality (p = 0.028).
This was also observed in the residents of the districts of the second
(p < 0.01) and third (p < 0.01) quintiles according to the HDI in the
age group of 18 to 29 years. An increasing trend in excess deaths was
detected in all quintiles for people aged 30 to 59 and 60 and over.
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Figure 1. Time series graph of the excess of mortality by sex, age group, and quintile of the district of residence according to the HDI in

2020 compared to 2019.
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Regarding the socioeconomic characteristics of the districts (see a
summary in Table 2), it should be noted that self-identification of
the inhabitants as Afro-Peruvian was highest in the districts of East
Lima, whete 34.48% of the inhabitants of Pachacamac self-identified
as Afro-Peruvian, closely followed by 31.26 % of Lurigancho and
30.30% in Cieneguilla and Ate. On the other hand, all districts had
at least one health facility. Regarding public transportation services,

Line 1 of the Lima Metro supplies nine districts of the city, with the
San Juan de Lurigancho district having the most stations, while Met-
ropolitan Rapid Transit Bus System has the highest number of sta-
tions in downtown.

Table 2. Summary of the economic and sociodemographic characteristics of the districts of Metropolitan Lima.

Variable Mean Median SD Min Max
Excess of non-violent deaths per million 2017 1882 1129.97 0 4822
Population 226 574 148 421 224709.9 1716 1107 859
Human Development Index 0.73 0.73 0.0067 0.6 0.85
Population density 10 631.95 10 671.27 8310.45 57.52 28223.12
% house in extreme poverty 0.01 0.41 0.59 0 2.01
% self-identified population as Afro-Peruvian 17.37 17.64 7.39 4.06 34.48
% population that works in the same district 45.36 44.53 9.69 27.09 70.12
% houses with access to water from

84.28 96.2 22.33 23.44 100
the public network
Number of supply markets 25.86 15 28.92 0 123
Number of health facilities 10.18 7 9.43 1 36

MED
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Number of Metropolitano stations 1.04 0 2.13 0 9

Number of Metro Line 1 stations 0.54 0 1.42 0 8
Days from the first death of COVID-19 69.78 79 25.03 0 93
Surface area 54.18 21.35 75.9 212 303.31
Altitude 151.92 121.5 154.68 12 879

SD: standard deviation.; Min: minimum value; Max: maximum value.

which the multivariate analysis revealed that the HDI (relative risk:
0.02; 95% confidence interval: 0.00 to 0.35; p = 0.009) and the per-
centage of inhabitants in a situation of extreme poverty (relative risk:
0.57; 95% confidence interval: 0.37 to 0.89; p = 0.014) significantly
decreased the rate of excess mortality in Metropolitan Lima (Table
3).

With these variables and the number of excess deaths for each dis-
trict, bivariate analysis was performed using Poisson regression.
However, the results of the Pearson chi-square (p < 0.001) and
Bohning tests (p < 0.001) showed over-dispersion in the excess
death rate, which is why this model was discarded and the negative
binomial model was considered as an alternative. Five explanatory
variables with significant individual contribution were selected, of

Table 3. Factors associated with non-violent deaths in Metropolitan Lima in 2020 compared to 2019.

Poisson Negative binomial

Crude Adjusted* Crude Adjusted*

Variable Relative risk P- Relative risk P- Relative risk P- Relative risk P-
ana (95% CI) value  (95% CI) value  (95% CI) value  (95% CI) value

Altitude 1.00 (1.00 to 1.00) <0.001 1.00 (1.00 to 1.00)  0.010 1.00 (1.00 t0 1.00)  0.198 Not included
E‘;‘;{"n Development ¢ 59 (¢ 48 16 10.59) <0.001 0.07 (0.04t0 0.15) <0.001  11.96 (1.28 to 111.56)  0.029 0.02 (0.00 t0 0.35)  0.009
. .
:(’) lv‘gr‘i;e 1n extreme 0.66 (0.64 to 0.68) <0.001 0.76 (0.70 to 0.82)  <0.001 0.54 (043 to 0.67) <0.001 057 (037t0 0.89)  0.014
% houses with access to
water from the public 1.02 (1.02 to 1.03)  <0.001 1.02 (1.02t0 1.02)  <0.001 1.02 (1.01 to 1.03)  <0.001 1.01 (1.00t0 1.02)  0.175

network

% self-identified
population as 0.98 (0.98 to 0.98) <0.001 0.99 (0.99 to 1.00)  0.037 0.97 (0.95t0 0.99)  0.002 1.00 (0.97 to 1.02) 0.741
Afro-Peruvian

