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Altitude and excess mortality during COVID-19 pandemic in Peru 

Dear editor, 

We have read with interest the short communication published by 
Segovia-Juarez et al., 2020 in Respiratory Physiology & Neurobiology 
establishing that high altitude reduces the infection rate of COVID-19 
but not the case fatality rate in the Peruvian setting. We support this 
hypothesis, however there could be an important number of under 
registered deaths on account of a low rate of diagnostic tests performed 
per inhabitant and mostly in symptomatic patients (Pasquariello and 
Stranges, 2020). It has been estimated that in Peru, 4 tests are performed 
per 1000 inhabitants; a fairly low figure compared to other countries in 
the region such as Chile and the United States, who perform 30 and 51 
tests per 1000 inhabitants, respectively (Our World in Data, 2020). 
Furthermore, in Peru, only patients that tested positive for SARS-CoV-2 
are labeled as COVID-19 deaths. Following this consideration, we would 
like to add the importance to evaluate the excess mortality (EM). In 

Peru, EM registered between March to May was 13,000 more deaths 
than expected for that period, of which, only 3000 were positive for 
SARS-CoV-2. This represents an EM of 54 %, which was the highest 
reported compared to 20 countries (Mundo, 2020). We would like to 
highlight the relation between EM rate and altitude per district in Peru 
during COVID-19 pandemic. 

We conducted an ecological study in order to assess the relation 
between EM rate and altitude of the 1874 Peruvian districts during 
COVID-19 pandemic. Our population included all subjects who died 
between April and June from 2017 to 2020 in Peru and were registered 
in the National Death Computer System (SINADEF). Based on this, we 
included 1829 districts in our analysis. EM is a numerical variable, 
created by subtracting the number of deaths from April to June 2020 
minus the average deaths each month in the 2017–2019 period per 
district, respectively. In order to obtain the EM rate, the following 
equation was used: 

Fig. 1. Correlation between excess mortality rate and altitude.  
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X = Excess mortality rate 
Y = Number of deaths recorded from April to June 2020 
Z = Average of deaths recorded from April to June 2017–2019 
M = Population 2020 
N = Average population 2017–2019 
Districts population was obtained from the 2017 national census, 

and 2018–2020 population growth projections; which was collected 
from National Institute of Statistics and Informatics (INEI). Further
more, altitude was used as a numerical variable which was gathered 
from INEI. In our statistical analysis, firstly we tested normality 
assumption through Shapiro Wilk test, and we obtained an abnormal 
distribution. Then, we performed a Spearman’s correlation between EM 
rate and altitude. We used RStudio version 3.5.2. (RStudio Team (2020). 
RStudio: Integrated Development for R. RStudio, PBC, Boston, MA URL 
http://www.rstudio.com/) 

Nationwide, we found an EM of 36,322 (139.8 %) and an EM rate of 
1.1 death per 1000 inhabitants. Meanwhile, there were only 9860 offi
cially COVID-19 deaths (Stand June 30, 2020). This EM could be 
explained by two plausible reasons: a high rate of officially and non- 
officially reported COVID-19 deaths; and an increase in non− COVID- 
19 related deaths as a result of non-seeking medical attention, 
lockdown-related deaths and hospitals collapse (Vandoros, 2020; Wat
kins and Wulaningsih, 2020). We found that as altitude increases, the 
EM rate decreases (R = -0.2, p < 0.001) (Fig. 1). SARS-CoV-2’s virulence 
seems to decrease at high altitude as mentioned by Arias-Reyes et al., 
2020 Furthermore, it has been suggested that Peruvian districts located 
at high altitude may behave this way due to smaller populations and a 
lower population density (Huamaní et al., 2020). Therefore, our analysis 
included districts’ population to reduce this bias. Moreover, we used 
district altitudes in our analysis because Peruvian geography is greatly 
variable, and within a single province there may be a great difference 
between the altitude of different cities and towns. Hence, we believe a 
district altitude-based approach reduces the bias that may arise by 
altitude variability, which characterizes the province altitude-based 
approach used by Segovia-Juarez et al., 2020 

In conclusion, we support Segovia-Juarez et al., 2020 findings which 
are consistent with ours. However, we believe that the assessment of EM 
during a pandemic is a more trustworthy way to assess the COVID-19 
public health impact. Our results may explain a decrease in COVID-19 
deaths as altitude increases as well as a lower impact of COVID-19 

among other deaths at higher altitudes. 
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