% population that

works in the same 1.00 (1.00 to 1.00)  0.092 1.01 (1.01 to 1.01) <0.001 0.99 (0.98 to 1.01) ~ 0.399 Not included

district

Number of health 1.00 (1.00 to 1.00) ~ 0.036 1.00 (1.00 to 1.00)  0.056 1.01 (0.9 t01.02)  0.420 Not included

facilities

Number of supply 1.00 (1.00 t0 1.00) ~ 0.834 Not included 1.00 (0.9 to 1.01) 0285 Not included

markets

Number of 1.08 (1.07 to 1.08) <0.001 1.05 (1.04 to 1.05)  <0.001 1.09 (1.01 to 1.17)  0.014 1.04 (099 to 1.10) 0089

Metropolitano stations

Number of Metro Line

. 1.01 (1.00 to 1.01) ~ 0.019 1.06 (1.05 to 1.07) <0.001 1.05 (0.94 t0o 1.17)  0.356 Not included
1 stations

95% CI: 95% confidence interval
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Discussion

We report an excess of 20 093 non-violent deaths during the first 24
weeks of 2020 in the districts of Metropolitan Lima when compared
to the same period in 2019. Of the total excess deaths, 2979 deaths
wete attributed to COVID- 19 according to the records of origin (in
87.3% of cases, the cause was unknown). Likewise, the highest pro-
portion of excess deaths (33.5%) was registered in the quintiles of
the districts with the lowest HDI. Similarly, the excess deaths per
million inhabitants in the districts of all the quintiles, according to
the HDI, were greater in males and the age group of 60 years and
older. In the general population and populations of men and women,
the fifth quintile, according to the HDI, and the age groups of 35 to
59 and from 60 to more years, was the least affected by excess mor-
tality per million inhabitants. Multivariate analysis showed that the
HDI and the percentage of inhabitants in a situation of extreme pov-
erty were the influencing variables on the excess death rate in the
population of Metropolitan Lima.

Peru is one of the 15 countries in the world with the highest number
of deaths from COVID-19, and, like the United States and several
European countries, has recorded a high excess of deaths during the
pandemic, compared to mortality records from previous years!-2,
Our study reported an excess of 20 093 non-violent deaths, of which
at least 2979 (14.8%) were attributed to COVID-19. In this regard,
some international reports indicated that Peru would have an excess
that surpasses 100% of deaths compared to historical data. Likewise,
this proportion of excess deaths is greater than that of countries such
as the United Kingdom (62%), Spain (61%), Belgium (58%), and the
Netherlands (50%)2. Similarly, more than 85% of the total excess
deaths were not attributed to COVID-19 in the excess mortality rec-
ords of Metropolitan Lima. However, it is very likely that many of
these deaths were due to the disease, and there has been a delay in
registering the specific cause of death. In addition, it must be taken
into account that a significant proportion of deaths may be due to
indirect consequences of the pandemic, such as difficulties in access-
ing health services (economic incapacity, lack of access to transpor-
tation, or collapse of health services ), and a shortage of human and
economic resources’-S.

Of the total excess deaths, 33.5% were concentrated in the districts
of Metropolitan Lima with the lowest HDI (quintiles 1 and 2). It
should be considered that the HDI involves the measurement of as-
pects of health, education, and wealth in the population of a specific
geographic area’. In this regard, similar to our results, a study carried
out in the five municipalities of New York reported that the highest
mortality rate from COVID-19 was in the Bronx (224 per 100 000
inhabitants), which has one of the highest proportions of racial and
ethnic minorities, as well as the highest proportion of people living
in poverty and with low educational levels. In contrast, in the more
affluent municipalities, the rates were lower (Manhattan reached a
mortality rate of 112 per 100 000 inhabitants)'?. Similarly, in our
study, we found that the age groups most affected by the pandemic
in terms of mortality (35 to 59 years and 60 years and older) had a
lower excess mortality per million inhabitants in the fifth quintile,
according to the HDI. In this regard, it is necessary to take into ac-
count that in a context of social inequality, labor informality, and
economic precariousness such as that experienced in our country,
compliance with effective measures to prevent the spread of the dis-
ease, such as mandatory social isolation, is not very manageable for
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the working class and much worse for those with informal employ-
ment. Indeed, before the pandemic, these latter groups represented
70% of the total Peruvian workers311:12, Their condition has wors-
ened because of the inability to work and as a consequence of
changes in consumer preferences and priorities due to lockdown.
This is in line with estimates that atleast 49 million people worldwide
will fall into extreme poverty in 2020 due to the pandemic!3.

Our study recorded higher excess mortality in the male population
and people over 60 years of age in all the district quintiles according
to the HDI. This pattern has also been reported in Italy by Miche-
lozzi et al., who reported higher excess mortality in men compared
to women in northern (+ 87% vs. + 17%) and southern (+ 70% vs.
+ 9%) Italian cities, respectively'4. Likewise, this study reported an
increase in excess mortality according to age (+ 76% in the group of
65 to 74 years old, + 89% in the group of 75 to 84, and + 102% in
those over 85 years of age). Similar patterns in excess mortality have
been reported by several studies in different countries'>19. With the
current absence of drugs or vaccines with proven efficacy and safety
for the disease, knowledge of these patterns would allow anticipating
excess deaths in groups of greater vulnerability from potential out-
breaks of the disease. This knowledge can also be useful for govern-
ments to strengthen prevention in these population groups—all the
more so considering that the lifting of lockdown measures has been
taking place in many countries around the world.

It should be mentioned that the results of the multivariate model
showed the effect of the sociodemographic characteristics of the dis-
tricts on excess deaths due to COVID-19. In the adjusted model, we
found that the excess of deaths per million identified to date can be
explained by a lower HDI level (p = 0.009) and a lower excess in
districts with a higher percentage of inhabitants in situations of ex-
treme poverty (p = 0.014). This is consistent with the results on the
proportion of excess deaths in the districts of Metropolitan Lima,
where more than 33% are concentrated in quintiles 4 and 5 accord-
ing to the HDI.

One of the main limitations of our study was the use of secondary
data from the different databases used in the analysis, which may
present information bias due to the possible poor quality registration
of the data of interest. Likewise, even the causes of death are in the
process of quality control and standardization by the Peruvian Min-
istry of Health, which does not allow the causes of death to be indi-
vidually identified and compared between the years of study.

Similarly, it should be pointed out that some deaths may be pending
notification, mainly in those districts with marginal areas with an in-
adequate provision of health services. On the other hand, a statistical
limitation may be the sample size. Regression models require a min-
imum of 10 to 20 units of analysis per independent variable; in our
study, this rule was valid only for the negative binomial model. Con-
sequently, the Poisson model may suffer from overfitting, meaning
its results are valid for the sample but may not be reproducible. For
this reason, we preferred to consider the regression through the neg-
ative binomial distribution. Bottai also suggested using geometric
distribution (a particular case of the negative binomial distribution)
for one-time event modeling, such as death?. Also, since different
measures are being implemented to mitigate the impact of the pan-
demic, there may be a variation in the mortality outcome over time
according to the characteristics evaluated. Despite these limitations,
our study only used information on deaths that occurred in Metro-
politan Lima, which is the region with the highest percentage of
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digital death registration nationwide.

In conclusion, in Metropolitan Lima, there was an excess of 20 093
non-violent deaths during the first 24 weeks of 2020 compared to
the previous year. This excess was greater in the quintiles of districts
with the lowest HDI, in men, and people 60 or oldetr. Excess mot-
tality beyond non-violent deaths caused by COVID-19 can be at-
tributed to the catastrophic indirect impact of the disease on health
systems, leading to neglect of other life-threatening diseases or con-
ditions, as well as the large socioeconomic differences of the Peru-
vian population, even within Metropolitan Lima, which leads to a
breach of compulsory isolation. The study of social and economic
health determinants in Peru is crucial for the design of measures to
be taken by the government against the COVID-19 pandemic. The
impact of the pandemic on health and the role of the economy in its
outcomes should not be underestimated and should lead the gov-
ernment to take specific measures to reduce gaps in social and eco-
nomic inequality, as well as to push investments to improve the Pe-
ruvian health system.
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